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1. Refine definition of user requirements. 

2. Improve current estimations of global burned 
area (based on European sensors: VGT-ATSR-
MERIS). 

3. Validate and compare existing BA global 
products. 

4. Test improvements of climate-vegetation-carbon 
models with new BA data.  

 

Fire Disturbance is part of the selected ECVs of ESA 
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User requirements 

Product  

specifications 

Geometric correction 

Calibrated reflectances 

Validation 

Atmospheric correction 

Global BA  

production 

Raw Data:  

ATSR, VGT, MERIS 

Water-snow- 

cloud masking  
Development of BA 

algorithms 

Testing of models 

Reference data 

Merging algorithm 
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ÅGrid product: 
ï22 layers: total burned area, standard error, 

% observed area, number of patches and 
burned area of each land cover. 
ï15-day files at 0.5 x 0.5 degree. 
ïNetCDF4 format. 

ÅBurned pixels (mixing different sensors 
whenever possible): 
ï4 layers: date of detection, confidence 

level, %Observed areas and burned cover. 
ïMonthly files, same tiles as landcover_cci, 

GeoTiff format. 
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In addition to standard tiles, the user will have a web tool to interactively select 
his/her target site and apply for personal downloads 
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External archives 

(ESA, VITO) 

(A)ATSR, MERIS 

L1b 

Inter-calibrated radiance / 

reflectance 

Cloud masking 

Atmospheric 

correction 

(A)ATSR, MERIS 

Snow masking 

Image matching / 

AMORGOS 

Water masking  

Improved L2 

reflectance 

(A)ATSR, MERIS 

as tiles of  

10° x 10° 

DEM VEGETATION 

L2 

Topographic 

shadow 

masking / 

correction 

(A)ATSR, MERIS 

SRTM, GSHHS 

Improved L2 

reflectance 

VEGETATION 

as tile of  

10° x 10° 
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Challenges for mapping BA in the 
fire_cci project 

ÅNeither of the three sensors was designed for 
BA mapping: 

ïATSR: Temporal frequency. 

ïVGT: Resolution, thermal channels. 

ïMERIS: Temporal frequency, spectral channels. 

ÅNew approach based on merging different 
sensors. 
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Band  Spectral  band  Resolution  Applications  

B0 0,43  -  0,47 µm  (blue)  1165 m  x 1165 m  
Oceanographic  applications/  
Atmospheric  corrections  

B2 0,61  -  0,68  µm  (red)  1165 m  x 1165 m  
Vegetation  photosynthesis  activity  

B3 0,79  -  0,89  µm  (near  IR)  1165 m  x 1165 m  

MIR 1,58  -  1,75  µm  (middle  IR)  1165 m  x 1165 m  Ground  and  vegetation  humidity  

2200 km swath width, daily coverage  

SPOT - VGT sensor  
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Time series minima 

Time series processing 
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Robust filtered time series 

Time series processing 
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Set of CPs with attributes 

Time series processing 
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MERIS algorithm: valid observations 
2008 

CANADA 

BRAZIL 

AUSTRALIA 

PT, SP & NA 
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MERIS min NIR 

Hot Spot from MOD14 

Seed phase 

Potential Active Fires (PAF) 

Cumulative distribution function (CDF) 
 built with PAF and unburned 

Aim: identify clearer burned 
pixels, avoid commission errors 

Statistics and thresholds are 
obtained regionally (tile) 

 

NIR drop 
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Aim: reduce omission from seed phase, while avoiding commission 

 

Test 3 conditions for seed neihgbour pixels:  
 - NIR < Growing threshold 
 - NIR drop from previous month 
 - DifGEMIneighbour > 0.9*DifGEMIseed 

Pixels to test 

Seeds 

Burned  
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Aim: reduce omission from seed phase, while avoiding commission 

 

Test 3 conditions for seed neihgbour pixels:  
 - NIR < Growing threshold 
 - NIR drop from previous month 
 - DifGEMIneighbour > 0.9*DifGEMIseed 

Pixels to test 

Seeds 

Burned  
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1                             180                         365 

DoY 

Day of the Year of BA detection 
MERIS (2008) v1.3 



Click to edit Master title style 

1                             180                         365 

DoY 

Day of the Year of BA detection  
MERIS (2008) v1.3 
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1                             180                         365 

DoY 

Day of the Year of BA detection  
VGT (2008) v1.3 
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Gridded Burned Areas from 
VGT (2008) v1.3 
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Gridded Burned Areas from 
MERIS (2008) v1.3 
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Gridded Burned Areas from 
Merging VGT+MERIS (2008) v1.3 
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Burned Area  

Grid products VGT+MERIS (BA from 
2008/06/22) 



Click to edit Master title style 

Burned Area  

Grid products VGT+MERIS (SE from 
2008/06/22) 
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Burned Area  

Grid products VGT+MERIS (Number 
of patches 2008/06/22) 
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Burned Area  

Grid products VGT+MERIS 
(Observed area from 2008/06/22) 
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Burned Area  

Grid products VGT+MERIS (Mosaic 
vegetation from 2008/06/22) 
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ÅPre fire   post fire           BA_result  

 

 

 

 

 
ÅYellow=not burned  

ÅBlue=no data (clouds,...)  

ÅRed=Burned  
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ÅTemporal sampling: 

ïSpatial representativity is low (10 sites). 

ïTemporal representativity is high (yearly mapping). 

ÅSpatial sampling: 

ïGlobal statistically selected. 

ïSpatial representativity is high, temporal 
frequency low (only 2008). 
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ÅFire perimeters were derived from multitemporal pairs of Landsat TM/ETM+ 
data.   

ÅAll files were documented following standard CEOS Cal-Val guidelines. 
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ÅάThiessen Scene Areasέ όTSAs) 

#Overlaps between Landsat frames and TSAs 
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ÅBiomes 
ÅBA occurrence: 

Each biome 
divided in two, 
according the 
80th percentile 
ÅSampling 

intensity 
ï5% at strata with 

high BA and 
0.5% at strata 
with low BA 

ÅChapter 1 

Modified from Olson 

GFED - 2008 
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Seasonal distribution and temporal 
gap 

Å Separated by < 32 
days in 83 of the 105 
sampled pairs  

Å Longer than 32 days 
only in Boreal, 
Mediterranean or 
Temperate Forests  

Å Maximum 144 days  
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ÅAll perimeters are visually controlled and 
validated by another person. If necessary, 
perimeters are adapted. 

ÅTo measure uncertainty of the validation data: 

ïThe ABAMS algorithm is run again by a blind tester 
for 5 scenes of different years. 

ïCross-tabulation and regression analysis is 
performed, measuring omission, commission and 
overall accuracy. 
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  Reference data   

Global 

product 
Burned Unburned 

Global 

total 

Burned p11 p12 p1+ 

Unburned p21 p22 p2+ 

Reference 
Total 

p+1 p+2 p=1 

Error matrix 

commission 

true burned 

omission 

true  
unburned 
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ÅGlobal accuracy. 

ÅError balance. 

ÅTemporal stability. 
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ÅAccuracy: 

ïOverall accuracy 

ïCommission error 

ïOmission error 

ïDice coefficient 
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ÅError balance:  

ïBias (B) = p1+ - p1+ = p12 - p21   

(=Quantity Disagreement: Pontius, 2011) 

ïRelative bias (relB) = (p1+ - p1+ ) / p1+  

 

ÅTemporal stability: based on metrics 
insensitive to BA prevalence. 
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Product OA(%) Ce(%) Oe(%) DC(%) B (%) relB(%) 

a  MCD64  99.6 (0.1)  42 (4)cdef  68 (4)cdef  42 (4)cdef  -0.17 (0.05)  -44 (7)  

b  MCD45  99.7 (0.1)  46 (4)cdef  72 (5)cf  37 (4)cdf  -0.17 (0.05)  -48 (8)  

c  Geoland2  99.6 (0.1)  74 (9)f  91 (4)  13 (5)  -0.23 (0.07)  -68 (9)  

d  fire_cci  99.2 (0.2)  87 (5)f  79 (5)cf  16 (5)f  0.21 (0.18)  62 (55)  

e  fire_cci_MERIS  99.6 (0.1)  64 (6)df  76 (5)cf  29 (5)cdf  -0.12 (0.04)  -34 (12)  

f  fire_cci_VGT  99.2 (0.2)  94 (4)  93 (2)  7 (3)  0.02 (0.22)  4 (54)d  

Padilla et al., submitted 

Product P11 P12 P21 P22 BA% 
MCD64  0.13  0.10  0.27  99.5  0.40  
MCD45  0.10  0.08  0.25  99.6  0.34  
Geoland2  0.03  0.08  0.32  99.6  0.35  
fire_cci  0.07  0.49  0.27  99.2  0.35  
fire_cci_MERIS  0.08  0.15  0.27  99.5  0.35  
fire_cci_VGT  0.03  0.40  0.38  99.2  0.41  

Error Matrices 

Accuracy metrics (Standard error) 
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ÅProbability that the pixel is actually burned (ProbPB) 

 

 

 

ÅRegression model for the burned pixels and ratio for 
the unburned ones 

ÅSample: 0.2·106 pixels, 80% for calibration and 20% 
for validation 
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CL NEI TC LC 

Explicative Variables 

Confidence Level (CL) Land Cover (LC) 

Neighbour BA (NEI) Biome (BIO) 

#Observations (NSO) Tree Cover in % (TC) 
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ÅUncertainty model for the 
pixels classified as burned 

R2 = 0.191 

 

 

ÅFor pixels classified as 
unburned 

ProbPB = 0.0305 

Uncertainty at the  Pixel Product 

Coefficient  P-value  

(Intercept)  -2.49169  8e-119  

CL  0.00005  3e-04  

NEI  0.03435  2e-178  

ÅAssessment of the uncertainty 
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ÅStandard Error (SEp) 

 

 

ÅExplicative variable: EBAp 

ÅSample: 685 0.5o  cells, 80% for 
calibration and 20% for validation 

 

ÅValidation of the Grid Product: 

EBApEpS i 10
ĔĔĔ bb+=

|| iii BApEBApSEp -=

EBAp = BA proportion estimated by the product 

BAp = BA proportion observed at the reference data 

Product (EBAp) 

Reference (BAp) 

Mean Square Error Linear regression equation 

Bias Coefficient of determination 

Relative Bias 
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ÅUncertainty model 

R2 = 0.329  

 

 

ÅAssessment of the uncertainty 

Uncertainty at the Grid Product 

Coefficient  P-value  
(Intercept)  0.021  3.9e-23  
EBAp  0.311  4.0e-39  

ÅValidation of the Grid 
Product 

Mean Square Error = 0.057  

Bias = -0.011 

Relative Bias = -0.29 

R2 = 0.58 

slope 
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ÅTrends between products: 
ïBurned pixels. 

ïDetection Dates. 

ÅProducts evaluated: 
ïGFED 

ïMOD45. 

ïFire_CCI: 
ÅVGT 

ÅMERIS 

ÅMerged VGT+MERIS. 
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Intercomparison of BA products 
(2006-2008) 
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Gridded Burned Areas from 
Merging VGT+MERIS (2008) v1.3 
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Gridded Burned Areas from 
MERIS (2008) v1.3 
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Gridded Burned Areas from 
GFED (2008) v1.3 
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Burned Area  

Differences GFED3-MERIS (2008) 

Only for differences ± 10% 
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Grid level comparison 
Average annual BA (2006-2008) 
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BA in different biomes and products 
(2008) 

ECOREGION GFED VGT MERIS MCD45 

AUST 266319 169482 223018 240141 

BOAS 120490 455767 106510 132766 

BONA 14465 142751 6350 8036 

CEAM 11648 33654 16153 14252 

CEAS 139938 191662 171311 210543 

EQAS 4239 19830 6068 1505 

EURO 5367 41641 12624 15727 

MIDE 6036 32162 6945 5010 

NHAF 1176668 257278 1275054 1195738 

NHSA 17754 34455 24726 6379 

SEAS 69744 82553 99912 70929 

SHAF 1315416 502814 1473301 1226237 

SHSA 133827 144701 188187 162230 

TENA 14524 119860 13118 17897 

GLOBAL 3296434 2228610 3623277 3307390 
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BA in different biomes and products 
(2008) 
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BA estimations of different products 
(based on 105 Landsat scenes) 

Landsat BA estimation 
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