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Summary

This document describes the approaches used to generate the validation dataset used to
estimate the quality of the Burned Area (BA) product estimate from Sentinel-1 synthetic
aperture radar (SAR) data for the large demonstrator area (LDA) located in tropical
South America. Amazon LDA is part of the Small Fire Database (SFD).
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1 Executive Summary

Burned area (BA), as derived from satellites, is considered the primary variable that
requires climate-standard continuity. It can be combined with information on burn
efficiency and available fuel load to estimate emissions of trace gases and aerosols.
Measurements of BA may be used as direct input (driver) to climate and carbon cycle
models or, when long time series of data are available, to parameterize climate-driven
models for BA. The aim of Option 3 is to provide Sentinel-1 burned area products over
a large demonstrator area (LDA) located in tropical South America. As such, Option 3
extends the areas mapped within the “Small fire database” to tropical regions in South
America.

Climate and carbon cycle models need information on the validity of the input BA
products. Such information is described within Product Validation Reports. PVRs
usually describe the i) approaches used to derive the reference dataset (i.e., the
validation dataset), ii) methods used to assess the quality of BA products (e.g., omission
errors, commission errors), and iii) results of the validation over specific BA products.
Within Option 3 two complementary documents are used describe the methods
used to appraise BA product quality:

e D2 Burned area database for the candidate validation tiles: focused on the
methods used to generate the validation database (this document).

e D4 Product validation report (PVR): describing the results of the validation
process.

Since reference fire perimeters are not available via the baseline project, Option 3 has
generated its own validation dataset to appraise the accuracy of BA products coming
from the Sentinel-1 algorithm in tropical South America (Amazon LDA). The
validation dataset follows the principles outlined in the main Fire_cci proposal [RD-
3] with changes accommodating the specific conditions encountered for Option 3: i)
reduced temporal frequency of the generated BA product (one year, 2017%), ii)
reduced availability of cloud free optical imagery (used to derive the reference
dataset), and, iii) reduced number of biomes (i.e., tropical forest and tropical and
subtropical savanna).

Burned areas classified based on Sentinel-1 imagery [RD-2] were validated using
optical imagery as large-scale ground assessment of BA products is cost prohibitive.
The reference dataset (i.e. validation database) was developed using medium resolution
optical images, acquired close enough in time as to portray the same ground conditions
as the input Sentinel-1 images from which the BA product is generated. The main
optical sensors used to derive the reference BA are Landsat-7/8 as for the validation
strategy followed in the baseline project. Sentinel-2 images were used where
insufficient cloud-free image pairs were available. For a sample of 46 validation sites, a
BA reference dataset was generated for year 2017 at selected time periods (i.e. cloud-
cover permitted). The validation dataset was generated following the methods and
procedures described in D4.1 Product Validation Report [RD-3] and Padilla et al.

! Due to significant Sentinel-1 data gaps in tropical South America during 2015-2016 the BA algorithm
cannot be deployed as it needs at least one acquisition every month. Since Sentinel-1 data availability
increased significantly starting with September 2016, it was decided, within the 7 Contract Progress
Meeting of the Fire_cci project, to generate the BA product for the year 2017.
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(2017). BA product validation over Amazon LDA was carried out within Option 3. The
reference BA shall be compared with BA algorithm outputs (when available), with
common temporal interval and spatial coverage. CEOS LPV (land product validation)
protocols are used to generate the reference data and peer-reviewed methods were used
to summarize and express the validation results (Padilla et al. 2017). The reference BA
dataset is specifically designed for the SFD Amazon product to ensure temporal
overlaps with Sentinel-1 derived BA estimates.

2 Introduction

2.1 Purpose of the document

The objective of this document is to describe the generation of the validation dataset
used to assess the quality of the Sentinel-1 derived BA according to Option 3 product
outputs. This document will be supplemented by D4. Product validation report (PVR).
The document follows and draws from the D4.1 Product Validation Report provided
within Fire_cci Phase 2 ([RD-3]).

2.2 Applicable Documents

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

Tanase M., Belenguer-Plomer M.A (2017) O3.D1 Algorithm Theoretical
[RD-2] Basis Document (ATBD) — Small Fires Dataset (SFD) for the large
demonstrator area (LDA) in South America, version 1.0.

Padilla M., Wheeler J., & Tansey K. (2017). ESA CCI ECV Fire Disturbance:
[RD-3] D4.1.1. Product Validation Report, version 1.2. Available at: http://www.esa-fire-
cci.org/documents

2.3 Background

The ESA CCl initiative stresses the importance of providing a higher scientific visibility
to data acquired by ESA sensors, especially in the context of the IPCC reports. This
implies producing consistent time series of accurate Essential Climate Variables (ECV)
products, which can be used by the climate, atmospheric and ecosystem scientists. The
quality of such products needs to be characterized quantitatively, by independent means,
to facilitate critical information and product reliability to the end users. Within the
Fire_cci Phase 2, the BA products are validated using reference data collected by means
of probabilistic sampling carried out both in space and time. In addition, the sampling
allocation follows stratification criteria to properly allocate samples to each stratum and
optimize resources dedicated to reference data generation (Padilla et al. 2017). Such
complex validation designs recognize the shortcomings of earlier methods based on
using a relatively reduced number of locations to validate global BA products
(Chuvieco et al. 2008; Roy and Boschetti 2009; Roy et al. 2008; Tansey et al. 2008).

As part of an effort to promote the acceptance of the CCI products by external
communities, an independent validation analysis, including the assessment of temporal
trends of accuracy was adopted in the Phase 2 of the Fire_cci project. Validation
samples’ independence is a critical characteristic of any validation assessment, since it
assures that unbiased accuracies are obtained among products. Independence implies
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that validation datasets are not used during the design of BA algorithms, neither for
calibration nor for “tuning” processes. Independence is further ensured by separation of
tasks (algorithm development and product validation) between different team members.
Since the BA product over Amazon LDA covers one-year (2017) validation of temporal
trends is not needed, thus simplifying the adopted approach. Option 3 follows a similar
stratification (biome level) and sample allocation concept as the baseline project.

Accuracy is characterized through cross-tabulation of reference and classified datasets,
by accounting for the spatio-temporal coincidences and disagreements. This 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. 2017; Padilla et al. 2014a; Padilla
et al. 2014b; Padilla et al. 2015; Roy and Boschetti 2009). The reference maps are
derived from medium spatial resolution images using standard methods as described by
the Committee on Earth Observation Satellites” Land Product Validation Subgroup
(CEOS-LPV) (Boschetti et al. 2016; Padilla et al. 2017).

3 Sampling design

As per the baseline project validation strategy, a stratified random sampling design was
used to provide reference BA estimates and infer the accuracy of the BA product
produced within Option 3. The sampling units were the Thiessen Scene Areas (TSAS)
as defined based on the Landsat World Reference System Il (WRS-1I). TSAs contain
the area closer to the centre of the corresponding Landsat frame and do not overlap
(Figure 1). TSAs provide partitioning for selecting non-overlapping sampling units that
allows for convenient computing of unbiased estimators (Padilla et al. 2014b).

3.1 Sampling size

The total number of samples were computed using Eq. 1 (Olofsson et al. 2014) under
the following assumptions: i) proportion of disturbed area 20% (i.e., TSA with high fire
activity), ii) expected user accuracy for burned areas, 60% (Padilla et al. 2014a; Padilla
et al. 2014b), iii) expected user accuracy for not affected areas, 90%, and iv) expected
standard error for the overall accuracy, 5%.

n= (Ewis) - (E WS, )2
[5{@}] Framyws \ s(0) "

where: S(O) - expected standard error for the overall accuracy; W; — class proportion, S;

- the standard deviation of stratum i, Si = /Ui(1 — Ui) with U; being the expected user
accuracy, N — sampling population. When N is large, the second term in the
denominator can be ignored.

3.2 Stratification

The stratification of sampling units was designed to ensure sufficient sampling over
major Olson ecoregions (Olson et al. 2001) with a focus on regions with high fire
activity. The stratification consisted in assigning each sampling unit to the appropriate
terrestrial ecoregion among those found within the Amazon LDA: i) Tropical and
Subtropical Moist Broadleaf Forests and, ii) Tropical and Subtropical Grasslands,
Savannas and Shrublands (Figure 1).
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Figure 1: Sampling units (upper left panel), eco-regions (upper right panel, Olson et al. 2001),
stratification by biome (lower left panel), and stratification by biome and fire activity for the
Amazon LDA.

The sampling units (TSAs) were stratified by eco-region (Olson et al. 2001) and fire
activity into four classes: Forest high burn (44 TSAs), Forest low burn (174 TSAS),
Grasslands/Shrublands high burn (8 TSAs), and Grasslands/Shrublands low burn (32
TSAs). Notice that, the forest class includes both Tropical forest and Dry forest eco-
regions as only two TSAs (out of 258 covering the Amazon LDA) were classified as dry
forests. Similarly, the Grasslands/Shrublands class includes one TSA classified within
the Desert and Xeric Shrublands eco-regions. The stratification by fire activity was
based on the BA product MCD64 (Giglio et al. 2009) for the year 2016-2017. TSAs
above 80™ percentile were classified as high burn activity within each eco-region class.

3.3 Sample allocation

Samples were allocated by strata proportionally with the square root of the burned area
in each class (Eqg. 2), as suggested in Padilla et al. (2017). The 46 validation TSAs were
split as follows: Forest high burn (14), Forest low burn (13), Grasslands/Shrublands
high burn (6), and Grasslands/Shrublands low burn (13). The TSAs were drawn
randomly from the entire population after eliminating the three TSAs used during the
BA algorithm development. Their spatial distribution is showed in Figure 2 while their
correspondence with the Landsat WRS-II reference system is shown in Table 1.

nhcxNh\/ .B_A-h (2)

where: Nh — number of sampling units within class h, BA - mean burned area within
class h.
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Table 1: Landsat TSAs selected for validation within Option 3

Landsat WRS |1 reference system

Forest high burn Forest low burn Grass/Shrub high burn | Grass/Shrub low burn
006/058 | 226/61 | 001/067 | 228/63 004/056 001/068 | 220/065
007/059 | 227/066 | 007/060 & 231/62 221/064 002/054 | 222/067
220/063 | 227/068 | 008/064 | 232/55 222/066 003/055 | 226/069
223/064 | 227/069 | 009/063 | 232/63 223/067 006/055 | 229/069
224/061 | 228/067 | 224/62 | 233/57 223/068 006/056 | 232/057
224/066 | 230/069 | 228/61 | 233/63 224/067 006/057 | 233/056
225/064 | 233/067 | 228/62 219/065

Legend T@I
[ r=a

T5As forvalidation
- Forest low burn

I For=:t high bum

I:l Gras s/5hrub low burn
- Gras 5/Shrub high burn

Figure 2: Sampling units selected for validation (by biome and fire activity).

4 BA validation dataset

In this document, burned area is defined as any vegetated area that has been completely
or partially consumed by a fire, regardless of whether the fire was the result of human
activities or natural phenomena, or whether the fire affected wildland areas or managed
lands (agricultural, forests, or pastures).

This section describes the protocol used to generate reference information for BA
validation as agreed by the partners involved in the Fire cci consortium and as
described in D4.1 Product Validation report of the Fire_cci main project [RD-3]. The
methods, based on the CEOS-CalVal protocol for the validation of burned area products
(Padilla et al. 2017), were adapted to suit Option 3 (temporal trend analysis was omitted
as BA product is generated for only one year). Reference perimeters are generated from
multi-temporal comparison of medium resolution satellite imagery, acquired before and
after fire using a semi-automatic procedure. After the semi-automatic mapping, quality
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control is performed through visual inspection. All fire perimeters are reviewed and
perimeters with errors are rectified. This procedure is iterated until no errors are
identified.

4.1 General considerations

Following CEOS Validation protocol for BA products (Boschetti et al. 2016), reference
data is generated from two consecutive images acquired over the same region. A
sampling unit is delimited spatially by the WRS-2 / MGRS footprints and temporally by
the acquisition dates of consecutive images (image pair). It is relevant to limit the time
length between any consecutive observations to make sure the spectral signal of a fire
occurred between acquisition times is still present in the latest image. Therefore, image
pairs form a sampling unit whenever they were separated by 16 days or less (same as for
the baseline project). Over areas with frequent cloud cover, the interval may be
increased to 32 days to allow formation of additional sampling pairs as cloud cover is
persistent over large parts of the Amazon LDA (Figure 3). The use of a 32 days interval
of 32 days is still feasible as fast-growing vegetation (i.e., grasslands) need longer time
to recuperate after fires. In addition, the Sentinel-1 data over the Amazon LDA is
available at about one-month interval. Optical imagery with less than 40% of clouds (a
slightly higher limit when compared to the 30% used for the main project) and the
temporal requirements between image pairs specified above may limit the availability of
useable images and thus the reference data generation. Although reference BA was
generated for only one year the stratification by calendar year was considered as a
convenient approach when planning data collection. It also makes easy to expand the
temporal period of study by adding complete years if necessary. All sampling units
were allocated to the same calendar year (2017). For consistency and simplicity, this
assignation was based on the earliest acquisition date of the Landsat (or Sentinel-2)
image pair. Over TSAs with few cloud-free Landsat image pairs, the use of Sentinel-2
datasets is envisaged for gap filling the temporal series of reference burn perimeters
during the fire season.

4.2  Subsampling

The main advantage of subsampling is that it allows increasing the number of sampling
units which helps to decrease the variance of accuracy estimates (Padilla et al. 2017).
Each sampling unit selected was subsampled using a 30 km by 20 km window. The
rectangular size makes possible the evaluation of single pixels (depending on
differences in reflectance between a pixel and its neighbouring area) while the whole
image is visualized (1:80000 scale) on a 27’ screen. This reduces the necessity to
navigate across the scene in the process of image exploration for the collection of
training data and/or revision of image classification. The navigation across a scene is a
time-consuming task with little or no contribution to reference data generation, thus it is
to be avoided as much as possible. The subsampling is expected to produce a gain in the
precision of BA estimates mainly due to the increase of n and within unit positive
correlation (Padilla et al. 2017). The positive correlation implies that pixels within a unit
provide similar information, and therefore a sample of them may provide a similar
average when compared to the one obtained from all pixels on the unit.
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Figure 3: Cloud fraction over the Amazon LDA (grey rectangle) as seen by Terra/MODIS. The
maps show how much of Earth’s surface was covered by clouds for each month in 2016 (the latest
year of complete temporal coverage). The patterns for 2017 are assumed to be similar.

4.3 Generation of reference fire perimeters

The semi-automatic procedure to generate the reference dataset consists of two steps.
On the first step, the image pair (pre- and post-) reflectance is reformatted for
efficiency. The reformatting consists on co-registering the core region (30 km by 20
km) of the scene. The output is a raster file with six bands, with the SWIR, NIR and
RED bands of the two images. This first step is automatic and can be parallelized. The
second step is the semi-automatic BA classification. For the classification, the
interpreter needs to digitize 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) on each sampling unit (pair of images), taking as
input variables NBR, SWIR and NIR of the pre- and post- dates, and the multitemporal
index dNBR. Those spectral regions and indices are specifically useful to discriminate
burned areas (Giglio et al. 2009; Goodwin and Collet 2014). The classification
procedure consists in repetitive iterations of visual inspection, delineation of training
polygons and classification until no further errors can be perceived on the visual
inspection. Optionally, the classification can be overwritten by polygons digitized
manually. The output is an ESRI® shape file with the reference data and metadata as
defined below. Within post-processing, the detected perimeters are filtered by area with
polygons below 0.1 ha (pixel size polygons) being removed. Shape indices are then
computed (Eqg.3 and Eq.4) to reduce misclassification errors over cropping areas. A
filter based on shape indices and size is applied to all polygons below 2 ha.
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where: CRi- compactness ration for polygon i, RBFi — related bounding figure, Ai- area,
Acj — area for a circle with the same perimeter as the polygon, Bfi — convex hull for

polygon i.

Parts of the scene that cannot be observed or interpreted, either due to clouds or sensor
related difficulties (i.e. SLC-off problems of ETM+) in one of the two images pre- or
post- are classified as no-data. As such, only areas with reliable information are
included in the validation process.

4.4 Data structure and naming convention

Data structure and naming convention is the same as for the PVR of the Fire_CCI Phase
2 project. Each burned area reference file is an ArcGIS™ 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:

o PreDate. Acquisition date of the image taken before the occurrence of the fire:
yyyymmadd (year, month, day).

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

e Prelmg and Postimg. The pre- and post-fire image names, following this format:
satellite-code_Path_Row (e.g. LT5_201 032). Satellite codes as follows:

o Landsat-7 ETM+ (LT5)

o Landsat-8 OLI (LC8)

o Sentinel-2 (S2)

e Area (in square metres, m?)
e 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.

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.

45 Metadata

The metadata of the reference files is written as an XML document. The metadata
contains the author of the reference data file, its 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. An example of a metadata file can be found in D4.1 Product Validation
report [RD-3].

5 Accuracy estimates

Accuracy estimates are based on the cross-tabulation approach (Latifovic and Olthof
2004). The result of the cross tabulation can be represented by the error matrix (Table 2)
which express the amount of agreement and disagreement between product and
reference classifications. A product pixel is coded as “burned” if it was detected as such
between the dates defining the temporal dimension of the sampling unit, similarly as is
done on the reference classification. All other sampled pixels are coded as “unburned”
or “no-data”, the latter for unobserved pixels. The agreement and disagreement areas
can be measured in each sampling unit by spatially comparing reference and product
binary (burned or unburned) maps. This comparison is performed by overlaying the two
vector polygons layers derived from the product and reference datasets. The product
binary raster map is converted to polygons and then re-projected to the spatial reference
system of the reference dataset.

Table 2: Sampled error matrix on a sampling unit*.

Reference
el Burned Unburned i
Burned €11 €12 €1+
Unburned € €2 €2+
Total €41 €49

* eilj express the agreements (diagonal cells) or
disagreements (off diagonal cells) in terms of area (m?)
between the BA product (map) class and the reference class

Since the reference data set may include areas burned as several time periods (i.e. the
reference data is generated from a consecutive series of image pairs) the product
validation can be carried out at two scales: i) the entire interval with the binary maps
defined by the first and last acquisition dates, and ii) by intervals, with the binary maps
defined by the acquisition dates of image pair included in the data series. The difference
in accuracy estimated from the two scales gives an indication of the effect of the size in
time of the sampling unit onto the accuracy estimations.

Apart of the common ratios between combinations of error matrix cells (i.e. commission
(Eq.5) and omission errors (Eq. 6)) the use of the Dice Coefficient (DC, Eq.7) may be
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useful when comparing product accuracies since it summarizes both commission and
omission errors showing the accuracy of category ‘burned’ (Padilla et al. 2017; Padilla
et al. 2015). Lastly, the error matrix can be used to compute the bias either as a total
estimate (Eqg. 8) or in relative terms to the reference BA (Eq. 9).

_ 812 (. — 221 (py. — 2e1
Ce = €1+ (5)’ Oe €y1 (6)’ DC 2e2y1 tejz4€2z; (7)
bias = ey, — €54 (8); relB = %(9).
+1

Since the Amazon LDA product covers a much smaller area (i.e. homogenous) when
compared to global products, the size of the reference BA relative to the product
coverage is relatively high, the validation temporal dimension spans only one year, and
only two strata (biomes) are present, the global estimate of accuracy is computed
without considering a stratified sampling design as for the global product.
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Annex 1: Acronyms and abbreviations

ATBD Algorithm Theoretical Basis Document

BA Burned Area

CClI Climate Change Initiative

CEQOS Committee on Earth Observation Satellites
dNBR Difference Normalized Burn Ratio

ECV Essential Climate Variables

ESA European Space Agency

ETM+ Enhanced Thematic Mapper Plus sensor on Landsat satellites
IPCC Intergovernmental Panel on Climate Change
LDA Large Demonstrator Area

LPV Land product validation

MGRS Military Grid Reference System

MODIS Moderate Resolution Imaging Spectroradiometer
NBR Normalized Burned Index

NIR Near Infrared

PVR Product Validation Report

SAR Synthetic Aperture Radar

SFD Small Fire Database

SLC Single Look Complex

SWIR Short Wave Infrared

TSA Thiessen Scene Area

UTM Universal Transverse Mercator

WGS84 World Geodetic System 1984

WRS Worldwide Reference System

XML Extensible Markup Language
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