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Summary 

This Product Validation Report (PVR) describes the approaches and methods used to 

assess the quality of BA products coming from the Fire_cci algorithms. The report 

presents validation results that are representative at global and regional scale and for a 

multi-year time period.  
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1 Executive Summary 

The Product Validation Report (PVR) describes the approaches and methods used to 

assess the quality of burned area (BA) products coming from the Fire_cci algorithms. 

The current report presents validation results that are representative at global scale for 

the multi-year time period 2003-2014 and for Africa for year 2016.  

For a sample of validation sites, BA reference data were generated from Landsat data 

and compared with BA algorithm outputs, with common temporal interval and spatial 

coverage. CEOS LPV protocols were used (Boschetti et al. 2010) to generate the 

reference data and peer-reviewed standard methods (Padilla et al. 2017) were used to 

summarize and express the validation results. Novel methods in BA validation were 

developed to cover a multi-year time period with reference data, using a stratified 

random sampling of spatio-temporal clusters to maximize the precision of accuracy 

estimates. A validation sample was specifically designed for the small fire dataset (a 

burned area product derived from Sentinel-1 and -2 images) using Landsat data. 

Sampling units were defined with long temporal extents (where the temporal extent is 

the time period covered by the respective reference data), covering over 100 days, 

ensuring therefore large temporal overlaps with Sentinel-1 and -2 BA estimates. The 

resulting dataset are novel in BA validation.  

At global scale, the FireCCI41, the FireCCI50, the FireCCI51, the FireCCILT10 

products, and additionally the MODIS MCD64 product were validated at global scale 

from 2003 to 2014, with a sample of 1200 30x20 km spatial windows of pairs of 

Landsat images separated by 8-16 days (a short temporal extent). FireCCI51, with a 

Dice Coefficient (DC) of 38.2% and relative bias (relB) of -28.0%, was the most 

accurate among Fire_cci products. DC values were lower than for the MCD64A1 

product (DC 47.8% and relB -41.5%), but it showed better relative bias. The lower DC 

values of FireCCI51 and 50 products are partly caused by the lower temporal reporting 

accuracy, as the higher performance at long (in time) sampling units indicates.   

The FireCCISFD11 and FireCCI50, FireCCI51, FireCCILT10 and MCD64A1 were 

validated in Africa using 50 long temporal sampling units from 2016 made by 

consecutive image pairs (referred here as short sampling units). FireCCISFD11 was 

clearly the most accurate product at long sampling units (DC 77.0% and relB -9.0%), 

although one of the least accurate at short sampling units (DC 34.2% and relB -9.0%). 

FireCCI51 and MCD64A1 had similar accuracies at long sampling units, the former 

slightly higher.  

2 Introduction  

2.1 Purpose of the document 

The objective of this Product Validation Report version 2.0 is to describe and report the 

validation of MERIS Fire_cci version 4.1 (FireCCI41), MODIS Fire_cci versions 5.0 

(FireCCI50), MODIS Fire_cci version 5.1 (FireCCI51), the AVHRR LTDR Fire_cci 

version 1.0 (FireCCILT10), the Sentinel-2 Small Fire Dataset Fire_cci v1.1 

(FireCCISFD11) and the Sentinel-1 Fire_cci v1.0 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 1999). The Committee on Earth Observation Satellitesô 

Land Product Validation Subgroup (CEOS-LPVS) defines validation as: ñThe process 

of assessing, by independent means, the quality of the data products derived from the 

system outputsò (European Space Agency, 2007; Morisette et al. 2006).  

CEOS-LPVS defined four stages of validation, based on the coverage and type of 

reference data sampling (http://lpvs.gsfc.nasa.gov, accessed October 2018): 

1. Product accuracy is assessed from a small (typically < 30) set of locations and 

time periods by comparison with in-situ or other suitable reference 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 products has been 

evaluated over globally representative locations and time periods. Results are 

published in the peer-reviewed literature. 

3. Uncertainties1 in the product and its associated structure are well quantified from 

comparison with reference in situ or 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 been evaluated over globally representative 

locations and periods. Results are published in the peer-reviewed literature. 

4. Validation results for stage 3 are systematically updated when new product 

versions are released and as the time-series expands. 

Through the first decade of the 2000s, BA products were typically subjected to a first 

stage validation. Globcarbon (Plummer et al. 2007) and L3JRC (Tansey et al. 2008) 

were validated with independent data derived from 72 Landsat scenes globally 

distributed mostly from the year 2000; this can be referred to as stage 1.5 (i.e. better 

than stage 1 but not at stage 2). Stage 1 validation results were reported by Roy and 

Boschetti (2009) for the MODIS-MCD45 (Roy et al. 2008) product in southern Africa 

using 11 Landsat scenes, while Chuvieco et al. (2008) validated a regional product for 

Latin America using 19 Landsat scenes and 9 ChinaïBrazil 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 provided (Giglio 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. 2015). Later, Boschetti et al. (2016) 

improved the sampling by specifically including the temporal dimension at the sampling 

units, but leaving unsolved the stratification design and sampling allocation to optimally 

obtain precise accuracy estimates, and further did not report on any validation results 

with any reference data arising from the study. This was addressed by Padilla et al. 

(2017) and the main findings were implemented here. The sampling is critical in any 

validation, to make the most of the resources dedicated to generate reference data. It is 

particularly critical for the current Fire_cci Phase 2, as validation is intended to cover 

several years.  

                                                 

1 In the context of the CEOS-LPVS guidelines, here uncertainty refers to accuracy obtained from a 

validation exercise. Commonly uncertainty may be relates to the precision of an estimate. 

http://lpvs.gsfc.nasa.gov/
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As part of an effort to promote the acceptance of the remote sensing products by 

external communities, here we provide an independent validation analysis, including the 

assessment of temporal trends of accuracy. The independence is a critical characteristic 

of any validation assessment, since it assures that unbiased accuracies are obtained 

among products. Independence implies that validation datasets are not used during the 

design of BA algorithms, either for calibration or ñtuningò processes. The temporal 

variability of algorithm performance is one of the key validation aspects to be assessed 

according to end-user requirements (Heil et al. 2016). The validation then should 

provide a measure of whether results include temporal trends or not. For the current 

Fire_cci Phase 2, the reference datasets were generated to cover twelve years following 

a probability sampling, achieving therefore CEOS-LPV validation stage 3.  

For burned area assessment globally or regionally, the use of in-situ reference field data 

is not feasible. Therefore, remote sensing validation projects rely on images of medium 

spatial resolution of around 30 m. Moreover, this spatial resolution corresponds to that 

used by GCOS (2016) to define end-user requirements on product accuracies. 

Reference images are acquired simultaneously as to portray the same ground conditions 

as the input images from which the validating product is generated. Standard methods 

on the generation of BA reference data are described in detail by CEOS-LPV (Boschetti 

et al. 2009; Boschetti et al. 2010).  

Accuracy is characterized through cross-tabulation, by accounting for the spatio-

temporal coincidences and disagreements on estimates 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 objective of this validation is to achieve a CEOS-LPV stage 3 validation. This 

implies that the generation of a reference dataset must cover a multi-year time period. 

Reference data was generated to cover 12 years, from 2003 to 2014. A CEOS-LPV 

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 generated over Africa 2016 to 

validate the Small Fire Dataset (SFD). The SFD product is derived from S-1 and, 

independently, S-2 data. This separate sample uses consecutive images pairs ensuring 

large temporal overlaps with SFD BA estimates. Due to the lower temporal resolution 

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 products, , and for this reason temporal 

errors of the detection date of the SFDs are mitigated through the long temporal 

reference data extents. 

The PVR includes the validation of the MERIS Fire_cci version 4.1 (hereinafter 

referred to as FireCCI41; available for 2005-2011), the MODIS Fire_cci versions 5.0 

and 5.1 (hereinafter referred to as FireCCI50 and FireCCI51 respectively), the AVHRR 

LTDR Fire_cci v1.0 (hereinafter referred to as FireCCILT10), the Sentinel-2 Small Fire 

Dataset Fire_cci v1.1 (hereinafter referred to as FireCCISFD11) and the Sentinel-1 

Fire_cci v1.0 for Africa (hereinafter referred to as FireCCIS1A10). Additionally, for 

reference, the MODIS-MCD64A1 Collection 6 (hereinafter referred to as MCD64) was 

also included. The product of the Copernicus Global Land Service was withdrawn from 

the  analysis as it is already known to have lower accuracy (Padilla et al. 2015) than the 

MCD64A1 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 on the CEOS-CalVal protocol for the validation 

of burned area products (Padilla et al. 2014a). 

Reference perimeters were generated from multi-temporal comparison of medium 

resolution satellite imagery (Landsat TM), acquired from before and after the fire(s). 

After a semi-automatic mapping of burns, a systematic quality control was performed 

through visual inspection. Each reference dataset was reviewed by a óreviewerô 

interpreter (M. Padilla) and perimeters with errors were rectified by the óauthorô 

interpreter. The review process was done through visual inspection, alternatively 

displaying the pre- and post-images with the fire perimeters (derived from the semi-

automated algorithm) overlain with yellow lines, and no-data areas as blue non-

transparent areas. The reviews were done with the two interpreters (óauthorô and 

óreviewerô) physically at front of the same desktop, to ensure a good and fluid 

communication and that the improvements needed are clearly understood. This 

procedure was repeated until no visible differences between perimeters and visual 

inspection were identified.   

Based on the experience in Phase 1, the software used to generate reference data, 

ABAMS, was expected to be found too slow to process the large number of sampling 

units planned for the current phase. Around 2200 pairs of Landsat images were to be 

processed for the global sample for 2003-2014 and for the sample specifically designed 

for the validation of the SFD. That is more than ten times than what was processed in 

the Fire_cci Phase 1, 200 pairs of images. ABAMS requires the user interaction in two 

separate times: one for pre-processing of the data and the other for the actual 

classification. The classification is the most time consuming part. Under a supervised 

classification, where several classifications might be required until a suitable one is 

achieved, the time the algorithm needs to do one classification is critical. More 

importantly, the algorithms of the last versions of ABAMS included large departures 

from its publication of reference (Bastarrika et al. 2011). The main departure consisted 

in the removal of the spatial regional algorithm, one of the most important aspects of the 

original algorithm described in the publication. The remaining algorithm consisted of a 

classification based on thresholds defined by percentiles observed on training polygons. 

For these reasons, we decided to use a standard machine learning algorithm, the 

Random Forest classifier as described below, embedded in a system that ingest the 

reference images and produce the reference data with the specific Fire_cci formats. 

The semi-automatic procedure that was used to generate the reference data consists of 

two steps. In the first step, the pair (pre and post) reflectance satellite images are 

reformatted to be easily and efficiently used on the second step, the semi-automatic 

classification of burned/unburned area. The reformatting consists of a co-registration in 

a region of 30 km width (x) and 20 km high (y) located at the centre of the scene. This 

is consistent with the sampling design, explained below in Section 3.2.3. The output is a 

raster file with six bands, with the SWIR, NIR and RED bands of the two Landsat TM 

images. Further details can be seen in the documentation (Annex 2) of the Python script 

where this reformatting is implemented. This first step is automatic and can be 
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parallelized and be ready well before the interpreter starts with the second step, the 

semi-automatic classification. For the classification, the interpreter uploads the data in 

QGIS (www.qgis.org/, accessed October 2018) with pre-defined display settings to 

digitize the training polygons for burned and unburned areas, and optionally for clouds. 

The training data is used to fit a Random Forest Classifier (Breiman 2001; Pedregosa et 

al. 2011), which is a robust classifier used for land cover change detections (Wessels et 

al. 2016) and increasingly being used in burned area mapping (Ramo and Chuvieco 

2017). The classifier takes as input variables the Normalized Burn Ratio (NBR), SWIR 

and NIR of the pre- and post-dates, and the multitemporal index dNBR (NBR at image 

acquisition time 2 minus NBR at image acquisition time 1). These spectral regions and 

indices have been identified as very useful in discriminating burned areas (Giglio et al. 

2009; Goodwin and Collet 2014). Each revision of the classification process takes about 

1 second. The procedure consists in repetitive iterations of visual inspection, drawing of 

new training polygons in the software tool (reflecting those burned areas that have not 

yet been correctly classified, or those incorrectly classified as being burned) and 

classification until no further errors can be perceived on the visual inspection. 

Optionally, the classification can be overwritten by polygons digitized manually. Once 

the óauthorô interpreter is satisfied with the classification, it is then reviewed by the 

óreviewerô interpreter, which is the same for all reference datasets, and decides whether 

it is finalized or further rectifications are needed. 

The output is an ESRI® shape file with the reference data and metadata as defined 

below. Further details can be seen in the documentation (Annex 3) of the two Python 

scripts where this semi-automatic classification is implemented. Figure 1 shows an 

example of the fire perimeters discrimination. 

Parts of the scene that cannot be observed or interpreted, either by clouds or by sensor 

problems (i.e. SLC-off problems of ETM+) in one of the two images pre or post are 

classified as no-data. This is to make sure only areas with reliable data are included in 

the validation process.  

http://www.qgis.org/
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Figure 1: Example of a Landsat pre (above; 3 November 2003) and post (bellow; 19 November 

2003) fire RGB (7, 4, 3) images and the derived fire perimeters (yellow lines; same in both images), 

at WRS Landsat path-row 97-72 (northeastern Australia). 

3.1.2 Data structure and naming convention 

Each burned area reference file is an ArcGISTM shape file (.shp), along with the 

auxiliary files required (.dbf, .prj, shx, .sbn, .xml).  The projection is UTM, WGS84, 

with the UTM zone/row being the zone that is covered by the major part of the scene. 

The following attribute fields are included in the shape file (Table 1): 
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¶ PreDate. Acquisition date of the image taken before the occurrence of the fire: 

yyyymmdd (year, month, day).  

¶ PostDate. Acquisition date of the satellite image taken after the fire: yyyymmdd 

(year, month, day).  

¶ PreImg and PostImg. The pre- and post-fire image names, following this format: 

satellite-code_Path_Row (e.g. LT5_201_032). The satellite codes are given in 

Table 1.  

Table 1: Satellite-sensor codes naming convention 

Satellite-sensor Code 

Landsat-4 TM LT4 

Landsat-5 TM LT5 

Landsat-7 ETM+ LE7 

Landsat-8 OLI LC8 

 

¶ Area (in square metres, m2) 

¶ Category (Observation category): 

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

o No-Data = 2. This area includes all polygons that could not be 

interpreted or were not observed by the sensor, either by clouds 

and/or cloud shadows, topographic shadows, smoke, or sensor errors 

(for instance, those caused by SLC-off problems of ETM+) 

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. 

 

 

The name of the .shp and associated files is defined as follows: 

PRO_RD_YYYYMMDD_YYYYMMDD_PPPRRR 

where: 

PRO = Project where the reference data were generated. For the fire perimeters 

developed within the Fire_cci project, PRO=Fire_cci. 

RD = stands for Reference Data 
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yyyymmdd (year, month, date). The first one is the pre-fire date, which is the date of the 

first image used for BA detection; the second one is the post-fire date, which is the date 

of the last image used for generating the reference fire perimeters.  

ppprrr represents the Landsat Worldwide Reference System (WRS) path and row of the 

scene (in the case where no Landsat imagery was used, the closest path-row is selected): 

ppp=path; rrr=row 

3.1.3 Metadata 

The metadata of the reference files is written as an XML document. The metadata 

contains the author of the reference data file, their institution, the date of creation, the 

input data sources (names of satellite image files) and the reference of the website of the 

Fire_cci project. Annex 4 contains an example of a metadata file. 

3.2 Sampling design 

The sampling was designed with two main objectives: 

¶ To provide estimates that can be used to determine accuracy for specific spatial 

and temporal regions. To achieve this, the dimension of sampling units was 

defined in terms of spatial and temporal extents, as explained in Section 3.2.1. 

¶ To optimally allocate samples through a multi-year time period leading to 

accuracy estimates as precise as possible. To achieve this, a two-stage cluster 

sampling allocation was used with optimally defined strata, as explained in 

Sections 3.2.2 and 3.2.3. 

3.2.1 Sampling units 

The spatial dimension of sampling units was based on Landsat WRS-2 to simplify data 

downloading and processing (Padilla et al. 2014b; 2015). The spatial dimension of 

sampling units was defined by the Thiessen scene areas (TSAs) constructed by Cohen et 

al. (2010) and Kennedy et al. (2010) specifically for use with Landsat WRS-2 frames. 

The key advantage of TSAs is that they provide non-overlapping Landsat-like frames, 

which allow for a convenient computation of unbiased estimators (Gallego 

2005).Reference data is generated from two consecutive images acquired at the same 

TSA. Therefore, a sampling unit is delimited spatially by a TSA and temporally by the 

acquisition dates of consecutive images. 

For the global multi-year sample a sampling unit is defined by a pair of images, so the 

temporality is defined by the acquisition dates of the pair of images, as illustrated in 

Figure 2. For the sample of Africa 2016 a sampling unit is defined by consecutive pairs 

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

images, as illustrated in Figure 3, and nominally every 16 days for Landsat TM. 

Throughout the document, this sampling unit is referred as ñlongò unit, as for unit long 

in time. Contrarily, the unit defined by a pair of consecutive images is referred as 

ñshortò. The assessment of the products is carried out twice, once for the long temporal 

unit over a spatially limited area (Africa), and second over a short temporal unit for the 

global products and for a spatially limited area (Africa). 
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Figure 2: Illustration of short sampling units for a Thiessen scene area (TSA) on a three-

dimensional space. Each sampling unit is delimited spatially by a TSA (two-dimensions) and 

temporally (the third dimension) by the time between two consecutive Landsat images. Images are 

displayed as false colour composites with SWIR, NIR and red bands in the red, green and blue 

channels respectively. 

 

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

 

The size of a unit i, Mi, is defined by the multiplication of its size in the spatial 

dimension (in m2; area of the TSA) and its size in the temporal dimension (in days). 

Absolute values of Mi size will  change if other units were used, however Mi size will  

remain unchanged in relative terms. A unit i that is twice as large as another in m2Ādays 

is also twice as large in km2Āseconds, or in any other combination of units. The 

knowledge of sampling unit sizes is necessary for a later unit subsampling process, and 

is explained in the sections below. Two consecutive images form a pair whenever they 

were separated by 16 days or less. It is relevant to limit the time length between two 

consecutive observations to make sure the spectral signal of a fire that occurred between 

acquisition times is still present in the latest image. 

Landsat imagery with less than 30% of clouds at the USGS archive 

(http://landsat.usgs.gov/, accessed September 2017) and the temporal requirements 

between image pairs specified above limited the availability of reference data. Globally 

from 2003 to 2014 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 archive. In case the ESA archive had Landsat images other than those 

available at the USGS archive, the amount of available reference data would be larger 

than that reported here. Unlike at the present, at the time of designing the sampling the 

ESA archive did not offer the capability to download large amounts images as we 

required. Figure 4 shows the spatial distribution of such availability which appears to be 

affected by cloud global coverage patterns and by Landsat archiving strategies. Figure 5 

shows the temporal distribution of reference data availability with clear periodic peaks 

in the middle of the years and a large increase from 2013 onwards, produced by the 

Landsat 8 becoming operational. 

          

Figure 4: Spatial distribution of reference data availability for short sampling units. Percentage of 

time on Thiessen scene areas covered by Landsat TM  image pairs available at the USGS archive 

separated with 16 days or less between each other, from 2003 to 2014. 

 

Figure 5: Temporal distribution of reference data availability. Monthly percentage of area*time 

covered by Landsat TM  image pairs separated with 16 days or less between each other. 

Figure 6 shows the spatial distribution of data availability for multiple consecutive pairs 

of images covering 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 S-1 and S-2 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 covered by consecutive Landsat TM  image pairs 

available at the USGS archive separated with 16 days or less between each other covering at least 

100 days (sampling units at least 100 days long). Data 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 year, taking into account the major Olson biomes (Olson et al. 2001) and with 

special focus on regions with high and low fire activity. The stratification is based on 

three levels: 

¶ 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 acquisition date of the Landsat image pair. A yearly-stratification level is 

convenient as it brings flexibility when planning the data collection. Particularly 

it makes easy to expand the temporal period of study by adding complete years. 

¶ The second stratification level consisted in assigning each sampling unit to the 

major biome for which the TSA had the maximum area. 

¶ The third stratification level, as in Padilla et al. (2014b; 2015), is based on the 

BA extent provided by the MODIS-MCD64A1 Collection 5 product (Giglio et 

al. 2009). Sampling units are divided into high and low BA by using a threshold 

of BA specifically adapted to each year-biome stratum. The sample allocated in 

each year-biome is proportional to the total BA (."!) as recommended by 

Hansen et al. (1946) for a highly skewed distribution. Padilla et al. (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 allocation ."! would 

lead to standard errors of accuracy measures DC, relB, Ce and Oe (see Section 

3.3 for definitions of accuracy measures) around 25%, 50%, 50% and 10% 

larger respectively, compared with using allocation . "!.  

Given the available sample size for each year y and biome b (nyb), the threshold 

was selected to minimize the variance of BAyb, ὠὄὃ . MCD64 as with any 

other global BA product commonly misses small fires (Hantson et al. 2013; 

Randerson et al. 2012). If MCD64 misses small fires and they contribute a large 

area, the allocation method would be less effective. This same shortcoming is 

described by Hansen et al. (1946) on surveys for business sales, who highlighted 

that those errors would not introduce bias into the estimates, but would decrease 

the precision of estimates. 
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For the global sample of 2003-2014 with short sampling units and using a similar 

amount of effort in generating reference data as in Fire_cci Phase 1, it was foreseen a 

sample size of 100 sampling units per year y, ny, at the subsample rate specified later. 

For a 12-year period, that would amount to 1200 short sampling units. For the sample of 

Africa for 2016, 50 long sampling units were sampled, which leads to approximately 

1000 pairs of images (equivalent to the same number of short sampling units). Optimal 

nyb was defined with the proportionality of mean BA,  

ὲ ὲ
ὔ ὄὃ

ὔὄὃ
 

(1) 

At least two sampling units per stratum are needed to compute deviations of BA; hence 

an iterative process was used (Annex 5) to ensure that all nyb were Ó 4 while preserving 

as much as possible the optimal allocation. 

Then, each year-biome (yb) stratum was divided in two parts with an optimal BA 

threshold. Figure 7 shows the optimal thresholds for each yb stratum, in the scale of the 

cumulative sum distribution of BA (CS). It ranges from 0 to 1, and it represents the 

fraction of BAyb on the sampling units with lower BA than a specific threshold. For 

example, CSyb = 0.5 divides a yb in two halves, the one with the sampling units with less 

BA have the same total BA as the other half. CSyb = 0.2 makes the half with the 

sampling units with less BA to have the 20% of BAyb.  

 

Figure 7: Table with the selected BA thresholds ╒╢◐╫
ᶻ  for year y and biome b. Grey levels are 

proportional to threshold values. 

 

The consequent sample sizes nh for the global sample 2003-2014 are shown in Figure 8 

and the spatial distribution of 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 in Figure 10. 32 units were allocated in the high BA part of Tropical and 

Subtropical savanna and two in each of the other strata.  

 










































































