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1. Refine definition of user requirements.

2. Improve current estimations of global burned
area (based on European sensors: \ A3 ER
MERIS).

3. Validate and compare existing BA global
products.

4. Test improvements of climateegetationcarbon
models with new BA data.

Fire Disturbance is part of the selected ECVs of ES,



Project flowchart

User requirements

A 4

Product
specifications

Raw Data:
ATSR, VGT, MERIS

h 4

Calibrated reflectances

Geometric correction

—

h 4

Development of BA
algorithms

y

Merging algorithm

A

| Global BA

|

production |

\ 4
Water-snow-
cloud masking

y

— Atmospheric correction

Validation

A 4

Testing of models

4

Reference data




User reqguirements

Contents lists available at SciVerse Sciencelirect iooa
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International Journal of Applied Earth Observation and
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Ten years of global burned area products from spaceborne remote q N
sensing—A review: Analysis of user needs and recommendations for 1 -
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future developments —
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Table &
spatial and temporal accuracy requirements for future BA products based on questionnaire to end-users.
Tolerable error (%) Omession (%) Commission {%) Ceolocation (m} Timing (days)
Mean Min-max Fean Min-max Mean Plin— max Mean Min-max Mean Min-max
ALL 5 020 5 010 4 0-20 1000 0-20000 2 0-30
Ideal MOD+DA 45 5 3.5 250 25
EO 55 5 4.5 1000 1.5
ALL 15 (5-30) 12 -0 [ [1] 0-30 H00a 5-50000 10 1-150
Reasonnable MOD-+DA 15 12 | [i] 500 11
EO 15 12 [ [1] H00a 5
ALL 5 (10500 2 0-50 17 00 &- 10000 15 2- 00
Minarmem MOD+DA a5 21 16 A0 20
EO a5 21 18 10,000 10




Target products

A Grid product: in

I 22 layers: total burned area, standard err
% observed area, number of patches ant
burned area of each land cover.

I 15-day files at 0.5 x 0.5 degree.
i NetCDF4 format.

A Burned pixels (mixing different sensor
whenever possible):

I 4 layers: date of detection, confidence
level, %0Observed areas and burned cove

I Monthly files, same tiles dandcover_cgl
GeoTiffformat.
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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



Global Processor
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fire cci project y

A Neither of the three sensors was designed for
BA mapping:
I ATSR: Temporal frequency.
I VGT: Resolution, thermal channels.
I MERIS: Temporal frequency, spectral channels.

A New approach based on merging different
Sensors.

Challenges for mapping BA In the(




VGTalgorithm

SPOT -VGT sensor
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Time series processing

Time series minima

Vs3_2_ Temporal profile -CP chosen: Tile: LL10_CC31_row: 488, col:70
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Time series processing

Robust filtered time series

Vs3_2_ Temporal profile -CP chosen: Tile: LL10_CC31_row: 488, col:70
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Time series processing

Set of CPs with attributes
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B Identify PAF = Build CDF burned and unburmned
"
Identify TB
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Seedphase

Aim: identify clearerburned
pixels avoidcommissiorerrors

Statisticsandthresholdsare
obtainedregionally(tile)

Potential Active Fire$PAF)

I mERIS min NIR

® Hot Spotfrom MOD14

- NIRdrop

Cumulative distribution function (CD
built with PAF and unburned

LO!

ercentile



Growingphase

Aim: reduceomissionfrom seedphase while avoidingcommissior

Test3 conditionsfor seedneihgbourpixels
- NIR <Growingthreshold

- NIRdrop from previousmonth

- DifGEMIneighbour 0.9°DifGEMIseed




Growingphase

Aim: reduceomissionfrom seedphase while avoidingcommissior

Test3 conditionsfor seedneihgbourpixels
- NIR <Growingthreshold

- NIRdrop from previousmonth

- DifGEMIneighbour 0.9°DifGEMIseed




Merging algorithm

Algo1l Algo1 Algo2
STEP ]/VGT// ATS/ /G'Ob; 300m W 300m
cover
10 N STEP 2
1km Merge m>100,
\\\ 2C
No A|g02 data \\\\ Merge 100m
STEP 3| Layers Aggregate

Pixel Grid deg
1-4 1-6



Day ofthe Yearof BAdetection

MERIS (2008) v1.3
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MERIS (2008) v1.3
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Day ofthe Yearof BAdetection
VGT (2008) v1.3

DoY

I i
1 180 365



Gridded Burned Areas from

VGT(2008)v1.3
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Gridded Burned Areas from

MERIS (2008)1.3
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GriddedBurnedAreasfrom

MergingVGT+MERIS (2008) v1.
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GridproductsVGT+MERIS (BAmM

2008/06/22)
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GridproductsVGT+MERISHrom

2008/06/22)
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Grid products VGT+MERIS
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A Yellow=not burned
A Blue=no data (clouds,...)
A Red=Burned



Validationapproaches

A Temporalsampling

I Spatialrepresentativityis low (10 sites.

I Temporalrepresentativityis high (yearlymapping.
A Spatialsampling

I Globalstatisticallyselected

I Spatialrepresentativityis high, temporal
frequencylow (only 2008).



Sitesfor validation
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Spatial units of the sample "~
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Stratificationcriteria

A Biomes

A BA occurrence:
Each biome
divided in two,
according the
80th percentile

\ (,‘;‘
J
Modified from Olson

. I Boreal Forest B Temperate Forest
A Sam p I I n g Lakes, rock and ice Temperate grassland and savanna
. . B Mediterranean Forest Tropical and subtropical savanna
IntenSIty Others W Tropical Forest
. . Burned area (km?)
I 5% at strata with _ ] perostn
I = 7 U TR 4000
high BA and K A I,
o . . 3000
0.5% at strata T gy (0
: > 2000

with low BA v W

1

GFED 2008




Seasonal distribution and temporal
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A All perimeters are visually controlled and
validated by another person. If necessary,
perimeters are adapted.

A To measure uncertainty of the validation data:

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

I Crosstabulation and regression analysis Is

performed, measuring omission, commission and
overall accuracy.



Fuzzy error matrix

Reference Data Global product E -
rror matrix
1.0
m i-ﬂ W o .1 Reference data
0.6
Global Global
0.4 " Burned Unburned
i 83 product total
Burned P11 P12 P+
Unburned  p, P22 P2+
Comparison Reference
Commissi Omissi P+1 P2 p=1
e sser - Total ' '
= . commission g 1.0 omission 1.0
0.8 0.8
- 0.6 0.6
0.4 04
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Remote Sensing of Environment 144 (2004) 187-196

Global accuracy.
Error balance.

Remote Sensing of Environment

journal hamepage: www.alsevier.com/locate/rse

Conterts lists available at ScienceDirect

Temporal stability

Validation of the 2008 MODIS-MCD45 global burned area product using @me,k
stratified random sampling

Marc Padilla**, Stephen V. Stehman ®, Emilio Chuvieco®
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Remote Sens. 2014, 6, 2050-2068; doi:10.3390/rs6032050
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Article

Assessing the Temporal Stability of the Accuracy of
a Time Series of Burned Area Products

Marc Padilla 1’*, Stephen V. Stehman 2, Javier Litago % and Emilio Chuvieco *

' Department of Geology, Geography and Environment, University of Alcala, €/ Colegios 2.

Alcala de Henares 28801, Spain; E-Mail: emilio.chuvieco@uah.es

[}

Department of Forest and Natural Resources Management, College of Environmental Science and
Forestry, State University of New York, Syracuse, NY 13210, USA; E-Mail: svstehma@syr.edu
Departamento de Estadistica y MGA, ETSI Agronomos, Universidad Politécnica de Madrid,
Ciudad Universitaria, Madrid 28040, Spain; E-Mail: javier.litago@upm.es

* Author to whom correspondence should be addressed; E-Mail: marc.padilla@uah.es;
Tel.: +34-91-885-4482: Fax: +34-91-885-4439.

ABSTRACT

The 2008 global burned area product MODE-MOD45 was validated and accuracy measumes were estimated glob-
ally and for several terrestrial biomes, Stratified random sampling was used to seleat 102 non-overlapping
Thiessen scene areas [ TSA) and reference fire perimeters were determined from two multi-temporal Landsat
TM/ETM + images for each sampled TSA Error matrices and six accuracy measures were chosen to satisfy criteria
spedfied by end-users of burned arca products. Globally, MODIS-MD45 had estimated commission and omis-
sion error rates of 46% and 72% mspectively, and a Dice coefficient of 0.37, Burned area extent tended to be
underestimated as the MODE product deteded an egimated 48% of the burned area as determined from the ref-
erence data. The two biomes with highest accuracy were Boreal Forest and Tropical & Subtmopical savanna, twoof
the mast Are-prone biomes. In general, accuracy slightly improved in those areas where burned area was more
prevaknt

@ 2014 Ebevier Inc. All rights reserved



Validationmetrics (1/2)

A Accuracy:

I Overall accuracy OA=p,,+ P,

I Commission error Ce=p,/p,

| O.mlssmn .er.ror Oe=p,./ p.,

I Dice coefficient

DC = 2p11 — (1' Ce)'p1+ + (1' Oe)'p+1
2P, Pyt Py P T Py

(@) Ref DC =0.66 (b) Ref DC=0.50
Map B uB OA=0.70 Map B uB OA =0.80
B 0.30 0.15 Ce=0.33 B 0.10 0.10 Ce =0.50

uB 0.15 0.40 Oe =0.33 uB 0.10 0.70 Oe =0.50




Validation metrics (2/2)

A Error balance:
I Bias (B) =R~ P1+= Pro- P2y
(=Quantity Disagreement: Pontius, 2011)
I Relativebias (elB) = (R, -P1s) / P14

A Temporal stability: based on metrics
Insensitive to BA prevalence.



Global accuracy for v1.3 (2008(%a

Error Matrices

0.13 0.10 0.27 99.5 0.40
0.10 0.08 0.25 99.6 0.34
0.03 0.08 0.32 99.6 0.35
0.07 0.49 0.27 99.2 0.35
0.08 0.15 0.27 99.5 0.35
0.03 0.40 0.38 99.2 0.41

Accuracy metric§Standard error)

[Product ___|OA(%) _[Ce(%) 0e(%) _IDC(%) (B (%) __|relB(%) |
ziMCD64 99.6 (0.1) 42 (4y9ef 68 (4ydel 42 (4yeef  -0.17 (0.05 -44 (7)
BIMCDA45 99.7 (0.1) 46 (4¥%" 72 (5% 37 (4yf  -0.17 (0.05 -48 (8)
| Geoland2 99.6 (0.1) 74 (9) 91(4) 13 (5) -0.23 (0.07 -68 (9)

tlfire_cci 99.2 (0.2) 87 (5§ 79 (5% 16 (5J 0.21 (0.18 62 (55)
Hfire_cci_ MERIS99.6 (0.1) 64 (6)f 76 (5§ 29 (5}  -0.12 (0.04 -34(12)
Mfire_cci VGT 99.2(0.2)94(4) 93(22) 7(3) 0.02 (0.22 4 (54

Padilla et al., submitted



Uncertaintyfor the PixelProduct (ma

A Probability that the pixel is actually burneféroh,p)

ExplicativeVariables
1 Confidence Level (CL) Land Cover (LC)
Neighbour BA (NEI) Biome (BIO)
#Observations (NSO) Tree Cover in % (TC)

Prob,g; = lve?

A Regression model for the burned pixels and ratio for
the unburned ones

A Sample: 0.2-1pixels, 80% for calibration and 20%
for validation

CL

W,
S é%f :
- 3
¢ J“k;:

i

10000
5000
0

NEI

81
40.5

TC

LC




Uncertainty at the Pixel Produ(ma

A Uncertainty model for the A Assessment of the uncertainty
pixels classified as burned

R=0.191 g 3 _
Coefficient P-value E, — C
(Intercept)  -2.49169 8e-119 2 3+ ol
CL 0.00005 3e-04 = T =
NEI 0.03435 2e-178 S - . |

. . 00 05 1.0
A For pixels classified as

unburned
Proh,g= 0.0305

Product — Probpg



Uncertaintyat the Grid Product tmﬁ

A Standard Error§Ep

= = = EBAp = BA ti timated by th duct
Ep. — @ + @EBAp p propo-r ion estimated by the produc
BAp = BA proportion observed at the reference data

SEp =|EBAp - BAp |
A Explicative variableEBAp

A Sample685 0.3 cells 80% for Reference BAD)
calibration and 20% for validation L .

0.00

A Validation of the GridProduct:

Mean Square Error Linearregression equation
Bias Coefficient of determination & 0.02
Relative Bias 0.00

Product(EBApP




Uncertaintyat the Grid Product (‘kﬁ

A Uncertaintymodel A Validation of the Grid
R=0329 Product
Coefficient P-value Mean Square Error = 0.057
(Intercept) 0.021 3.9e-23 e —
EBAp 0.311 4.0e-39 Bias =0.011

Relative Bias #€.29
A Assessment of the uncertainty

0.8
|

=058 .

0.6

0.6
I

Product - EBAp
0.2 0.4
Product - EBAp
02 04

0.0

Reference - BAp Reference - BAp



Intercomparisoranalysis

A Trends between products:
I Burned pixels.
I Detection Dates.

A Products evaluated:
i GFED
I MODA45.
I Fire CCI
AVGT

AMERIS
AMerged VGT+MERIS.



Intercomparisorof BA products

(20062008)
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GriddedBurnedAreasfrom

MergingVGT+MERIS (2008) v1.
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Gridded Burned Areas from

MERIS (2008)1.3
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Gridded Burned Areas from

GFED (2008)1.3
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Grid levelcomparison

Average annual BA (20®08)
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BA Indifferent biomesand products”

(2008

ECOREGION GFED VGT MERIS MCDA45

AUST 266316 169482 22301¢ 240141
BOAS 12049C 45576 10651( 13276¢
BONA 144685 142751 6350 8036
CEAM 1164¢& 33654 16153 142572
CEAS 13993¢ 191662 171311 210543
EQAS 423 1983C 6068 1503
EURO 53671 41641 12624 15727
MIDE 6036 321672 6945 501C
NHAF 117666¢ 25727¢ 1275054 119573¢
NHSA 17754 34455 2472¢ 6379
SEAS 69744 82553 999172 7092¢
SHAF 131541¢ 502814 147330 1226231
SHSA 133827 144701 18818 16223(
TENA 14524 11986( 13118 17897
GLOBAL 3296434 222861( 3623271 330739(

CEAM Central America

EURO Europe
MIDE Middle East

BONA Boreal North America
TENA Temperate North America SHAF

BOAS

NHSA  Northern Hemisphere South America CEAS
SHSA  Southern Hemisphere South America SEAS

EQAS
AUST

NHAF Northern Hemisphere Africa

Southern Hemisphere Africa
Boreal Asia

Central Asia

Southeast Asia

Equatorial Asia

Australia and New Zealand



GFED3

GFED3
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BAestimations of different products_.

(based on 105 Landsat scenes) b
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BAtrends of different products («n&



