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Abstract

Burned area (BA) estimates based on moderate resolution (500 meters) MODIS instruments show that
globally, 3,500,000 hectares burns each year. MODIS has difficulty capturing fires smaller than 25 ha and
studies estimate this lost variability up to 24%. These estimates are highly uncertain.

We use burnt area from the Sentinel 2 Small Fire Database (SFD) at 20m spatial resolution for six tiles
(5x5°) in northern hemisphere Africa in areas that burn frequently. We find that in large fires (>100 ha),
MODIS (MCD64) and SFD show a reasonable agreement (92%). However, MODIS misses most small fires
(<25 ha) that add an additional 37% area burnt. SFD reveals a total burnt area that is 50% higher than MODIS
for the studied areas.

We then calculate fire emissions from the SFD and we compare to the Global Fire Emissions Database
GFED4 and GFED4s. The contribution of small fires in terms of total burned area and emissions has been
significantly underestimated and we find emissions up to 56% higher than GFED4 and 37% higher than
GFED4s for this regions. This analysis highlights the importance of accounting for small fires for both burned
area and fire emissions.

Keywords: Sentinel 2, MODIS, small fires, burned area, emissions

1. Introduction

Fire is one of the most important factors in the ecosystem disturbance. It affects to the landscape,
vegetation structure, biodiversity and also to humans (Kloster et al. 2012; Mouillot et al. 2014). As a
result of the combustion, greenhouse gasses are emitted to the atmosphere being an important part of
the carbon cycle making alterations to the atmospheric composition and hence affecting to the climate
(van der Werf et al. 2010).

Because of these reasons fire disturbance is considered one of the Essential Climate Variables
(ECVs) by the Global Climate Observing System (GCOS) (Bojinski et al. 2014). In this context, there
are multiple agencies, projects and studies that focus on the cartography of burned areas in order to
assess the impact of fires and to provide reliable information to the climate modelling community
based on remote sensing data. One of them is the Fire_cci project, carried out by the European Spatial
Agency in the frame of the Climate Change Initiative (CCI) program (Hollmann et al. 2013). The
Fire_cci main objective is to elaborate global burned area maps in long time series.

There are a wide variety of sensors and methods to estimate the burned area. The traditional
approach to provide global burned area mapping is by the use of moderate resolution images such as
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Advance very high resolution radiometer (AVHRR) (Riafio et al. 2007), VEGETATION (Tansey et
al. 2008), Moderate Resolution Imaging Spectrometer (MERIS) (Alonso-Canas and Chuvieco 2015)
or Moderate Resolution Image Spectroradiometer (MODIS) (Chuvieco et al. 2018; Giglio et al. 2006;
Roy et al. 2008). The products developed by these sensors have been widely used to make emissions
estimations (Chuvieco et al. 2016; Giglio et al. 2013; VVan Der Werf et al. 2017), analyze the human
impact on fire (Hantson et al. 2015) or to study the fire regimes (Archibald et al. 2010).

One of the drawbacks of these products is the high omission mainly related to the spatial resolution
of these products (1km to 300m). The influence of the small fires have been studied (Randerson et al.
2012) in terms of the total burned and carbon emitted, concluding that it represents a significant part
of the total burned, but there is uncertainty around these estimations. Nowadays, thanks to the advances
in computing science and the new generation of high-resolution satellite images such as Landsat or
Sentinel 2 (10-30 meters resolution) is possible to provide better estimations of fire impact.

There are several studies that perform burned area based on Landsat (Bastarrika et al. 2014) or
Sentinel (Ferndndez-Manso et al. 2016; Huang et al. 2016), but none of them have been applied to a
continental scales or to a long time period. In this frame, the Fire_cci project has developed a new
product named Small Fire Database (SFD) using Sentinel 2 images. The database extent covers the
African continent in 2016 at 20 meter resolution and is planned to be released in the next months.

The objective of this paper is to analyze the potential of the SFD in six different 5x5° regions of the
north of Africa using the first version of the database that only comprises the first nine months of the
year. A comparison with the MCD64 product was performed in terms of total burned area, fire size
distribution, and emissions performed by the Global Fire Emissions Dataset (GFED) (Van Der Werf
etal. 2017).

2. Methods
2.1. Burned area databases

The MCD64 product provides the burned information extracted from MODIS reflectances from
Terra and Aqua at 500 meter resolution (Giglio et al. 2009). This product is available from November
of 2000 until now in monthly layers and encodes the day of burned together with the uncertainty for
the burned pixels. In general terms, the product detects the burned area using a temporal composites
of vegetation indices based on the shortwave infrared (SWIR) wavelength applied to a temporal series.
The algorithm also uses the active fire information from MODIS to characterize the burned signal and
to extend the segmentation to the whole image, making the thresholds able to regional adaptation and
hence to multiple fire conditions.

One of the most widely used emission product is GFED (Van Der Werf et al. 2017) that is
extensively used for climate, atmospheric and biochemical modelling (Aouizerats et al. 2015;
Schwietzke et al. 2016). In this frame, the MCD64 product is one of his main source of information
used to perform the emissions estimations from the forest fires. GFED use the CASA (Carnegie—
Ames—Stanford Approach) to derive the ecosystem productivity through the use of remote sensing
data for finally produce a global estimation of carbon emissions and other trace gases. There are
different versions of this database, the last versions are GFED4 and GFEDA4s. Both use MCD64 as
burned area input, but GFEDA4s also include an estimation of the burned fraction caused by the small
fires. This estimation comes from the influence of the active fires that have enough sensitivity to detect
fires below of their original resolution.

The SFD uses Sentinel 2-MSI data at 20 meter resolution to estimate the burned area in Africa
(Roteta et al. 2018). It has been applied in the north of Africa for the nine first months of 2016 in a
first phase, but the processing chain has been extended for the entire year and continent. Here a
selection of six different study areas (Figure 1) were selected to test the potential of the database.
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Figure 1 - Locations of the study area

The algorithm derives the burned area using a hybrid multitemporal approach classifying pairs of
images from the available images. The structure of the algorithm has three different steps. First, a
group of burned area indices were performed. After that an initial segmentation of the image using
those indices to derive an early burned area. This result is crossed with the active fire observations in
order to extract some high probability burned pixels or seeds. The seed is introduced in a probability
distribution function of two different indices normalized burned ratio (NBR) and the mid-infrared
burned index (MIRBI). Finally following the distribution function the pixels are classified using a
certain threshold.

This version SFD have been validated following a systematic sampling scheme using 27 test areas.
The perimeters were generated in a first step using a semiautomatic burned area mapping tool
(Bastarrika et al. 2014) to finally perform a visual analysis to guarantee the quality of the data. The
way to obtain the burned area from the test perimeters was de same used in the Fire_cci project (Padilla
and Chuvieco 2014; Padilla et al. 2015) and follows the CEOS-CalVal protocol. The results obtained
in the validation shows a commission error of 7.3% while omission is 18.4%, further details are shown
in Roteta et al (2018).

2.2, Data processing

To carry out the comparisons at pixel level the MCDG64 collection 6 were used. MODIS products
are developed under the observations of two different satellites (Terra and Aqua), thus the revisited
period is significantly higher (twice per day) than the one used by the SFD (once per ten days). Because
the temporal resolution, pixels that have a contiguous day of burned can be considered a single fire
event and the changes in the day of burned are due to the fire spread (Archibald and Roy 2009). To
separate individual fires for MODIS a flood algorithm was used to connect fires that have a spatial
connectivity in a 3x3 window within a temporal frame of four days. Once this process is over, the next
step is to individualize the fires labelling each one with a unique value performing at the same time
the fire size. To do so pixels with a similar day of burned connected by 3x3 window are considered
one single event. The fire size was divided in 7 different ranks: 0.04 ha, 0.04-1 ha, 1-5 ha, 5-25 ha, 25-
50 ha, 50-100 ha, >100 ha.

For the emissions estimation, the SFD was converted to 0.25° summarizing the total amount of
burned area for each grid cell. This information was used to replace the source of burned of the GFED
model, which used to be MCD64 collection 5. The emission was performed for three databases SFD,
GFED4, and GFED4s using the same parameters to make able the comparison.
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3. Results
The next figure shows the amount of burned area observed in the six test areas ordered by fire size.
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Figure 2 - Total burned by size for the six test areas.

The total burned observed for MCDG64 is 47% lower than the estimations through SFD. The fires
below the MODIS resolution represent the 37% of the total burned. SFD also detect more burned area
between 25-100 ha, while for fires bigger than 100 ha MODIS detect slightly more burned area.

Figure 3 shows the fire counts for single fire events for both products. SFD shows a higher number
of fires in all the range size including the >100 fire size. The number of fire counts shows an
exponential trend where the maximum is reached with fires between 0.04-1 ha.
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Figure 3 - Number of individual fires for MCD64 and SFD

The next figure shows the total burned observed for the three fire databases along the year. The
observed trends are similar for all products but the amount of burned area not, being SFD the database
that shows more followed by GFED4s and GFEDA4.
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Figure 4 - Burned area distribution for SFD, GFED4 and GFED4s.

The total burned area founded by SFD is 57% higher than for GFED4 and 43% more than GFED4s.
The higher differences are observed after the fire season in January, especially in February and March.

The emissions derived from these burned area databases are shown in figure 5. The observed trends
are similar to those observed in burned area. The amount of carbon emitted by SFD is 56% higher than
GFED4 and 37% in comparison with GFED4s.
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Figure 5 - Emissions for SFD, GFED4 and GFED4s

4. Discussion and conclusions

This study analyzes six different tiles of the new SFD produced by the Fire cci project. We
compared the SFD at pixel level with the standard product MCD64 collection 6 in terms of total
burned, number of fires and fire size distribution. We derive emissions at 0.25° grid using the GFED
model and we show a comparison between SFD, GFED4 and GFED4s.

The results obtained in the comparison at pixel level reveal that there is a significant difference
between the SFD and MCD64. Those differences represent almost the 50% of the total burned.
Between both products, there is an agreement solely in the big fires (>100 ha) with only 8% difference.
For the rest of the fire sizes, MODIS detects less burned area even above the minimum resolution that
the sensor can detect (25-100 ha). The total burned area is 29% less than for the Sentinel product for
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these fire intervals. The underestimation of the MCD64 product is related in part to the influence of
the small fires but also with the mixed signatures that comes from other surface reflectances.

In terms of number of fires the SFD detect more in all the observed intervals, even in the biggest
fire range where MCD64 shows more burned area. This indicates that the SFD shows smaller and
more fragmented fires than MODIS because of the resolution effect. The smallest fire categories (0.04-
1 ha) represent less than the 10% of the total burned, but in number of fires are the 84% of the total
fire events. In this context, small fires (<25 ha) are 98.8% of the total ignitions and group 37% of the
total burned area with events of 0.04-1 ha being the most common fire size (53% of the total).

The differences in amount of burned area between GFED4 and SFD is 57% while for GFED4s is
43%. For GFEDA4 the differences are higher than the observed at pixel level (50%) because this model
uses the data provided by the collection 5 instead of the sixth from the MCD64. Furthermore, when
including small fires in GFED (GFED4s), the emissions are still lower than from the SFD. Those
differences, located mainly between February and May, are related with the sensitivity of the active
fire observations. GFEDA4s estimates the contribution of the small fires using the fraction of hotspots
that are located out of the burned area from the MCDG64. The basic principle is that the active fires
observations are more sensitive to fires than their native resolution. That approximation is a result of
a statistical analysis, while SFD is purely based on higher resolution observation. The differences in
terms of emissions between the analyzed products are slightly lower than the one founded in burned
area. Emissions are dependent on other factors like the biomass or land cover. In this case, the
estimations provided by GFED4s are 6% closer to the SFD than the burned area approximation.

Despite this study is limited in temporal and spatial extent, the results confirm the evidences of
other researches (Randerson et al. 2012) that small fires have a significant impact in terms of burned
area and emissions. To better characterize the role of the small fires and their influence on climate,
further efforts to develop long time series of high resolution burned area maps are vital.
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