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Abstract

This paper presents the results of phase 1 of the fire_cci project. This project is part of the Climate Change
Initiative of the European Space Agency, and aims to generate global, long-term burned area maps from
European sensors (VEGETATION and MERIS). This information is intended to help modelling efforts of
climate and atmospheric and carbon scientists, by adjusting to their needs in terms of product specifications.
The project has done an extensive effort of validation and error characterization of the results. Intercomparison
with other existing datasets has also been carried out.
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1. Introduction

The European Space Agency (ESA) Climate Change Initiative (CCI) is part of the European
contribution to the Global Climate Observing System (GCOS) program. The CCI aims to produce
consistent and accurate time series of Essential Climate Variables (ECV), which may be used by
climate, atmospheric and ecosystem scientists for their modelling efforts Plummer 2009. The CCI
stresses the importance of improving scientific impact of data acquired by ESA sensors, while maintain
close links with key science bodies and other agencies currently generating ECV data. The first call of
the CCI program has included 13 ECVs covering atmospheric products (ozone, greenhouse gasses,
aerosols andclouds), oceanic variables (ocean colour, sea ice, ocean height and temperature), and
terrestrial (fire, glaciers, ice sheets, soil moisture and land cover): http://www.esa-cci.org/.

Biomass burning is widely recognized as one of the critical factors affecting vegetation succession and
carbon budgets worldwide (Chuvieco 2008; Thonicke et al. 2010). At regional and local scale, fires
have also important socio-economic implications, both affecting lives and structures (Chuvieco et al.
2010). At a global scale, the effects of fire on the atmospheric chemistry, both in terms of CO2 and
aerosols emissions are very relevant (Bowman et al. 2009; van der Werf et al. 2010). The most recent
studies estimate that an average area of 3.5 million km2 is burned every year (Giglio et al. 2010;
Tansey et al. 2008), mostly in the Tropical savannahs, temperate grasslands and boreal forests. Other
impacts of fire on the global climate are still poorly understood, such as the direct and indirect role of
aerosols, their impact on land use change and surface albedo, the relation with tropospheric ozone and
the deposition of black carbon on soils (Bowman et al. 2009).

The fire_cci project aims to improve mapping of burned areas (BA), including proper validation and
error characterization, as well as the use of BA information in global vegetation and atmospheric
models. The fire-cci project has been developed by a consortium of ten teams from five different
European countries: University of Alcala, CIFOR-INIA and GMV (Spain); GAF, DLR and Julich
(Germany), IRD and LSCE-CEA (France), ISA (Portugal), and University of Leicester (UK). These
groups cover the different specialities required for the project: Earth Observation scientists, Climate-
atmospheric-vegetation modellers and System engineers.
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2. Methods

Figure 1 includes the general flowchart of the fire_cci project. The project started with the definition
of user requirements, which guided the generation of product specifications. The Burned Area (BA)
product was initially based on the analysis of ERS and ENVISAT-ATSR, SPOT VEGETATION
(VGT) and ENVISAT MERIS sensors, although finally the ATSR datasets were discarded as they did
not provide significant improvement over VGT data. The project included geometric and radiometric
corrections, masks, BA and merging algorithms (to fuse BA results from VGT and MERIS sensors),
as well as validation and intercomparison analysis.

Raw Data:
ATSR, VGT, MERIS
User requirements | l
! Geometric correction
Product | Calibrated reflectances !
specifications | Water-snow-

Development of BA cloud masking

algorithms

l

‘ Merging algorithm ‘

4
Atmospheric correction ‘

Global BA
production

— ‘ Validation H Testing of models ‘

!

‘ Reference data ‘

Figure 1. Fire_cci project flowchart

2.1. User requirements and product specifications

A proper understanding of user requirements of any product is a critical step to assure that the product
will benefit the target community. In the case of the CCI program, the definition of user requirements
was part of the program strategy. For the fire_cci project, a detailed questionnaire was addressed to
potential users. Forty seven scientists from different fire-related communities (modellers, remote
sensing experts, natural hazards, forestry sector...) provided their answers. They were complemented
by an extensive literature review on past and present uses of available burned area (BA) products
(Mouillot et al. 2014).

From this analysis, the product specifications (PSD) were generated. The fire_cci project includes two
BA products, one at pixel level at 300 m resolution, and the other one at grid level at 0.5 degree
resolution, following the most standard climate grid modelling (CGM) size). The pixel product
includes four variables: day of burned detection, confidence level, sensor detecting the burn, and
burned land cover. It will be distributed in monthly Geotiff format files, dividing the world in six tiles
to make files more manageable (Figure 2). These tiles were agreed with the landcover_cci project to
facilitate across-product consistency. The grid product includes 22 layers: sum of BA for each cell,
standard error, fraction of observed area in the period, number of burn patches and burned area of each
land cover (derived from globcover2005:Arino et al. 2007). These grid BA files are produced for 15-
day periods in NetCDF format. Both pixel and grid products use the Plate Carré projection and
geographical coordinates.
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Figure 2. Tiles for the fire_cci pixel project

2.2. Pre-processing

The pre-processing, the BA products of the fire_cci project was based on level-1B and level-2
calibrated radiances from VEGETATION and MERIS. To derive corrected level 2 products, advanced
image geometrical matching was applied to all sensors. Atmospheric correction was initially based on
the ATCOR algorithm (Brazile et al. 2008) for ATSR and MERIS, by adapting the wide field of view
of both sensors for this project. However, the final version of the processing chain was based on
simpler atmospheric correction to improve process performance. Water, cloud snow and cloud shadow
masks were developed to reduce the potential confusions in the BA algorithms, since these covers may
present similar spectral characteristics to BA. Particularly challenging was the water mask, since water
bodies may be seasonal (flooded areas), and the low radiances of water may be easily mixed up with
post-fire char.

2.3. BA algorithms

Burned area algorithms were developed based on ten study sites selected from the main ecosystems
affected by fire. These algorithms were adapted to VGT and MERIS sensors. Global BA algorithms
are particularly challenging, as fire detection is affected by a wide range of factors: pre-fire conditions,
burn severity, burn size and regeneration capacity of affected ecosystems (Bastarrika et al. 2011a;
Giglio etal. 2009). The VGT algorithm was developed by the Instituto Superior de Agronomia (Pereira
et al. 2014) and it is based on multitemporal trend analysis of near infrared reflectance. The process
applies robust temporal filters to reduce the impact of instability of the time series, and provides scores
of automatically detected changes to select those most likely connected to actual burnings. Initially the
algorithm was also tested with ATSR data, but since the temporal resolution of this sensor is lower
than VGT, the quality of outputs was considerably lower, and therefore it was decided to focus the
global processing on VGT datasets.

The MERIS algorithm was developed from a hybrid two-phase approach, and took into account
temporal changes of near infrared reflectance, as well as active fire detections from MODIS thermal
channels. The algorithm is regionally adapted, as it estimates threshold values from cumulative
distribution functions for both the seed and the region-growing phase (Alonso-Canas and Chuvieco
2014).
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The final step was the merging of VGT and MERIS results into a single BA product. This merging
was based on confidence levels derived from each sensor results, using a sample of the reference
datasets.

A Round-Robin exercise was conducted between October, 2011 and January 2012, in which all
available BA algorithms for VGT and MERIS images were tested. The results were compared using a
set of statistical metrics. The goal of this exercise was to select the best performing algorithm for global
production of burned area maps. The exercise was open to public participation. Once the final
algorithms were selected, they were implemented in the global processing chain. For the current phase
1 of the fire_cci project, three global years have been processed (2006 to 2008).

2.4, Validation

Validation of the BA product was carried out by comparing BA outputs with reference fire perimeters
generated from Landsat-TM/ETM+ multitemporal images. A standard protocol based on the CEOS
LPV recommendations (http://Ipvs.gsfc.nasa.gov). was generated and agreed between the internal
validation teams to extract fire perimeters from Landsat data, based on a semi-automatic algorithm
(Bastarrika et al. 2011b). Two samples of reference sites were obtained, one to measure the spatial
variation of accuracy using 100 Landsat pairs acquired in 2008 (global validation), and the other one
aiming to measure the temporal stability using a temporal series of Landsat scenes (one each year,
whenever available in the Landsat archive) for ten representative study sites (temporal validation)
(Figure 3). A total of 242 Landsat pairs were processed, including more than 147.000 burn patches
and more than 126.000 km? of burned area.

Figure 3. Location of validation sites for the fire_cci project

Validation was based on a fuzzy error matrix and covered three aspects: global accuracy (closeness to
the true burned area), error balance (equilibrium between omission and commission errors) and
temporal stability (temporal consistency of accuracy). Specific methods to tackle these three aspects
were developed (Padilla et al. 2014a; Padilla et al. 2014b).

2.5. Intercomparison
The intercomparison analysis was based on comparing the total burned area for the fire_cci products
and existing global BA products (Geoland, Globcarbon, GFED3 and MCD45) for each of the three
years processed. Correlation analysis was also calculated between our results and existing products
considering different ecoregions (those used by the GFED database: Giglio et al. 2010).
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3. Results

Global datasets from 2006 to 2008 have been generated and are currently being assessed by climate
modellers. In terms of sensors outputs, VGT identified less BA area than MERIS, particularly in
tropical regions, as we can notice in Figure 4, and higher values in temperate regions, mainly in
agricultural areas.

From preliminary validation, MERIS provides much higher accuracy than VGT, both when comparing
with our validation sample and with existing BA products. The merged product showed an
intermediate estimation of BA, higher than VGT but still lower than MERIS and other existing BA
products (table 1).

Figure 4. Date of Year (DoY) of Burned Detection from VGT (left) and MERIS (right) over the African continent
(2008)

Table 1. Total Burned Area estimated by different global products (sq km)

GFED VGT | MERIS | MERGED | MCD45
2006 | 3418690 | 2374032 | 3650268 | 2853270 | 3372924

2007 | 3661888 | 2239012 | 3772086 | 2817410 | 3522453
2008 | 3296434 | 2228610 | 3623277 | 2687650 | 3307390

In terms of spatial variability, Figure 5 shows the estimated burned area from MERIS BA algorithm.
The most extensive burnings occur in the Tropical regions, particularly in the African continent and,
with less severity, in the Northern regions of Australia, Central Brazil, Venezuelan and Colombian
Llanos, and SE Asia. A second belt of burned regions is noticeable in the temperate grasslands and
croplands of central Asia, and SE USA. The boreal forest of Russia and Canada have also a substantial
role in global biomass burnings.
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Figure 5. Burned Area estimated from MERIS (2008)

Finally, in terms of estimations produced by our product and other existing global BA products, Figure
6 includes scattergraphs that show the estimated BA in different ecoregions and products. The
geographical units were defined by the Global Fire Emissions Database (GFED: Giglio et al. 2010),
which is a widely-used information source for burned area information, based on MODIS data. Our
MERIS product has very high correlations with GFED, with a tendency of around 10% to
overestimation. Comparing with the standard MODIS BA product (MCD45), the results are similar in
terms of trends, although in this case the tendency is towards underestimation.
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Figure 6. Correlations of BA estimations between MERIS, MCD45 and the GFED in different ecoregions (2008)
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4. Conclusions

This paper has presented the first results of the fire_cci project, which aims to map global burned areas
from European sensors. Results are currently in the validation stage, but preliminary assessments show
good correspondence between our estimations and existing BA products. A climate assessment report
to measure the performance of our product as input to existing carbon and atmospheric models is also
under development.
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