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1. Introduction

Fire is one of the main contributors of greenhouse gases and aerosol emissions and it is closely
related to carbon cycle (van der Werf et al., 2010). It has a clear influence in global vegetation
dynamics and its effect in human property and lives is increasing.

As aresult, it is considered an Essential Climate Variable (ECV) and it is deeply investigated within
the Fire_cci Project. In the aim of contributing to the Global Climate Observing System (GCOS)
programme, the European Space Agency (http://cci.esa.int/, las accessed March 11, 2018) created the
Climate Change Initiative (CCI), in which 13 ECV are studied (Fire Disturbance, among others).

2. Methods
2.1. Framework

Hybrid algorithms have proved to be appropriate to burned area (BA) detection. Two of the most
used global BA products, MCD64 (Giglio et al., 2009) and MERIS Fire_cci v4.1 (FireCCl41) (Alonso-
Canas y Chuvieco, 2015), have been generated based on this approach. They combine the effectiveness
of thermal anomalies products to detect active fire position, with the reflectance changes that affect to
the complete BA. The algorithm presented on this paper continues the steps of its predecessor,
FireCCl41, using a two steps hybrid approach, with a seed detection phase and a growing phase.

2.2, Input images and spectral indices

This algorithm is based on the sensor MODIS (MOderate Resolution Imaging Spectroradiometer)
MODO09GQ product (250 m resolution) and the MCD14ML active fire product. The former one is
distributed in tiles of 1200 x 1200 km and the second one globally. In addition to the MODIS NIR
band, Global Environmental Monitoring index (GEMI) was computed (Pinty y Verstraete, 1992)
which proved being a good index to BA detection among the spectral indices based on NIR-Red bands
(Alonso-Canas y Chuvieco, 2015). GEMI was computed as follows:
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where oy 1S the Near Infrared (MODIS band 2) and g5 is Red (band 1).

As auxiliary data, Land Cover CCI product v1.6.1 (https://www.esa-landcover-cci.org/, last
accessed March 11, 2018) was also used, which permitted obtaining a burnable — unburnable mask.
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2.3. Composite

Due to the strong BRDF (Bi-Directional Reflectance Distribution Function) effect of MODIS
sensor (swath dimension of 2330 km) several approaches to reduce it were tested. However, the
smoothing effect of those techniques weakened too much the temporal trend of burned pixels. So
temporal compositing is used to reduce that angular effect and enhance burned signal.

Two criteria were used to perform the composites: the assignation of the nearest active fire (also
called hotspots or HS) date based on Thiessen matrix (Brassel y Reif, 1979) and the selection of the
proper minimum NIR value. As BA is expected to have very low NIR values (Alonso-Canas y
Chuvieco, 2015) 3 minimum values are searched within a given month. However, this low NIR values
can be caused by other events like cloud, topographic shadows or flooding. To avoid possible noise
caused by the mentioned events the algorithm selects the first minimum after the date of HS detection.
If all the minimums are found on previous dates, the second minimum is selected. At the same time,
maximum GEMI of the month (GEMI_max) and GEMI of the selected days for the composite
(GEMI_month) are calculated.

2.4. Seed phase

The objective of this first phase was to reduce commission errors by selecting those HS that have
high probability of being burned. Therefore, Cumulative Distribution Function was computed for
unburned class using those pixels of the composite that are further than a 41 x 41 window around each
HS. The first decile (10%) is selected as threshold (TH_NIR) and NIR values have to be below it.
Second, pixels have to show NIR value decrease between t and t-1. Finally, the third condition is that
5 of the 8 surrounding pixels (3x3 window) has to fulfil the two previous conditions to ensure spatial
correlation of burned tendencies. The statistic were performed for each tile, biome and month.

2.5. Growing phase

Although active fire products have accurate location of fire, this position is related only with those
areas that were burning during satellite pass, so many authors have used contextual algorithms for BA
mapping (Bastarrika et al., 2011; Alonso-Canas y Chuvieco, 2015) in order to reduce omission error.

An additional variable is used to stop the region growing process (Zhang et al., 2005). To do so,
difference between GEMI_max of the previous month and GEMI_month of the current month
(difGEMI) were used. The first one represents the maximum greenness of the immediate pre-fire
conditions, while the second one shows the vegetation after burning date. The higher the difference
was the higher probability of being burned.

To estimate an adequate threshold for difGEMI, CDFs for burned and unburned classes are
calculated. The mean of the decil 9 of unburned class and decil 1 of burned class is computed and used
as difGEMI threshold (TH_difGEMI).

A pixel is classified as burned if (1) it has a NIR value below TH_NIR, (2) a difGEMI value over

TH_difGEMI, (3) a lower NIR value than the previous month (t-1) and (4) at least one pixel seed or
burned pixel in a 3x3 window.

3. Results

A new global BA product has been generated based on this algorithm (ftp://anon-
ftp.ceda.ac.uk/neodc/esacci/fire/data/burned _area/, last accessed March 11, 2018). The time series
goes from 2001 to 2016 improving the existing ESA BA products and also the spatial resolution
offered by the current BA products (500 m MCD64 and 300 m FireCCl41).

The product assessment was performed using a set of global validation sites, taking into account
the diversity of fires all over the world and also through the time series. In addition, an intercomparison
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with other existing products has been developed. FireCCI50 product shows a reduction of 10% in both
commission and omission errors in comparison to FireCCl41, but 10% higher than MCD64 c6. The
estimation of burned area is similar to the trends observed in other products.
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