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Summary

The aim of Option 3 is to provide Sentinel-1 burned area products over a large
demonstrator area (LDA) located in tropical South America. This document supplements
the deliverable O3.D1 Algorithm Theoretical Basis Document (ATBD) — Small Fires
Dataset (SFD) for the large demonstrator area (LDA) in South America where the BA
algorithm is described.

The document is comprised of three main parts describing preliminary results of the
algorithms implemented for SAR pre-processing and burned area detection. The first part
describes the evaluation of the SAR pre-processing chain (based on Orfeo ToolBox,
OTB) selected for pre-processing the Amazon large demonstrator area (LDA). The OTB
chain is evaluated against the Gamma Remote Sensing (GRS) chain. The comparison was
necessary as the Burned Area (BA) algorithm was developed using ground range detected
(GRD) images pre-processed through the GRS chain available at the start of Option 3.
Comparison of the two chains was essential to understand BA algorithm transferability
from the development environment (GRS-based) to the cloud environment (OTB-based).
The geometry and the radiometry of the output Sentinel-1 imagery were assessed.

The second part of this document focuses on BA algorithm performance as a function of
GRD processing chain. The test was carried out over a single processing tile.

The third part of this document describes the preliminary validation of the Burned Area
(BA) algorithm as well as the processing speed and accuracy at two different spatial
resolutions (20 and 40 m). The preliminary validation was carried out over five tiles using
reference burned areas generated from Landsat 8 images, as per O3.D1 Algorithm
Theoretical Basis Document (ATBD) — Small Fires Dataset (SFD) for the large
demonstrator area (LDA) in South America. The processing speed and accuracy as a
function of spatial resolution was tested over two tiles.
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1 Executive Summary

Option 3 uses the systematically distributed Sentinel-1 Level-1 Ground Range Detected
(GRD) data to detect burned area over a large demonstrator area (LDA) located in the
Amazon basin. Detailed information on the Sentinel-1 system and the Burned Area (BA)
algorithm are available in [RD-2]. This deliverable documents the quality of the selected
SAR pre-processing chain and provides the preliminary validation of the BA algorithm
developed within Option 3.

A processing chain based on the Orfeo ToolBox (OTB) was selected to pre-process
Sentinel-1 GRD data over the Amazon LDA. Since the development of the BA algorithm
was carried out on GRD data processed through a different pre-processing chain (based
on libraries from Gamma Remote Sensing, GRS), there was a need to validate the
geometry and radiometry of the two pre-processing chains to ensure their compatibility.
Comparison of the two pre-processing chains was based on the outputs from a single test
area. As the GRS pre-processing chain was set-up and tested within prior projects, its
optimal processing parameters were known. For OTB, different processing parameters
were trialled, and the results were tested (geometry and radiometry) against the GRS
outputs (i.e. reference). The comparisons show that geometrically, OTB and GRS are
closely matched. However, the radiometry of the OTB outputs was different
(considerably noisier). The cause was identified as a lack of multi-looking intermediate
step when generating lower spatial resolution products. To compensate this, OTB pre-
processing was carried out at 20m (native S-1 GRD resolution) and the results were
aggregated to 40 m spatial resolution. This post-processing aggregation step was added to
the original OTB processing chain.

For BA implementation over large areas, the performance of the algorithm (processing
speed and accuracy) needs to be evaluated at different spatial resolutions. The analysis
was needed to ensure an optimum selection of the spatial resolution for GRD data pre-
processing. A pre-condition of such an evaluation, however, was the selection of the
optimum pre-processing chain for GRD data from BA algorithm perspective. To this end,
the BA algorithm was evaluated on GRD data processed through both pre-processing
chains to ensure that classification results are similar. The results showed that accuracy
metrics do not depend on the GRD pre-processing chain with (overall accuracy (OA),
Producer and User accuracy) varying marginally. Such small variations constitute further
evidence on the compatibility of two GRD pre-processing chains. In terms of speed and
consistency, the BA algorithm needed eight times longer to process one tile when the
spatial resolution was halved from 40 to 20 m. The accuracy of the classification did not
change drastically when working at the two spatial resolutions with OA remaining
constant, while variations of +2-5% were observed for OE and CE. Considering these
results, a spatial resolution of 40 m was selected. Such a resolution ensured a balance
between BA precision (commission and omission errors) and algorithm processing time.

Once optimum parameters (i.e., spatial resolution) for the BA algorithm were established,
the preliminary validation of the BA algorithm was carried out using as set of three
independent datasets (MGRS tiles 18NXG, 19LGL, and 20LQQ). The results show
average omission and commission errors of 31% and 38% respectively. It is necessary to
notice that the reference datasets derived from Landsat are also subjected to errors and
that temporal mismatches between Sentinel-1 and the reference data may have further
influenced the agreement between the Sentinel-1 detected map and the Optical based
reference data.
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2 Introduction

2.1 Purpose of the document

The objective of this document is to describe the inter-comparison results between GRS
and OTB S-1 pre-processing chains. The document provides a quantitative assessment of
the BA algorithm accuracy using independent datasets. This document complements the
03.D1 Algorithm Theoretical Basis Document - ATBD [RD-2].

2.2 Applicable Documents

[RD-1] | Option 3, Radar Burn Ratio for burnt area detection and mapping, Proposal
prepared for ESA on September 12, 2016. Option to ECV Fire Disturbance
Phase-2 project.

[RD-2] | Algorithm Theoretical Basis Document (ATBD) — Small Fires Dataset (SFD)
for the large demonstrator area (LDA) in South America

2.3 Background

The goal of BA detection algorithms is providing information about land cover state.
Since inference processes (models) are affected by errors there is an element of
uncertainty regarding the results produced using remote sensing data. The quality of the
input data influences the ability to detect burned areas. Therefore, the quality of remote
sensing data and the derived products needs to be characterized quantitatively to facilitate
critical information on product reliability to the end users.

The BA algorithm developed in Option 3 uses temporal time-series of the backscatter
coefficient to identify changes and associate them with biomass burning events as
described in [RD-2]. The backscatter coefficient gives an indication of the amount of
energy that is returned from the surface. The algorithm considers multi-temporal changes
of incoherent SAR-based metrics (e.g. backscattering coefficient intensities). For an
efficient BA detection, the SAR processing chains need to provide multi-temporal series
of co-located pixels (very accurate geometry) as well as low pixel-wide noise needed for
change detection and classification. Therefore, SAR pre-processing outputs need to be
evaluated for spatial accuracy and consistency as well as radiometric quality (noise
levels).

Algorithm deployment over large areas is conditioned by its performance (speed) and
accuracy. Both parameters are influenced by the spatial resolution to which products are
processed as omission and commission errors are highly depended on the pixel size and
the processing speed increases linearly with decreasing pixel size. Therefore, assessing
the effect of spatial resolution on processing times and product accuracy metrics was
essential for selecting the optimum pixel size for BA algorithm deployment. Accuracy of
the results was characterized through cross-tabulation against reference datasets, not used
during the BA algorithm development, by accounting for the spatio-temporal
coincidences and disagreements. The approach is widely used in BA mapping projects.
(Boschetti et al. 2004; Boschetti et al. 2016; Chuvieco et al. 2008; Giglio et al. 2009;
Padilla et al. 2014; Padilla et al. 2017; Roy and Boschetti 2009). The reference maps are
derived from medium spatial resolution images (Lansdat 8) using the Burned Area
Mapping Software (BAMS) as described in [RD-2]. One should bear in mind that cross-
tabulation based on ancillary reference datasets derived from remote sensing data
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acquired by other sensors, largely indicates the agreement between BA products as the
accuracy of the reference dataset is not known. In addition, mismatches between sensors
passes may results in disagreements of the detected burned area due to the different
acquisition dates.

3 Sentinel-1 pre-preprocessing

Option 3 uses the systematically distributed Level-1 Ground Range Detected data which
need further processing to allow for burned area detection. To fulfill the requirements of
the BA algorithm, multi-temporal series of co-located pixels and low pixel-wide noise,
two SAR data pre-processing chains were compared: 1) the Gamma Remote Sensing
(GRS), and 2) Orfeo ToolBox (OTB) pre-processing.

The OTB chain was developed at the Centre of the Study of the Biosphere from Space
(CESBIO) and is distributed (since April 2017) under an open access General Public
License (GPL). The proprietary GRS SAR pre-processing chain was used for GRD data
pre-processing in areas selected for BA algorithm development as it was available at the
start of Option 3 (October 2016). The two chains share a similar approach with major
differences regarding the output geometry, orbital strips for GRS and tiles (100 km
Military Grid Reference System) for OTB. A further difference is the existence of a co-
registration step in the GRS chain. As Sentinel-1 orbital vector information is highly
accurate the co-registration step was deemed unnecessary in the OTB pre-processing
chain. Since the BA algorithm considers multi-temporal changes of incoherent SAR-
based metrics (i.e. backscattering coefficient intensities) the geometry (co-located pixels)
and radiometry (noise level) of the pre-processed GRD images are of crucial importance.
Precisely co-located temporal stacks of pixels are needed to ensure that detected multi-
temporal changes are not caused by spatial miss-registration. At the same time, low noise
levels (~100 equivalent number of looks, or ENL) are needed when mapping land cover
at pixel level (Quegan et al. 2000). Noise reduction may be achieved through spatial
aggregation (multi-looking) or multi-temporal filtering (MTF). As multi-looking reduces
the spatial resolution of the output products it is often combined with MTF to achieve the
required ENL and preserve higher spatial resolution of the SAR data. This latter approach
is preferred when sufficient multi-temporal datasets are available.

3.1 GRS pre-processing chain

The GRS SAR pre-processing chain is automatized through MATLAB scripting. Data
processing includes various steps which might be summarized as pre-processing, co-
registration, and geo-referencing (Figure 1).

Data preparation Co-registration Geocoding

- - - - . Temporal filterin,
GRD data import Orbital strip formation Co-registered p. oo = Ba.csksczftter
. " i | ' Spatial filtering intensity
slices calibration > Co-registration — MLls " X
N . Geocoding (projected)
(Orbit xxx) multi-look (+ error check) /77

Figure 1: Flowchart for SAR data processing with Gamma Remote Sensing

Data preparation: processing starts by organizing GRD data into relative orbits.
Processing parameters are also set: output spatial resolution, the type of filtering (spatial
and/or temporal), the desired co-registration method, as well as the use of topographic
normalization. GRD data are extracted and imported into a format readable by the
Gamma Software using the information provided in the annotation files (metadata,
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calibration, and noise). Checks are included to ensure images from the same relative
orbital path are processed within a given run. The result is a multi-looked image (MLI) in
slant range geometry accompanied by a parameter file describing its properties (e.g.
acquisition date/time, range and azimuth resolutions, orbital state vectors).

Co-registration: MLI data slices are assembled to form the original orbits prior to co-
registration and the state vectors are updated using precise orbit determination (POD).
Strips of MLI data, acquired from the same orbital path are co-registered using as
reference the first image of the data series. Offsets with respect to the reference image are
automatically collected for the remaining (slave) images using a cross-correlation
algorithm (Werner et al. 2005). MLI slave strips are re-sampled to the geometry of the
reference image (master). By default, each image is multi-looked in range and azimuth to
obtain a ground pixel spacing of approximately 50 m (the spatial resolution desired for
the subsequent analysis). During multi-looking MLI strips are re-calibrated to the
normalized radar cross-section gamma-naught backscatter coefficient.

Geocoding: is based on a lookup table describing the transformation between the radar
and the map geometry (Wegmdiller et al. 2002). The lookup table is generated using the
Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) and the
orbital information of the SAR sensor. Each MLI strip is topographically normalized to
correct for the radiometric distortions introduced by the rough topography, the varying
incidence angle from near to a far range and the effective pixel surface (Frey et al. 2013).
Multi-temporal filtering (1) is applied to further reduce speckle while preserving spatial
resolution after multi-looking (Quegan et al. 2000). The lookup table is subsequently
used to transform the normalized, multi-temporal filtered MLI images (master and slaves)
to the cartographic projection of the DEM used to generate the lookup table.

Je(x,y) = E[Il] (1)

Where N is the number of co-registered images, intensity in the kth image at position (x,y)
is denoted by Ix(x,y) and E[I] is the local mean value of pixels in a window centered at
(x,y) in image 1.

3.2 OTB pre-processing chain

The Sentinel-1 OTB chain is the tool for Sentinel-1 GRD data tiling and processing to the
100 km MGRS tiles used by the Sentinel-2 processing system. The chain is highly
scalable (multithreading/multiprocessor) and autonomous once few parameters are set.
The chain also deals with data download from the PEPS (Plateforme d’Exploitation des
Produits Sentinel) repository that mirrors ESA’s Scihub. S1-OTB processing may be
grouped in several steps, pre-processing, and geo-referentiation and temporal filtering
(Figure 2).

Data preparation Geocoding // —
AOI/Tile MGRS grid > Temporal filtering \
selection L

// / / \ / Bacskscatter
_ GRD [ calibration / Calibrated Geocoding Bacskscatter intensity
image list  / \\\ / MLUIs MLI tllmg sty (projected
_ _ & flltered)

(projected)
T

Figure 2: Flowchart for SAR data processing with OTB
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The pre-processing steps includes data download (ascending and descending passes)
according to the specified MGRS tiles and calibration to gamma or sigma nought. The
geocoding step includes orthorectification to the desired spatial resolution, data subset to
the current processing tile as well as slice assembly for data acquired from the same
orbital path but provided within different slices. The last step is multi-temporal filtering
of the products according to satellite pass. Compared to GRS, the OTB chain is
characterized by lacking the co-registration and multi-looking steps, which may have
influence on the output geometry and respectively radiometry.

4 GRS vs. OTB: S1 pre-processing inter-comparison

4.1 Geometry

Comparison of outputs from the two processing chains were carried out over one MGRS
tile (49MGT) located in a tropical forest in the island of Borneo, Indonesia (Figure 3).
The area was selected as it was previously used within other projects (Tanase et al. 2015).
This area also lays within Fire_cci RSS special case study on fire emissions.

© OpenStreetMap (and)
contributors, CC-BY-SA

sl Legend
MGRS 100km tiles

Backscatter coefficient: 2015/05/09
(linear scale, HV polarization)
1A

10 © OpenStreetMap (and) 30 © OpenStreetMap (and)
km contributors, CC-BY-S4 Jkm contributors, CG-BY-SA 0.0001

Figure 3: Area used for GRS vs. OTB pre-processing inter-comparison. The left panel shows OTB
output for tile 49MGT. The center panel shows GRS output for relative orbit 3 descending (3D)
which includes the area covered by tile 49MGT shown in the left panel

Output geometry of GRS and OTB products correspond at pixel level for the same spatial
resolution (Figure 4). Such correspondence was expected as both processing chains use
the orbital state vectors during orthorectification. The results confirm the redundancy of
co-registration step which may be safely switched off when using the GRS processing
chain (i.e., shorter processing time). One should notice that the output geometry analysis
was not geared towards demonstrating the absolute geolocation accuracy of the Sentinel-
1 products since such studies already exist (Schubert et al. 2015). The multi-temporal
analysis of the OTB outputs’ geometry shows pixel level correspondence (Figure 5),
confirming the multi-temporal stability of the orbital state vectors. As such, temporal
changes detected through the BA algorithm can be considered genuine changes due to a
changed scattering process and not due to miss-registration errors.



? i Fire_cci Ref.:  Fire_cci_03.D3_Int.Val.-SFD-SA_v1.0
("“ Il:E Intermediate validation results: SAR pre- Issue 1.0 Date 25/01/2018

processing and burned area detection Page 11

-p
(e

Figure 4: Spatial correspondance between GRS (left) and OTB (right) outputs at two locations. SAR
image acquired on 2015/05/09. Red crosses shows the coordinates of the geo-linked outputs.

=

Figure 5: Multi-temporal spatial correspondance of OTB outputs at 50 m resolution. From left to
right, SAR images acquired on 2015/05/09, 2015/06/02, 2015/06/26, and 2015/07/20. Red crosses
shows the same coordinates of the geo-linked OTB outputs.

4.2 Radiometry

Outputs radiometry was analyzed by comparing the equivalent number of looks (ENL).
ENL is an important parameter in statistical modeling of multi-look synthetic aperture
radar (SAR) images. ENL describes the degree of averaging applied to the SAR
measurements during data formation and post-processing (Anfinsen et al. 2009). Multi-
looking is required to moderate speckle (noise like interference), a characteristic of all
coherent imaging systems, and takes place either in the frequency domain or as a post-
processing operation (after SAR focusing). In this process, correlated measurements are
averaged. The ENL describes the number of independent measurements out of the total
number of the correlated samples averaged. ENL influences the accuracy of the
information from multi-looked SAR data and its values are needed particularly for
applications focused on pixel-level classification and change detection (Quegan et al.
2000).

The ENL, computed as the ratio between the squared mean backscatter and the squared
standard deviation, is commonly estimated by identifying homogeneous regions in an
image, where the speckle is fully developed, and contribution of texture is negligible,
meaning that the radar cross section is assumed to be constant (Anfinsen et al. 2009).
Such conditions are often encountered over homogeneous forests, with undisturbed
tropical forest being particularly suitable as environmental conditions are largely stable.
Therefore, ten homogeneous areas (600 to 10.000 ha polygons) have been selected within
tropical forests located in the 49MGT MGRS tile (Figure 6) and used for ENL
computation. The ENL value was computed for each polygon and then averaged. Table 1
shows the average ENL value for different OTB outputs depending on the selected
processing parameters. For comparison it also shows the ENL values of the GRS outputs.
One should notice that both, GRS and OTB processing chains were applied over the same
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temporal period (2015/05/01 to 2015/12/30) to avoid influencing the results of the multi-
temporal filtering algorithm which depends on the number of input images. OTB
processing was carried out at different spatial resolutions (10, 20, 30 and 50 m) and using
with different spatial filtering windows (5, 7, 9 pixels wide). GRS processing was carried
out at a fixed (50m) spatial resolution and the ENL was compared for two types of data
(unfiltered and temporally filtered).

Philippines
w®;
ysia

B ndonesia

© OpenStreetMap (and)
contributers;! €C-BY-SA

Legend
[ ] MGRS 100km tiles
Cl Areas for ENL computation

1.1
Backscatter coefficient: 2015/05/09
' (linear scale, HV polarization)
0.0001

© OpenStreetMap (and)
contributors, CC-B -S/I\

Figure 6: Area used for the computation of the Equivalent Number of Looks (ENL).

Table 1: The Equivalent Number of Looks (ENL) as a function of processing parameters and
filtering windows for S1 images process through OTB and GRS pre-processing chains. Results for
tile 49MGT, Borneo, Indonesia. GRD data acquired between 2015/05/01 and 2015/12/30 were used

for multi-temporal filtering. ENL computed for the image acquired on 2015/05/09. In grey,
aggregated products.

Processing Processing parameters ENL
chain Spatial resolution (m) Filtering window (pixels)

10 7 24.8

20" NA 235

50° NA 80.1

20 7 27.5

40" NA 70.0

OTB 30 5 27.3
30 7 27.9

30 9 28.2

50 5 27.2

50 7 21.7

50 9 28.0

GRS 50 unfiltered 29.7
50 3 73.6

50 additive* 81.4

* pre-filtered images (Frost filter, 3 pixels window size) are used to compute the
local statistics needed for multitemporal filtering.

! Aggregated product starting from the 10m output

2 Aggregated product starting from the 20m output

Table 1 shows the small difference in ENL (~3.5) between OTB products processed at
increasing spatial resolutions (10, 20, 30, and 50m) as well as the marginal difference
(<1) between OTB products processed at the same spatial resolution (30 or 50m), but
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using different filtering windows sizes. At the same time, the GRS MTF product shows a
significantly larger ENL (73.6) as opposed to ENL values between 25 and 28 for the
OTB MTF outputs.

The large discrepancy was attributed to a missing multi-looking step before
orthorectification for the OTB pre-processing chain. The lack of multi-looking results in
resampling noisier, high-resolution SAR data to lower spatial resolutions. Without prior
multi-looking, the added benefit of speckle reduction is lost. A workaround, addressing
the OTB pre-processing lack of multi-looking, was implemented in the form of 1) SAR
data processing at a spatial resolution of 20m (the full resolution of Level-1 GRD
products) followed by 2) pixel aggregation (multi-looking in the spatial domain) of the
MTF images to 40 m resolution. Indeed, after applying the solution above, the ENL of
GRS and OTB were more similar (81.4 vs 80.1). Notice that direct comparisons of ENL
from temporally unfiltered data with ENL of temporally filtered data does not provide
meaningful results.

5 GRS vs. OTB: BA inter-comparison

To understand the effect of SAR data pre-processing chain on BA detection accuracy, the
algorithm described in [RD-2] was applied over one validation tile (20LQQ) processed
through GRS and the OTB chains (Figure 7). Overall accuracy (OA), commission (CE),
and omission (OE) errors were computed with respect to the burned area detected from
Landsat 8 (Path/Frame 230/066). Eight Sentinel 1 images were available for April to
October period albeit one (20.08.2016) was not processed with the GRS chain (Table 2).
Seven Landsat images (Path/Row 233/066) with cloud cover below 30% were available
between May and September 2016 over the same area (Table 2). The difference in burned
area OA for Sentinel-1 data processed through OTB and GRS chains was rather small
(3%). The difference in omission errors was slightly higher (7%) with OTB chain
showing the better results. The much lower commission errors observed for the OTB
chain may be linked to the availability of one more data (20.08.2016 image) during the
analyzed period, thus maintaining the frequency of Sentinel 1 datasets to at least one per
month (notice the 12 weeks gap between July 3™ and September 25" for the GRS time
series in Table 3). Apart from the larger commission errors, patterns of detected burned
area were similar for the two processing chains (Figure 7).

Table 2: Acquisition dates for Sentinel 1 (MGRS 20LQQ) and Landsat 8 (Path/Row 230/066)

Sentinel-1 acquisition dates Landsat 8 acquisition dates
22.04.2016 20.08.2016* 01.05.2016 05.08.2016
16.05.2016 25.09.2016 18.06.2016 | 06.09.2016
09.06.2016 7.10.2016 04.07.2016 22.09.2016
03.07.2016 19.10.2016 20.07.2016

*not processed within the GRS chain
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Table 3: Map accuracy as a function of Sentinel-1 pre-processing chain.

Reference BA from Landsat 8 gap filled with Sentinel-2 MGRS
Processed at 50 m by GRS* Processed at 50 m by OTB tile
OA OE CE OA OE CE
20LQQ
0.943 0.64 0.75 0.973 0.57 0.36

*the considerably larger CE errors when using GRS processed data is likely related to the
reduced number of available dates which allowed for larger than one-month gaps between
Sentinel-1 datasets.

[No Data
Il Omission
I Comission
[ Not BA

4. 1«| EEBA

95 §

100 S 10.0' S

(a) (b)

Figure 7: Burned Area mapped on
GRS (a) and OTB (b) processed S1

E'.'“f,‘e" by detectltn p:mda T images and the reference perimeters

louds o -

I =l (c) derived from Landsat 8. The area
I 2016.07.04-2016.07 20 [ | 2016.08.05-2016.09.06} COH’GSpOI’]dS to MGRS tile 20LQQ in

| 2016.07.20-2016.08.05 nzow.o&os.zow.os,zz (C) central Amazon.

6 BA performance and preliminary validation

The preliminary validation of the BA algorithm described in [RD-2] was carried out for
temporally filtered images processed at 40 m spatial resolution as the agreement between
burned area detected from optical and respectively radar sensors over similar periods
(Table 4). Results (Table 5) are provided for all tiles used during algorithm calibration
and the independent validation except one (18NYK). For tile 18NYK, the Sentinel-1 data
could not be processed with the OTB chain as the GRD files were not available on the
on-line repository anymore. The reference BA was mapped using the BAMS software
and Landsat 8 datasets as described in [RD-2]. Temporal gaps caused by cloud presence
during Landsat 8 acquisition were filled using Sentinel-2 images. In such cases, the BA
was manually digitized on screen using ArcGIS software. The performance (i.e. in term



? i Fire_cci Ref.:  Fire_cci_03.D3_Int.Val.-SFD-SA_v1.0
““ "e Intermediate validation results: SAR pre-  Issue 1.0 Date ' 25/01/2018

processing and burned area detection Page 15

of computational speed and spatial resolution) was tested using data processed with the
OTB pre-processing chain at two different spatial resolutions (20 and 40 m).

The algorithm works well in most of the studied MGRS tiles with the highest
disagreement from the optical derived reference burned areas being observed for the tile
20LQQ, where the CE and OE are somewhat higher when compared to the remaining
tiles (Table 5 and Figure 8). This may be explained by decorrelation processes between
fire date detection date (date when backscatter is at its minimum) and the actual fire date.
This phenomenon seems to affect particularly tile 20LQQ. Although, the BA detection
algorithm is designed to deal to such temporal decorrelation effects, its success is not
certain particularly when decorrelation processes are characterized by long times. Future
versions of the algorithm shall further optimize the reduction of temporal decorrelation
errors as more information on when and how such processes happen is gained.

Table 4: Correspondence between BA validation and detection periods.

Validation period Detection period MGRS tile
30.10.2016-02.03.2017 | 03.11.2016-03.03.2017 18NXG**
30.06.2016-04.10.2016 | 06.07.2016-28.09.2016 19LGL**
20.07.2016-22.09.2016 | 03.07.2016-25.09.2016 20LQP***
04.07.2016-22.09.2016 | 03.07.2016-25.09.2016 20LQQ**
04.07.2016 -25.09.2016 | 03.07.2016-25.09.2016 20LQR***

Tile type: ** validation, *** algorithm calibration

Table 5: Agreement of the detected BAs with references from optical sensors

Reference BA from: Landsat | Reference BA from:
8 gap filled with Sentinel-2 Landsat 8 MGRS
OA | OE CE OA | OE | cE L

0.993 0.31 0.26 0.992 | 0.27 0.56 | 18NXG**
0.999 0.07 0.47 0.999 | 0.00 0.69 19LGL**
0.997 0.12 0.16 0.997 | 0.13 0.19 | 20LQP***
0.972 0.56 0.40 0.972 | 0.56 0.40 | 20LQQ**
0.998 0.32 0.20 0.997 | 0.35 0.20 | 20LQR***
0.993 0.37 0.28 0.992 | 0.38 0.38 Total

Tile type: ** validation, *** algorithm calibration

Temporal gap filling using Sentinel-2 data improved the agreement between the reference
and detected burned areas by reducing the commission errors (Table 5). The reduction
was explained by a more temporally consistent reference dataset which does not miss
burned areas characterized by a rapid recovery of greenness. Applying the burned area
algorithm to datasets processed at higher spatial resolution (20 m) resulted in identical
overall map accuracies when compared to using 40 m spatial resolution images (Table 6).
Mixed results were observed for OE and CE when increasing the spatial resolution of the
input Sentinel 1 datasets, with CE seemingly increasing (6%) most likely due to higher
speckle at 20 m spatial resolution. The difference in OE between 20 and 40 m products
were low (2-3%) and of different signs for the two tiles analyzed (Table 6). The different
sign can be related with the small values observed. The BA algorithm processing speed
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over 20 m spatial resolution tiles increased tenfold to about 10 hours per tile which is
explained by the four time increase in the number of pixels to process and the
snowballing effect on the selection of training pixels, classification, and post-

classification operations.

740 W 18NXG 735 W
e ik f
Credly
;: R A
LG ,‘;ﬁ."‘ .
L T
Sy
I RN
10 N 10 N
67.0° W 66.5 W
19LGL oo 1ogL W
. i
85 8 [ * 85 8| *
Legend:
RED: BA Optic and SAR
Blue: BA SAR only
Black: BA Optic only
90’ s || White: Not burned 90" 5
No data

Figure 8: Agreement of detected BA with the reference BA derived from Landsat 8 (left panels) and
Landsat 8 gap filled with Sentinel-2 (right panels). Examples of the validation tiles from the Amazon

basin.

Table 6: Observed accuracy metrics (OA, OE, CE) and processing time by spatial resolution

Reference BA from Landsat 8 gap filled with Sentinel-2
Processed at 20 m spatial resolution | Processed at 40 m spatial resolution MSRS
ile
oA | o | ce | Seeed 1 on | OE | cE Speed
(min) (min)
0.993 0.28 0.33 669.45 0.993 | 0.31 0.26 64.79 18NXG**
0.998 0.34 0.26 598.10 0.998 | 0.32 0.20 83.58 20LQR***

Tile type: ** validation, *** algorithm calibration
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Annex 1: Acronyms and abbreviations

ATBD Algorithm Theoretical Basis Document
BA Burned Area

BAMS Burned Area Mapping Software

CE Commission error

CESBIO Centre of the Study of the Biosphere from Space
DEM Digital Elevation Model

ENL Equivalent number of looks

GPL General Public License

GRD Ground Range Detected

GRS Gamma Remote Sensing

LDA Large Area Demonstrator

MGRS Military Grid Reference System

MLI Multi-Looked Image

MTF Multi-Temporal Filtering

OA Overall Accuracy

OE Omission error

OoTB Orfeo ToolBox

PEPS Plateforme d’Exploitation des Produits Sentinel
POD Precise Orbit Determination

RD Reference Document

RSS Remote Sensing Solutions GmbH

S-1 Sentinel 1

SAR Synthetic Aperture Radar

SFD Small Fires Dataset

SRTM Shuttle Radar Topography Mission
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