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1 Executive Summary

The Product ValidationReport(PVR) describs the approacks and methods usetb
assesshe quality of burned aredBA) productscoming from theFire_cci algorithms
The currentreportpresents validation results thate representativat global scale for
themulti-year time perio@0032014 and for Africa for year 2016

For a sample oWvalidation sites, BA reference datgere generatedrom Landsat data
and compared witBBA algorithm outputs with common temporal interval and spatial
coverage.CEOS LPV protocolswere used (Boschetti et al. 2010Jo generate the
reference data and pemviewed standard metho@adilla et al. 2017)vere used to
summarize and express the validatresults.Novel methods in BA validatiomnvere
developedto cover a multiyear time periodwith reference datausing astratified
random sampling of spattemporal clusters tonaximizethe precision of accuracy
estimatesA validation sample was sped@ifally designed for thesmall fire dataset(a
burned area produdlerived from Sentinel and -2 image$ using Landsat data
Sampling unitsvere defined witHong temporal extent$éwhere the temporal extent is
the time period covered by the respective nexfee datg)covering over 100 days
ensuring therefore largemporal overlaps with Sentingéland-2 BA estimatesThe
resultingdatasetarenovelin BA validation.

At global scale, he FireCCl4] the FireCCI5Q the FireCChl1, the FireCCILT10
products and additionally the MODIS MCD64 product were validated at global scale
from 2003 to 2014, with a sampbd 1200 30x20 km spatial windows of pairs of
Landsat images separatbgl 8-16 days(a short temporal extentfFireCCB1, with a
Dice Coefficient (DC) 6 38.2% and relative bias (relB) 628.0% was the most
accurate among Fire_cci producBC values were lower than for tHdCD64A1
product(DC 47.8% and relB41.5%) but it showedbetter relative biasThe lower DC
values of FireCCI51 and 50 produete partly caused by the lower temporal reporting
accuracy, as the higher performaat®ng (in time) sampling unitsndicates

The FireCCISFD11and FireCCI5Q FireCCI51, FireCCILT10 and MCD64A1 were
validated in Africa using 50 londemporal sampling urts from 2016 made by
consecutive image pairs (referred here as short sampling UfitsCCISFD11was
clearly the most accurate product at long sampling units (DC 77.0% andoréfB),
although one of the least accurate at short sampling units (DC 2h@%eIB-9.0%).
FireCCl51and MCD64A1 had similar accuracieat long sampling unitsthe former
slightly higher.

2 Introduction

2.1 Purpose of the document

The objective of thi®roduct Validation Repoktersion2.0is to describe and report the
validation of MERIS Fire_cci version 41 (FireCCl41) MODIS Fire_cciversions 3
(FireCCI50), MODIS Fire_cci version 5(FireCCbl), the AVHRR LTDR Fire_cci
version 1.0 (FireCCILT10) the SentineR Small Fire Datset Fire_cci v1l
(FireCCISFD11)and the Sentinel Hre_cci v10 for Africa (FireCCIS1A10).

2.2 Background

Validation is a critical step of every remote sensing project, as it provides a quantitative
assessment of the reliability of results, while facilitating critical information for end
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users(Congalton and Green 1999The Committee on Earth ObsatonSat el | i t es 6
Land Product Validation Subgroup (CEQBVS) defines validatiom s : AThe proce
of assessing, by independent means, the quality of the data products derived from the
syst em (BwopgamuSpaceé Agen®007 Morisette et al. 2006)

CEOSLPVS defined four stages of validation, based on the coverage and type of
reference data samplingt{p://Ipvs.gsfc.nasa.goaccesse@ctober2013):

1. Product accuracy is assessed from a small (typically < 30) set of locations and
time periods by comparison with-gitu or other suitableeference data.

2. Product accuracy is estimated over a significant set of locations and time periods
by comparison with reference in situ or other suitable reference data. Spatial and
temporal consistency of the product and consistency with similar giotas been
evaluated over globally representative locations and time periods. Results are
published in the peeaeviewed literature.

3. Uncertaintiesin the product and its associated structure are well quantified from
comparison with reference in sitw other suitable reference data. Uncertainties are
characterized in a statistically rigorous way over multiple locations and time
periods representing global conditions. Spatial and temporal consistency of the
product and with similar products has beealeated over globally representative
locations and periods. Results are published in therpggwed literature.

4. Validation results for stage 3 are systematically updated when new product
versions are released and as the theiees expands.

Through he first decade of the 2000s, BA products were typically subjected to a first
stage validation. GlobcarbgfPlummer et al. 20Q7and L3JRC(Tansey et al. 2008
were validated with independentatd derived from 72 Landsat scenes globally
distributed mostly from the year 200this can be referred to as stage (.6. better

than stage 1 but not at stage @)age 1 validation results were reportedRiy and
Boschetti(2009 for the MODISMCDA45 (Roy et al. 2008product in southern Africa
using 11 Landsat sceneashile Chuvieco et al. (2008) validated a regiom@duct for

Latin America using 19 Landsat scenes and 9 Glbrazil Earth Resources Satellite
(CBERS) scenes. GFED3, which has a coarser spatial resolution of 0.5°, was not
formally validated, but some quantification of uncertainty was provi@idlio et al.
2018; Giglio et al. 2009; 2010)Recently, the most common BA products were
validated with reference data collected by means of probabilistic sampling on a single
year, 2008(Padilla et al. 2014b; Padilla et al. 201%pter, Boschetti et al(2019
improvedthe sampling by specifically including the temporal dimension at the sampling
units butleavingunsolved the stratification design and sampling allocation to optimally
obtain precise accuracy estimataad further did not report on any validation result
with any reference datarising from the studyThis was addressed Badilla et al.
(2017) andthe main findings were implemented heféhe sampling is critical in any
validation, tomake tle most ofthe resources dedicaténl generateeference data. It is
particularly critical for the currerfire_cci Phase, asvalidationis intended tocover
several years.

1 In the context of the CEQBPVS guidelines, here uncertainty refers to accuracy obtained from a
validation exercise. Commonly uncertainty may be relates to thesjoreof an estimate.
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As part of an effort to promotehe acceptance of theemote sensingroducts by
externalcommunities, here we provi@da independentalidation analysis, including the
assessment of temporal trends of accurbg. independence is a critical characteristic

of any validation assessment, since it assures that unbiased accuraciesaiass obt
among products. Independence implies that validation datasets are not used during the
design of BA algorithms, ei t hdhetemmoral cal i br
variability of algorithm performances one of the key validation aspects todssessed
accordingto enduser requirementgHeil et al. 2016) The validationthen should
provide a measure of whether results include temporal trendst For the current
Fire_cci Phase, the reference datetssweregenerated to covawelve yeardollowing

a probability samplingachieving therefore CEGISPV validation stage .3

For burned area assessment globally or regionally, the usesibfi ireference field data
is not feasibleTherefore remote sensing validationrgjects rely on images of medium
spatialresolution of around 30 nMoreover, his spatial resolution corresponds to that
used byGCOS(2016)to define enelser requirements on product accuracies.

Reference imagesre acquired simultaneously @sportray the same ground conditions

as the input images from which the validating product is generated. Standard methods
on the generation of BA reference data described in detail by CEQ®YV (Boschetti

et al. 2009 Boschetti et al. 2090

Accuracy is cheacterized through crogabulation, by accounting for the spatio
temporal coincidences and disagreememtestimates of location and timing of burns
between a reference map and the target map. This is the most widely used approach
(Padilla et al. 2017; Padilla et al. 2014b; Padilla et al. 2015)

The main objectivef this validationis to achieve a CEQBPV stage 3validation This

implies that the generation of a reference datamett cover a muklyear time period
Reference data was generated to cover 12 years, Z088to 2014. A CEOSLPV

Stage 4 validation can be achieved using the approach developed here as new product
versions are released and as the time series expands

Additionally, a sample of reference data was specifically generatydAdrica 2016 to
validate the Small Fire Datat (SFD). The SFD product is derived from-1ISand,
independentlyS-2 data.This separate sample usssnsecutive images pairs ensuring
large temporal overlaps with SFD BA estimatese to the lower temporal selution

of the SFDs; observations of the Earth are not normally every day or every other day
such as is the case with the global burned area prodwaetd for this reasotemporal
errors ofthe detection date of th8FDs aremitigated through the long temporal
reference data extents

The PVR includes the validation of the MERIS Fire_cci version 4.1 (hereinafter
referred to as FeCCI41; available for 2002011), the MODIS Fire_cci versierb.0

and 5.1(hereinafter referred to as FE€I50 and FireCCI51 respectivelythe AVHRR
LTDR Fire_cci v1.0 lgereinafter referred to as FireCCILT)1€he SentineR Small Fire
Dataset Fire_cci v1.1 (hereinafter referred to as FireCCISFDHNd theSentineil
Fire_cci v1.0 for Africa (hereinafter referred to as FireCCIS1AR@ditionally, for
reference, the MODKBICD64A1 Collection 6 (hereinafter referred to as MCD64) was
also includedThe prodict of the Copernicus Global Land Service wathdrawn from

the analysis as its already known to have lower accurgPadilla etal. 2015)than the
MCDG64AL1 Collection 6 product
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3 Methods on validation analysis

3.1 Reference Data

3.1.1 Reference data generation

This section describes the protocol to generate and document reference information for
BA validation. This document is based the CEOSCalVal protocol for the validation
of burned area productRadilla et al. 2014a)

Reference perimetera/ere generated from muliemporal comparison ofmedium
resolution satellite imagery (LdsatTM), acquired from before and after the fire(s).

After a semiautomaticmapping of burnsa systematic quality contreas performed

through visual inspectionEach reference datasetas reviewed by adbr evi ewer 0
interpreter (M. Padilla) and perimeterswith errors were rectified by thebé aut hor 6
interpreter. The review processvas done through visual inspection, alternatively

displaying the preand posimages with the firgperimeters(derived from the semi

automated algorithmpverain with yellow lines and nedata areas as blue ron

transparent areas’he reviewsweredone with the two interpr:
Orevi ewer 0) physicall y atensufea gaodandofliid t he s a
communication andthat the improvementsneeded are clearly understood.This

procedurewas repeated until novisible differences between perimeters and visual
inspectiorwereidentified.

Based on the experiende Phase 1, the software uséa generate reference data
ABAMS, wasexpectedo befound o slow to process the large number of sampling
units planned for the current phageound 2200 pairs of Landsat imagesvereto be
processedor the global sample for 2063014 and for the sample specifically designed
for the validation othe SFD. That is more than ten times than what \pascessed in
the Fire_cciPhasel, 200 pairs ofimages ABAMS requires the usenieraction inwo
separate times: one for ppeocessingof the data and the other for the actual
classification.The classiftation is themost time consuming partynder a supervised
classification, where several classificatiomgght be required until a suitable one is
achieved, the time the algorithm needs to do one classification is critical. More
importantly, the algorithmsf the last versions of ABAMS included large departures
from its publication of referenc@astarrika et al. 20)1The maindeparture consisted
in the removal of the spatial regional algorithm, one of the mygsbitant aspects of the
original algorithm described in the publicatidrhe remaining algorithm consistedl @
classification based ahresholdslefined bypercentiles observed on training polygons.
For these reasonwve decided touse a standard machenlearning algorithmithe
Random Forestlassifieras described below, embeddedarsystemthat ingest the
reference images and produce the reference data wisipdledicFire_cci formats.

The semiautomaticprocedurehat was usedb generate the refence data consistd
two steps.In the first step, the pair (pre and post) reflectance satellite images are
reformattedto be easily and efficiently usemh the second step, the seautomatic
classification of burned/unburned area. Te®rmattingconsists @ a coregistrationin
a region of 30 km widtlix) and 20km high (y) locatedat the centre of thecene This
is consistent witithe sampling design, explained below in Sec8dh3 The output isa
raster file with st bands with the SWIR, NIR and RED bands of the two Landddt
images Further details can be seen in the documentafiongx 2 of the Pythonscript
where thisreformatting is implemented.This first step is automatic andan be
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parallelized andbe readywell before the interpreter starts with the second step, the
semtautomatic classificatiorf-or the classificationthe interpreteuploadsthe data in
QGIS (www.ggis.org/ accessedctober2018) with predefined display seatigs to
digitize the training polygons for burned and unburned assabkoptionally for clouds
The training data is used to fitRandom Forest Classifi¢Breiman 2001 Pedregosa et

al. 2012, which is arobustclassifier used for land cover change detectidisssels et

al. 2016)and increasingly being used iburned area mappinRamo and Chuvieco
2017) The classifietakesas input variablethe NormalizedBurn Ratio (NBR) SWIR

and NIR ofthe pre and postdates and the multitemporal index dNBRIBR at image
acquisition time 2 minus NBR at image acquisition timeThese spectral regions and
indiceshave been identified as very useful in discriminating burned é§Gigko et al.
2009 Goodwin and Collet 20)4Eachrevision of theclassificationprocesgakes about

1 secondThe procedure consists liapetitive iterations of visual inspectiatrawingof
newtraining polygonsan the software too{reflecting those burned areas that have not
yet been correctly classifiedbr those incorrectly classified as being meahand
classifcation wtil no further errors can be perceived on the visual inspection.
Optionally, the classification can be overwritten by polygons digitmadually.Once

the 6 a u t imteypreter is satisfied with the classification, it is then reviewed by the
o0 r e v iirgewpeeterpwhich is the same for all reference datagetsdecides whether

it is finalized or further rectificationasreneecd

The output is an ESRI shape file with the reference data and metadata as defined
below. Further details can be seen in trecuimentation Annex 3 of the two Python
scripts where this seraiutomatic classification is implementeigure 1 shows an
example of the fire perimeters discrimination.

Parts of the £ene thatamot be observed or interpreted, either by clouds or by sensor
problems (i.e. SL&ff problems of ETM+)in one of the two images pre or pase
classified as nalata.This is to make sure only areas witiabledata are included in

the validation process.


http://www.qgis.org/
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Figure 1: Example of a Landsatpre (above; 3 November 2003) angdost (bellow; 19 November
2003 fire RGB (7, 4, 3)images and the derived fire perimeters (yellow linessame in both imagey
at WRS Landsat pathrow 97-72 (northeastern Australia).

3.1.2 Data structure and naming convention

Each burned area reference fie an ArcGISM shape file (.shp), along with the
auxiliary files required (.dbf, .prj, shx, .sbn, .xml). The projeci®TM, WGS84,

with the UTM zor/row being the zone that is covered by the major part of the scene.
The following attribute fieldareincluded in the shape fild ablel):
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1 PreDate. Acquisition date of the image taken before the occurrence of the fire:
yyyymmdd(year, month, day).

1 PostDate. Acquisition date of the satellite image taken after the fire: yyyymmdd
(year, month, day).

1 Prelmg and Postimg. The prand posffire image names, following this format:
satellitecode_Path_Row (e.g. LT5_ 201 _032). The $itgetodes are given in
Tablel.

Table 1: Satellite-sensor codes naming convention

Satellite-sensor Code
Landsat4 TM LT4
Landsats TM LT5

Landsat7 ETM+ LE7
Landsat8 OLI LC8

1 Area (n square metres,n
1 Category (Observation category):

o Burned area = 1. This area includes all polygons detected as burned.

0 No-Data = 2. This area includes all polygons that could not be
interpreted or were not observed by the sensor, either by clouds
and/a cloud shadows, topographic shadows, smoke, or sensor errors
(for instance, those caused by Sbff problems of ETM+)

o Unburned = 3. This area includes all polygons observed as not
burned within the limits of the area covered by the image.

Table 2: Example of attribute table for BA reference data.

PreDate PostDate Prelmag Postlimg Area Category
20030630 20030801 LT5_223_066 LT5_223_066 1062000 1
20030630 20030801 LT5_ZZ3 066 LT5_Z23_066 25500 1
20030630 20030801 LTS_223_066 LT5_223_066 533300 1
20030630 20030801 LT5_223_066 LT5_223_066 108000 1
20030630 20030801 LTS_223_066 LT5_223_066 163800 1
20030630 20030801 LT5_223_066 LT5_223_066 1454400 1
20030630 2003080 LT5_223_066 LT5_223_066 38700 1
20030630 20030801 LT5_223_066 LT5_223_066 12600 1
20030630 2003080 LT5_223_066 LT5_223_066 55800 1
20030630 20030801 LT5_223_066 LT5_223_066 244500 1
20030630 20030801 LT5_ZZ3 066 LT5_Z23_066 332100 1

The name of the .shp and associated fdeefined as follows:
PRO_RD_YYYYMMDD_YYYYMMDD_PPPRRR
where:

PRO = Project where theeference datavere generated. For the fire perimeters
developed within thd-ire_cci project, PROEre_cci.

RD = stands for Reference Data
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yyyymmdd (year, month, date). The first one is thefpeedate, which is the date of the
first image used for BA detection; the second one is thefpesiate, which ishe date
of the last image used for generating the reference fire perimeters.

ppprrr represents the Land$&brldwide Reference SysterdVRS) path and row of the
scene (in the case where no Landsat imagery was used, the closesivpatselected):
ppp=pdh; rrr=row

3.1.3 Metadata

The metadata of the reference filsswritten as a XML document The metadata
contairs the author of the reference data filegir institution, the date of creation, the
input data sources (hames of satellite image files) ancfigrence of thevebsite of the
Fire_cci projectAnnex 4contains an example of a metadata file

3.2 Sampling design
The sampling was designed with two main objectives:

1 To provide estimates that ce used taletermineaccuracyfor specific spatial
and temporal regions. To achiettds, the dimension of sampling units was
defined in terms of spatial and temporal extentexaéained in SectioB.2.1

1 To optimally allocate samp$ethrough a multiyear time period leading to
accuracy estimates as precise as possible. To acthisye twostage cluster
sampling allocation was used with optimally defined strata, as explained in
Sections3.2.2and3.2.3

3.2.1 Sampling units

The spatial dimension of sampling units was based on LadR&?2 to simplify data
downloading and processin@adilla et al.2014b; 2015) The spatial dimension of
sampling units was defined by the Thiessen scene areas (TSAS) construCtdtehyet

al. (2010 and Kennedy et a(2010 specifically for use with Landsat WREframes.

The key advantage of TSAs is that thepwywde nonoverlapping Landsdtke frames,
which allow for a convenient commiion of unbiased estimatorqGallego
2005.Reference datés generated from two consecutive images acquireitieasame
TSA. Therefore, a sampling unit is delimited spatially by a TSA and temporally by the
acquisition dates of consecutive images

For the global multyear sample a sampling unit is defined by a paimages, so the

temporalityis defined by the acquisition dates of the pair of imagesilustrated in

Figure2. Forthe sample oAfrica 2016a sampling unit is defined by consecutive pairs

of images, so tempally it is defined by the acquisition dates of the first and last

images, as illustrated ifrigure 3, and nominally every 16 days for Landsat TM
Throughout the document, this sampdngng uni:t
in time. Contrarily, the unit defined by a pair cbnsecutiveimages is referred as

i s h oThetassessment of the products is carried out twice, once for the long temporal

unit over a spatially limited argéfrica), andsecondover a short temporal unit for the

global products and for a spatially limited area (Africa).
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Figure 2: lllustration of short sampling units for a Thiessen scene area (TSA) on a three
dimensional space. Each sampling unisidelimited spatially by a TSA (twoedimensions) and
temporally (the third dimension) by the time between two consecutive Landsat images. Images are
displayed as false colar composites with SWIR, NIR and red bands in the red, green and blue
channels respetively.

->>

--- time ----

Figure 3: As in Figure 2 but for the long sampling unit based on consecutive pairs of images.

The sze of a uniti, M;, is defined by themultiplication of its size in the spatial
dimension(in m?; area of the TSPpandits sizein the temporal dimensio(in days).
Absolute values oM; sizewill change if other units were used, howelgrsize will
remainunchanged in relative terms. A unthat is twiceas largeasanother in ridlays

is also wice as largein kn?Aeconds, or in any other combination of units. The
knowledge of sampling unit sizes is necessary for a later unit subsamppiressand

is explained in the sections below. Two consecutivages form a paiwhenever they
were sepatad by 16 days or less. It is relevant to limit the time length between
consecutive observations make sure the spectral signal of a firatoccurred between
acquisition times is 8t present in the latest image

Landsat imagery with less than 30%f clouds at the USGS archive
(http://landsat.usgs.ggv/accessedSeptember2017) and the temporal requirements
between image pairs specified above limited the availability of reference data. Globally
from 2003 t02014 only 26.24% of the area*time is covered by the image pairs available



http://landsat.usgs.gov/
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at the USGS archivdn case the ESA archive had Landsat images other than those
available at the USGS archive, the amount of available reference data wdaiddre

than that repaed hereUnlike at the presengt the time of designing the sampling the
ESA archive did not offer the capability to download large amounts images as we
required.Figure4 shows the spatial distribution of suahailability which appears to be
affected by cloud global coverage patterns and by Landsat archiving strafegies5
shows the temporal distribution of reference data availability with clear periedksp

in the middle of the years and a large increase from 2013 onwards, prddutiesl
Landsat &ecoming operational
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Figure 4. Spatial distribution of reference data availability for short sampling units. Percentage of

time on Thiessen scene areaovered by LandsatTM image pairs available at the USGS archive
separated with 16 days or less between each other, from 2003 to 2014.
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Figure 5: Temporal distribution of reference data availability. Monthly percentage ofarea*time
covered by LandsatTM image pairs separated with 16 days or less between each other.

Figure6 shows the spatial distribution dataavailability for multiple consecutive pairs

of images cogring at least 100 consecutive days. This leads to sampling units at least
100 days long. Such a long coverage was set to ensure a good overlap with products
generated with 8 and S2 imagery,which do not observe the surface on a near daily
basis.
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Figure 6: Spatial distribution of reference data availability for long sampling units in Africa 2016
Percentage of time on Thiessen scene areas covereddonsecutiveLandsat TM image pairs
available at the USGS archive separated with 16 days or less between each ottmrering at least
100 days (sampling units at least 100 days lond)ata availability is particularly low in the Tropics.

3.2.2 Stratification and sample allocation

The stratification of sampling units was designed to ensure sufficient sampling in each
calendar yeartaking into accounthe major Olson biomeg®lson et al. 2001and with
special focus on regienwith highand low fire activity The stratification is baseah

three levels:

1 The first stratification level consisted in assigning each sampling unit to a
calendar year. For consistency and simplicity, this assignation was based on the
earliest acquition date of the Landsat image pair. A yeastyatification level is
convenient agt brings flexibility when planning the data collection. Particularly
it makes easy to expand the temporal period of study by adding complete years.

9 The second stratificatn level consisted in assigning each sampling unit to the
major biome for which the TSA had the maximum area.

1 The third stratification level, as in Padilla et @2014b; 2015)is based on the
BA extent proviled by theMODIS-MCDG64A1 Collection 5product(Giglio et
al. 2009. Sampling unitaredivided into high and low BA by using a threshold
of BA specifically adapted to each yehrome stratumThe sample allocated in
each yeabiome is proportional to the total BA.(" !) as recommended by
Hansen et al1946 for a highly skewed distributiorPadilla etal. (2017) found

that an allocation proportional to " ! lead to more precise accuracy estimates.
The study found that, given a same sample size, the use of allacatibmould

lead to standard errors of accuracy measures DC, relB, Ce and Oe¢ten S
3.3 for definitions of accuracy measures) around 25%, 50%, 50% and 10%

larger respectively, compared with using allocation !.

Given the available sample siftg each yeay and biomeb (nyy), the threshold

was selected to minimize the varianceB#u,, w 6 6 . MCD64 aswith any

other global BA product commonly messmall fires (Hantson et al. 2013;
Randerson et al. 2012f MCD64 misgssmall fires and they conbute a large

area, the allocation method would be less effective. This same shortcoming is
described by Hansen et £1946)on survey for business sales, who highlighted
that those errors would noitroduce bias into the estimates, but would decrease
the precision of estimates.



. i _ Ref.. Fire_cci_D4.1.1 PVR %2
2o fire Fire_cci lssue 21  Date 2212/2018
\j : ProductValidation Report Page 19

For the global samplef 20032014 with short sampling units anding a similar
amount of effort in generating reference data as in Fire_cci Bhaswas foreeena
sampe size of100 sampling units per yegr ny, at the subsample rate specified later.
For a 12year period, that would amount to 1200 short sampling Uritshe samplef
Africa for 2016 50 long sampling unitsvere sampledwhich leadsto approcimately
1000 pairs of images (equivalent to the same number of short sampling Qpiisjal
nyo was defined with the proportionality of meBA,

. .0 060 @)
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At least two sampling units per stratum are needed to compute deviatiBAs luénce
an iterative process was usédhfiex 9 to ensure that athbwereO 4 whi |l e preser
as much as possible the optimal allocation.

Then, each yedriome {b) stratum was divided in two parts with an optimal BA
threshold Figure7 shows the opti@l thresholds for eacyb stratum, in the scale of the
cumulative sum distribution of BAQS. It ranges from 0 to 1, and it represents the
fraction of BAj on the sampling units with loweBA than a specific threshold. For
exampleCSp= 0.5 divides aybin two halves, the one with the sampling units with less
BA have the same total BAs the other hdl CSp = 0.2 makes the hiawith the
sampling units with less BA to have the 20YB# ..

Figure 7: Table with the selected BAthresholds |=-ﬂ %for year y and biome b. Grey levels are
proportional to threshold values.

The consequent sample sizgedor the global sample 206014 are shown ifigure8

and the spatial distributioof TSAs with at least one sampling unit selected can be seen
in Figure 9. The spatial distribution of TSAs with at least one sampling unit for Africa
2016 is shown ifrigure 10. 32 units vere allocated in the high BA part of Tropical and
Subtropical savanna and two in each of the other strata.















































































































