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A B S T R A C T   

A methodology to estimate the extent of areas affected by forest fires, as well as the burn severity levels using 
Sentinel 2 images (10 and 20 m) is proposed and applied to the fires occurred in October 2017 in Spain and 
Portugal. An extension larger than 250,000 ha and 4 burn severity levels (low, moderate, high and very high) 
have been obtained. The comparison with the European Forest Fire Information System (EFFIS), which uses 
MODIS images (250 m), shows that the methodology improves the area estimate by 10 % in commission area. In 
terms of burn severity levels, the Separability index (SI) and the Kappa statistic (k) show a high correlation 
between Sentinel-2 and EFFIS (SI values higher than one in all cases and k higher than 0.69, respectively).   

1. Introduction 

Forest fires, together with climate change and drought, are consid
ered one of the main disturbances, which cause, among other impacts, 
the destruction of vegetation in the Iberian Peninsula (Sousa, 1984). 
Climate change entails a major challenge for forests, particularly for 
Mediterranean areas, where the probability of extreme events is ex
pected to increase (Lindner et al., 2010). In recent years, the tempera
tures increasing and the precipitation decreasing have led to an increase 
in fires hazard (Vilar et al., 2016) and, therefore, a higher emission of 
gases (CO2, CO, and CH4) related to the greenhouse effect (Seiler and 
Crutzen, 1980; Bergamaschi et al., 2000). As a result of the high severity 
level achieved in some fires, human life, infrastructures and ecosystem 
services have been put at risk (Vega et al., 2013). However, there are 
cases where forest fires help the ecosystem such as crop fields (once 
harvested) are usually burned in order to fertilize the soil and eliminate 
the bad weed before sowing (Vélez et al., 1990). 

Nowadays, remote sensing is a key tool for the monitoring, analysis 
and restoration of burned areas on a global and regional scale, because it 
provides reliable and quick results and allows rapid diagnosis over 
burned areas for post-fire mitigation activities (Chuvieco et al., 2003; 

Chuvieco, 2009; Sobrino et al., 2019). In this sense, the multispectral 
instrument (MSI) aboard the satellite constellation Sentinel-2 offers the 
possibility of obtaining information in medium and high spatial reso
lution (10− 20 m) (ESA, 2015; Van der Meer et al., 2014; Van der Werff 
and Van der Meer, 2015). In addition, the MSI sensor provides spectral 
information in different bands, being the near infrared (NIR) and the 
short wave infrared (SWIR) the regions where there is the highest dif
ference between burned and unburned area (Fernández-Manso et al., 
2016; Escuin et al., 2008). Recent studies, using Sentinel-2 spectral 
indices, show a high correlation with burned areas and burn severity 
levels within burned areas measured in fieldworks (Fernández-Manso 
et al., 2016; Lutes et al., 2006; Mallinis et al., 2018; Huang et al., 2016). 
The most commonly used index is the differenced Normalized Burn 
Ratio (dNBR) with bands in the NIR and SWIR regions (Fernández-
Manso et al., 2016). This index considers the NIR and SWIR spectral 
regions because they are less sensitive to atmospheric effects, and can 
accurate quantify the vegetation affected and the reduction of canopy 
moisture (a decrease in NIR regions and increase in SWIR region in the 
post-fire scenario) (Teodoro and Amaral, 2019; Amos et al., 2019). 
Therefore, the higher reflectance difference (higher than 0) between NIR 
and SWIR regions, the higher fire burn severity degree. The dNBR index 
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can also provide information on vegetation regeneration. Once vegeta
tion regeneration has begun, the fire scar will begin to reflect a stronger 
signal in the NIR region of the spectrum because healthy plants reflect 
strongly in the NIR portion due to the properties of chlorophyll. 
Therefore, negative values of dNBR indicate regeneration of vegetation. 
It is also necessary to take into account the time elapsed between the fire 
occurrence and the images acquisition in order to be able to verify which 
moment is better suited to reality. For this reason, pre and post-fire 
images should be chosen as close to the fire date as possible or it 
could negatively impact their dNBR values. Multitemporal remote 
sensing data can provide information before, during and after a wildfire, 
which can improve the surface characteristic changes detection of burnt 
areas including fuel consumption, soil color alteration and vegetation 
recovery (White et al., 1996; Chen et al., 2011). 

In addition to Sentinel-2 burned area detection and burn severity 

levels, the Copernicus program is the main source of European wildfires 
information. Specifically, the European Forest Fire Information Service 
(EFFIS), which is a meteorological and satellite mapping system data
base developed by the Joint Research Centre (JRC) and the Copernicus 
Emergency Mapping Service (EMS), with worldwide coverage, ad
dresses a wide range of emergencies resulting from disasters (Giglio 
et al., 2003; Roy et al., 2005, 2007; Neumann et al., 2007; Twele, 2004; 
Navarro et al., 2017). 

To validate burned area results, MAPAMA (Ministerio de Agri
cultura, Pesca y Alimentación), ICNF (Instituto para a Conservação da 
Natureza e das Florestas), and EMS (Emergency Mapping Service) maps 
are used as references. In burn severity levels sense, the EFFIS data is 
used because is the only reference information at global level. These 
burned areas reference data are based on GPS measurements, regional 
cartography and remote sensing data and the EFFIS data is based on 

Fig. 1. (a) Wildfires study region located in northwestern Spain (color green) and in Portugal (color blue). (b) Focus map of Galicia wildfires region with burned 
areas perimeters (red color). (c) Focus map of Portugal wildfires region with burned areas perimeters (red color). The reference coordinate system is WGS 84 / UTM 
zone 29 N (EPSG: 32,629) and the water areas are masked (blue color). (For interpretation of the references to colour in the Figure, the reader is referred to the web 
version of this article). 
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dNBR algorithm using the Moderate Resolution Imaging Spectroradi
ometer (MODIS) sensor. 

The aim of this article is to demonstrate the use of Sentinel-2 dNBR 
index as a good alternative to EFFIS estimate to delimit fire perimeters 
(quantifying burned areas) and asses the burn severity levels in the 
vegetation strata within burned areas in Iberian Peninsula (Spain and 
Portugal) in October 2017. 

2. Materials and methods 

2.1. Study area 

The wildfires events exposed in this article occurred in Galicia 
(northwestern Spain) and in Portugal during the autumn of 2017, (all of 
them bigger than 500 ha). Those fires burned more than 250,000 ha 
from 2 to 16 October (Fig. 1), aff ;ecting both forest and wildland–urban 
interface areas. According to the 2012 Corine Land Cover (CLC2012), 
the study fires aff ;ected mainly broad-leaved forest (25 %), coniferous 
forest (15 %), mixed forest (10 %), shrubland (30 %) and transitional 
woodland-shrub (20 %) (Ministerio de Agricultura, Pesca y 
Alimentación, 2020; Instituto para a Conservação da Natureza e das 
Florestas, 2020; Cardil Forradellas et al., 2016; Fernandes et al., 2019; 
Büttner, 2014). 

2.2. Sentinel-2 data 

In this study, 11 Sentinel-2 tiles (44 images) were downloaded for 
Spain and Portugal regions, being all of them level 2A (atmospherically, 
radiometrically and geometrically corrected) (Büttner, 2014; Coperni
cus Open Access Hub, 2020; Kaufman and Sendra, 1988). The down
loaded images are as close as possible to the fire without the presence of 
clouds (during October 22 to November 11 the study area was mostly 
covered by clouds). Table 1 shows a summary of all images used in this 
study (the days before and after the fire for each sensing date are shown 

in parentheses) and Table 2 shows the Sentinel-2 original bands with 
their respective central wavelengths (ESA, 2015). 

2.3. EFFIS data 

The European Forest Fire Information Service (EFFIS) algorithm was 
initially implemented in 2003 to map burned areas during the fire sea
son (Miller and Thode, 2007; Picotte and Robertson, 2011; San-Migue
l-Ayanz et al., 2012). The Rapid Damage Assessment (RDA) module of 
EFFIS, maps burned areas during the fire season by analyzing daily 
images of Moderate Resolution Imaging Spectroradiometer (MODIS), 
aboard TERRA and AQUA satellites, using the red and near infrared 
bands (250 m), the short wave infrared bands (500 m) and the active fire 
product of MODIS (1 km) (Giglio et al., 2003; Roy et al., 2005, 2007). 
EFFIS provides the daily update of the perimeters of burnt areas in 
Europe for fires of about 30 ha or larger, twice every day. Small burnt or 
un-burnt areas below the spatial resolution of the MODIS imagery are 
not mapped; these may include small unburned islands inside the burnt 
area (Roy et al., 2005, 2007; Neumann et al., 2007). The omission of 
these small burned and unburned areas will mean an increase in omis
sion and commission errors, respectively, impacting in total burned 
area. Furthermore, fire severity is estimated using the differenced 
Normalized Burn Ratio (dNBR) algorithm (250 m) and verified through 
correlation with field-estimated fire effects (Lutes et al., 2006; Twele, 
2004). In this study, EFFIS fire severity is used for Sentinel-2 dNBR 
validation. Clouds of MODIS data are removing using a cloud mask 
based on the MOD35 product at 1 km resolution (Ackerman, 1997). 

For this study, the dates of the burned areas obtained by EFFIS range 
from the same day that the fire was extinguished to 10 days later 
(depending on fire). For burn severity, dates are not available. 

2.4. Reference data 

For Spanish burned areas, MAPAMA service uses GPS data combined 
with burnt area cartography obtained by fire experts, meanwhile, in 
Portugal, ICNF service uses a combination of GPS data, Landsat-8 sat
ellite images (Barsi et al., 2014) and EFFIS information. The spatial 
resolution of MAPAMA and ICNF data is not available, except Landsat-8 
(15–100 meters and EFFIS (250 m). In addition, ICNF data has been 
improved with the contribution of the EMS delineation map (ID: 
EMSR250), which use detects the presence of unburned islands within 
burned areas (Emergency Mapping Service (EMS, 2019). For Portugal 
forest fires, the EMS burned areas map is based in high spatial resolution 
remote sensing data as Sentinel-2 (10− 20 meters), SPOT-6 (2–8 meters) 
and SPOT-7 (2–8 meters) satellite images (Emergency Mapping Service 
(EMS, 2019; Sedaghat and Ebadi, 2015; Toth and Jóźków, 2016). 
Moreover, for burn severity levels case, EFFIS data is used as a reference 

Table 1 
Sentinel-2 images downloaded tiles with their respective sensing dates (the days 
before and after the fire for each sensing date are shown in parentheses).  

Country Sentinel- 
2 Tiles 

Sensing dates 

Pre 
(less than 
24 h 
(Galicia) 
and 30 days 
(Portugal) 
before first 
wildfire) 

Post-1 
(29 days 
(Galicia) 
and 26 days 
(Portugal) 
after last 
wildfire) 

Post-2 
(69 days 
(Galicia) 
and 66 days 
(Portugal) 
after last 
wildfire) 

Post-3 
(106 days 
(Galicia 
and 
Portugal) 
after last 
wildfire) 

Spain 
TNG 02/10/ 

2017 
14/11/ 
2017 

24/12/ 
2017 

30/01/ 
2018 

TNH 
02/10/ 
2017 

14/11/ 
2017 

24/12/ 
2017 

30/01/ 
2018 

Portugal 

TNE 
12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018 

TME 12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018 

TNF 12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018 

TMF 
12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018 

SMD 
12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018 

SND 12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018 

SPD 
12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018 

TPE 
12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018 

TPF 
12/09/ 
2017 

11/11/ 
2017 

21/12/ 
2017 

30/01/ 
2018  

Table 2 
Sentinel-2 bands with their respective central wavelengths and spatial 
resolutions.  

Number of 
band 

Name Central wavelength 
(nm) 

Spatial resolution 
(m) 

1 Coastal 
aerosol 

443 60 

2 Blue 490 10 
3 Green 560 10 
4 Red 665 10 
5 Red-edge 1 705 20 
6 Red-edge 2 740 20 
7 Red-edge 3 783 20 
8 NIR 842 10 
8a NIR narrow 865 20 
9 Water vapour 945 60 
10 Cirrus 1375 60 
11 SWIR 1 1610 20 
12 SWIR 2 2190 20  
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because it is the only source of information that provides burn severity 
results on a periodic basis and for the whole of Europe (European Forest 
Fire Information System (EFFIS, 2020). This information was acquired 
by request using the website steps. 

2.5. Preprocessing 

Firstly, all Sentinel-2 bands used for the calculation of spectral 
indices have been resampled (from 20 to 10 m) and clipped using SNAP 
software (Novák et al., 2018). Despite having checked for the presence 
of clouds prior to downloading images, it ensures the removal of pixels 
classified as clouds using the Scene Classification Image (SCL) mask 
(Copernicus Open Access Hub, 2020; Kaufman and Sendra, 1988). To 
find out which bands best discriminate between unburned and burned 
areas, Fig. 2 shows a comparison of all Sentinel-2 bands reflectances 
inside burned areas, except bands 1, 9 and 10 because they are related to 
the study of the atmosphere and not to the land surface (Table 2), for the 
four study dates (Table 1). 

The comparison of Sentinel-2 spectral curves in all study dates 
(Fig. 2) indicates some conclusions. Firstly, there is a decrease in 
reflectance in the Green and NIR spectrum regions between the Pre and 
Post fire images (disappearance of vegetation cover) and an increase in 
reflectance from 2200 nm (SWIR 2 band) over time due to the decrease 
in water absorption. Second, in the case of post-fire images, reflectance 
increases in all regions (especially in the SWIR zone) over time. In 
addition, there is a similarity between healthy vegetation areas and the 
pre-fire image, and between bare soil areas and post-fire images (with 
the passing of time, the burned trees fall and, for this reason, the simi
larity with ground increases). 

It is therefore concluded that the appropriate index for discrimi
nating between burned and unburned areas is that which contains in
formation in the NIR and SWIR spectrum regions. This is the case of the 
Normalized Burn Ratio (NBR) and the differenced NBR (dNBR), which is 
the index chosen, are obtained (Eq. 1 and Eq. 2) (Lutes et al., 2006; 
Mallinis et al., 2018; Amos et al., 2019; Huang et al., 2016; Key and 
Benson, 2005). 

NBR =
(NIR − SWIR)
(NIR + SWIR)

(1)  

dNBR = NBRPRE− FIRE − NBRPOST − FIRE (2) 

The dNBR index is very useful to determine burn surfaces and burn 
severity levels. It could be classified according to the classification 
proposed by the United States Geological Survey (USGS) but, in this 
study, the classification used is the proposed by EFFIS (Table3) (Twele, 
2004; Key and Benson, 2005; U.S. Geological Survey, 2016) because the 
results obtained will be compared with EFFIS results. 

Burned area pixels values are all those higher than or equal to 0.1 
(low severity or higher based on Table 3 values). As the aim of this study 
is to analyze large forest fires, all forest fires below 500 ha are eliminated 

using the QGIS 2.18 raster to polygon tool. This process involves that 
EFFIS omission errors are minimized more than EFFIS commission er
rors because the capability of missing a small fire is reduced. 

In addition, in the study area, the water bodies are removed in order 
to avoid noise pixels in dNBR algorithm image. In this sense, the 
Normalized Difference Water Index (NDWI) is proposed (Eq. 3) 
(McFeeters, 1996). 

NDWI =
(Green − NIR)
(Green + NIR)

(3) 

Fig. 3, shows an example of the different dNBR images obtained in 
Galicia and Portugal using Sentinel-2 (for Post-1 sensing date) and EFFIS 
data. 

2.6. Fire perimeter delimitaion 

The fire perimeter delimitation result is based on the comparison 
between the spectral index dNBR (using Sentinel-2 post fire images or 
EFFIS) and the reference perimeters (GPS, EMS and ICNF perimeters) 
(Amos et al., 2019; Filipponi, 2019; Brown et al., 2018; Teodoro and 
Amaral, 2019; Key and Benson, 1999). First of all, the spectral indices 
(SPI) are reclassified using a threshold of 0.1 (low severity or higher 
based on Table 3 values) where burned areas are pixels which value is 1 
and unburned areas are pixels which value is 0. s, reference perimeters 
(RP) are also reclassified where burned areas are pixels which value is 2 
and no burned areas are pixels which value is 0. Finally, both perimeters 
are summed and interpreted following the classification in Table 4. 

To analyze the accuracy of pixel values (Table 4), the following al
gorithms are used: 

Coincidence Area (COI) =
COIP

COIP + OP
∗100 (4)  

Omission Area (OM) =
OP

COIP + OP
∗ 100 (5)  

Commission Area (COM) =
CP

COIP + CP
∗ 100 (6) 

The result of Eqs. 4,5 and 6 are expressed in percentages. The coin
cidence area (COI) measures the SPI capacity to correctly delineation the 
burned area compared to the RP. The omission area (OM) measures the 
pixels, which SPI detects as fire, but the RP detects as no fire. Otherwise, 
the commission area (COM) measures the pixels, which SPI detects as no 
fire, but the RP detects as fire (Amos et al., 2013; Huesca et al., 2013; 
Hermosilla et al., 2017). 

2.7. Burn severity levels 

The burn severity levels result is based on the spectral index dNBR 
(using Sentinel-2 post fire images) classified using the EFFIS thresholds 
(Table 3). To assess the separability of the Sentinel-2 burn severity 
levels, the Separability Index (SI) is applied in this study (Eq. 7) (Kauf
man and Remer, 1994; Lasaponara, 2006; Pereira, 1999). 

SI =
|μ1 + μ2|

σ1 − σ2
(7) 

Fig. 2. Comparison of all Sentinel-2 bands reflectances inside burned areas, 
except bands 1, 9 and 10, for the four study dates (Pre, Post-1, Post-2 and 
Post-3). 

Table 3 
Differenced Normalized Burn Ratio (dNBR) thresholds proposed by the 
European Forest Fire Information Service (EFFIS).  

EFFIS thresholds Severity Level 

dNBR < 0.100 
0.100 ≤ dNBR ≤ 0.255 
0.256 ≤ dNBR ≤ 0.419 
0.420 ≤ dNBR ≤ 0.660 
dNBR > 0.660 

Unburned / Very Low 
Low 
Moderate 
High 
Very High  
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where, on the one hand, μ1 and μ2 are the mean values of Sentinel-2 
dNBR index, for random points (obtained using the QGIS 2.18 random 
points tool) within EFFIS and Sentinel-2 coincidence perimeter, at each 
EFFIS burn severity degree (Table 3). The random points obtained are 
based on a burned surface criteria (larger burned area, more points in
side). On the other hand, σ1 and σ2 are the standard deviations of 
Sentinel-2 dNBR index for each point. Values of SI higher than 1 show 
that the index allows for a good separation between Sentinel-2 burn 
severity levels (Lasaponara, 2006). Fig. 4 shows the spatial distribution 
of these points in Galicia and Portugal fires and Table 5 summarizes the 
number of validation points for each EFFIS burn severity level. 

The 83 points classified as unburned / very low severity are due to 

Fig. 3. (a) Sentinel-2 dNBR image using Post-1 images in Galicia wildfires; (b) EFFIS dNBR image in Galicia wildfires; (c) Sentinel-2 dNBR image using Post-1 images 
in Portugal wildfires; (d) EFFIS dNBR image in Portugal wildfires. Water areas are masked (blue color). (For interpretation of the references to colour in the Figure, 
the reader is referred to the web version of this article). 

Table 4 
Interpretation of the fire perimeter delimitation results where SPI is 
Spectral Indices and RP is Reference Perimeters.  

Pixel Values Classes 

SPI + RP = 0 
SPI + RP = 1 
SPI + RP = 2 
SPI + RP = 3 

No Fire Pixels (NF) 
Commission Pixels (CP) 
Omission Pixels (OP) 
Coincidence Pixels (COIP)  
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the different ways that EFFIS uses to obtain burned areas and burn 
severity. First, burned areas are obtained by a combination of unsu
pervised and supervised classification. After this, burn severity is ob
tained by dNBR algorithm. Therefore, when the severity is obtained, 
areas where the severity is very low or even unburned could appear. 

In addition to SI, in general, previous studies use other methodolo
gies for burn severity assessment as the confusion matrix (Muñoz, 2016; 
Congalton, 2001) which allows demonstrate the correlation between 
Sentinel-2 and EFFIS results. The confusion matrix provides three 
different results of accuracy: a) omission error (error related to the 
percentage of EFFIS data properly classified for each burn severity de
gree); b) commission error (error related to the percentage of Sentinel-2 
dNBR data properly classified for burn severity degree; c) Kappa statistic 
(displays the agreement percentage of a classification, after removing 
the portion due to randomness). Their values range from zero to one, 
being the value 1 the case of total agreement (Congalton and Green, 
2002). 

3. Results 

Table 6 shows the fire perimeter results for each index (the EFFIS 
dNBR and the Sentinel-2 dNBR index using different post-fire sensing 
dates displayed in Table 1) where the highest values of Coincidence Area 
(COI) and the lowest values of Omission Area (OM) and Commission 
Area (COM) determine the best index to differentiate between burned 
and unburned areas. The results are expressed in ha and percentages. 

The assessment of the fire perimeter delimitation was carried out 
using Eqs. 4,5 and 6 (Amos et al., 2019; Petropoulos et al., 2011). The 
results, displayed in Table 6, show the dNBR Post-1 index as the best 
choice (taking into account the COI, OM and COM values) to differen
tiate between burned an unburned areas (245,632 ha (91 %), 25,192 ha 
(9%) and 39,427 ha (14 %)). Nevertheless, this index results are very 
similar to the dNBR Post-2 indices (a 5% of difference as maximum). In 
addition, the EFFIS dNBR index is the most similar to dNBR Post-1 index 
in COI and OM variables but, in COM sense, the error is an 11 % higher 
(75,737 ha (24 %)). 

Besides in the case of fire perimeter results, Table 7 shows the burn 
severity levels results for each index where the highest values of Sepa
rability Index (SI) determine the best index to differentiate between the 
different burn severity levels. 

The dNBR Post-3 image shows the highest SI between Unburned / 
Very Low - Low and Moderate – High (1.20 and 1.29, respectively), and 
the dNBR Post-1 image shows the highest SI between Low – Moderate 
and High – Very High (1.13 and 1.23, respectively). However, the dNBR 
Post-2 image hows the lowest SI between Unburned / Very Low - Low 
and High – Very High (1.02 and 1.11, respectively), the dNBR Post-3 
image shows the lowest SI between Low – Moderate (1.04) and the 
dNBR Post-1 image shows the lowest SI between Moderate – High 
(1.21). In Global sense, both dNBR Post-1 image and dNBR Post-3 image 

Fig. 4. (a) Spatial distribution of random points in Galicia wildfires; (b) Spatial distribution of random points in Portugal wildfires. Reference fire perimeters (black 
colour) for Spain (MAPAMA) and Portugal (ICNF, EMS) fires are displayed. 

Table 5 
Number of validation points for each EFFIS burn severity degree.  

Burn severity levels Number of points 

Unburned / Very Low 
Low 
Moderate 
High 
Very High 
Total 

83 
250 
465 
906 
780 
1500  

Table 6 
Fire perimeter results based on Coincidence Area (COI), Omission Area (OM) 
and Commission Area (COM), and using the EFFIS and the Sentinel-2 (for each 
post-fire sensing date displayed in Table 1) differenced Normalized Burn Ratio 
(dNBR) index for Galicia and Portugal wildfires. The results are expressed in ha 
and percentages (in parentheses).   

Remote sensing indices  

Post-1 Post-2 Post-3 EFFIS 
COI 245,632 ha 

(91 %) 
239,000 ha(89 
%) 

230,855 ha(86 
%) 

243,419 ha(90 
%) 

OM 25,192 ha(9%) 30,927 ha(11 
%) 

39,071 ha(14 
%) 

26,507 ha (10 
%) 

COM 39,427 ha(14 
%) 

39,255 ha(14 
%) 

37,211 ha(14 
%) 

75,737 ha (24 
%)  

Table 7 
Burn severity levels results based on the Separability Index (SI), and using the 
random points displayed in Fig. 4 and Table 5, the EFFIS and the Sentinel-2 (for 
each post-fire sensing date displayed in Table 1) differenced Normalized Burn 
Ratio (dNBR) index for Galicia and Portugal wildfires.   

Remote sensing indices  

Post-1 Post-2 Post-3 
Unburned / Very Low - Low 1.06 1.02 1.20 
Low – Moderate 1.13 1.11 1.04 
Moderate – High 1.21 1.23 1.29 
High – Very High 1.23 1.11 1.12 
Global 1.16 1.12 1.16  
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(show the highest results (1.16) but dNBR Post-2 image shows the lowest 
result (1.12). 

In addition to SI results, Table 8 shows the omission (OE) and com
mission (CE) errors obtained for each burn severity degree and Sentinel- 
2 index and Table 9 shows the Kappa statistic (k) for each Sentinel-2 
dNBR index. 

The dNBR Post-1 image provides the highest results in OE (21 %), CE 
(22 %) and k (0.73), but with similar values to dNBR Post-2 image and 
Post-3 image (Table 8 and 9). The burn severity degree with the highest 
result is very high, which OE range is between 8 and 13 % and CE range 
is between 7 and 12 %. On the contrary, the burn severity degree with 
the lowest result is moderate, which OE range is between 31 and 39 % 
and CE range is between 30 and 35 %. 

4. Discussion 

The European Forest Fire Information Service (EFFIS) provides a 
large amount of global fire perimeters, burned areas and burn severity 
levels but, in some cases, it has some limitations which can be improved 
(San-Miguel-Ayanz et al., 2012). Until now, most of the work related to 
remote sensing and forest fires was carried out using images time series 
with low spatial resolution (as in the case of the MODIS sensor). Other 
studies also use a group of spectral indices and only two images (pre and 
post-fire) with medium and high spatial resolution (Sentinel-2 and SPOT 
images, among others) (Navarro et al., 2017). For this reason, this work 
incorporates the innovation of using Sentinel-2 with more than one post 
fire image applied in Galicia and Portugal wildfire events but due to the 
presence of clouds, the first downloaded images are one month after the 
fires were extinguished (11–14 of November 2017). 

The comparison of Sentinel-2 spectral curves (in all study dates) 
shows a high correlation between Near Infrared (NIR) and Short Wave 
Infrared (SWIR) to discriminate between healthy vegetation and burned 
areas. For this reason, this study uses the differenced Normalized Burn 
Ratio (dNBR) which contains information in the NIR and SWIR spectrum 
regions and it is commonly used in burned areas detection (Key and 
Benson, 2005). 

The EFFIS fire perimeter data is provided with a high temporal fre
quency (two times per day against five days in Sentinel-2 sense) but with 
low spatial resolution (250 m against 10 or 20 m in Sentinel-2 sense). For 
this reason, using the Sentinel-2 dNBR, slightly more accurate results are 

obtained (especially in the case of commission errors where Sentinel-2 
commits 35,000 Ha (10 %) less than EFFIS, in all cases) comparing 
them with the reference data (GPS perimeters and high resolution im
ages). In addition, it should be noted that the Sentinel-2 errors observed 
may be lower. Firstly, some omission errors would be due to internal 
islands (unburned areas within the fire) that the reference image does 
not detect. Secondly, some of the commission errors would be due to 
areas that are difficult to access for GPS data collection. It is also 
important to highlight that the results are better when a post fire image 
is used as close as possible to the fire extinction date (over time, climate 
factors such as rain can disturb results). This study results differ from 
previous studies that use EFFIS data or high spatial resolution images as 
reference data. In this work, the best COI and COM values are lower than 
the study carried out by Donezar-Hoyos et al., 2017 (2335 ha (99 %) of 
COI and 995 ha (30 %) of COM), using Sentinel-2 images and Pléiades 
image (0.5 m of spatial resolution) as reference data, but the Done
zar-Hoyos et al., 2017 OM value is lower than the obtained in this study 
(24 ha (1%) of OM) (Bernard et al., 2012). In contrast, in Donezar-Hoyos 
et al., 2017 study, the burned area analyzed are less than in this study, 
therefore, the possibility of commit errors are less than in this study). 
Another example is the study realized by Boschetti et al., 2008, which 
uses the MODIS fire product (MCD45) and the EFFIS data as reference 
data (Boschetti et al., 2009). In this case, the fire perimeter results are 
very similar but lower than obtained in this study (242,900 ha (89 %) of 
COI, 49,758 ha (17 %) of COM and 29,263 (11 %) of OM) (Arellano, 
et al., 2017). The use of a low spatial resolution data satellite data as 
MCD45 (500 m) in Boschetti et al., 2008 study has the limitation of small 
burned areas detection (less accuracy in COI, OM and COM results). 

Finally, the assessment of the burn severity levels was carried out 
using the Separability Index (SI) showed in Eq. 7 (Kaufman and Remer, 
1994; Lasaponara, 2006; Pereira, 1999) and the confusion matrix results 
showed in Table 8 and 9. Table 7 shows a good discrimination between 
burn severity levels based on all the SI results are higher than one 
(Lasaponara, 2006). The dNBR Post-1 image and the dNBR Post-3 image 
provide the best results (SI equal to 1.16), but the dNBR Post-2 image 
provides a similar result (SI equal to 1.12). In addition, confusion matrix 
global results obtained in this study (OE between 21 and 26 %, CE be
tween 22 and 24 % and Kappa (k) between 0.69 and 0.73) are different 
than obtained by Arellano et al., 2017 using the CBI field measurements 
as reference data (OE between 20 and 21 %, CE between 20 and 29 % 
and k equal to 0.56) (Boschetti, et al., 2008). The OE and CE results 
obtained in this study are lower than the OE and CE obtained by Are
llano et al., 2017 but in the case of Kappa, it is the opposite. The reason 
of this is that, in Arellano et al., 2017 study, are used three burn severity 
levels (low, moderate and high) and the Kappa statistic functions better 
when it has more classes (Muñoz, 2016; Congalton, 2001; Congalton and 
Green, 2002). In addition, it is important to taking into account that 
Kappa statistic has some limitations related to accuracy as randomness 
and redundant results when it measures overall accuracy (Rozario et al., 
2018; Pontius and Millones, 2011; Ye et al., 2018). 

5. Conclusions 

The present study aimed a methodology to estimate the burned areas 
extent and the burn severity levels using Sentinel-2 images to the fires 
occurred in October 2017 in Spain and Portugal. The results obtained 
showed that Sentinel-2 dNBR provides a useful alternative to EFFIS data 
in wildfire works. 

On one hand, this study shows that, for Galicia and Portugal areas, 
the images several months after the fire date offer satisfactory results 
(coincidences higher than 230,000 ha (85 %) and errors less than 40,000 
ha (15 %) in all cases). Hence, in fire perimeter delimitation sense, this 
article concludes that Sentinel-2 dNBR is a good alternative to EFFIS fire 
perimeter, especially when there is a need to detect details inside the fire 
(results with higher spatial resolution work slightly better than results 
with higher temporal resolution). 

Table 8 
Omission (OE) and Commission errors (CE) based on the matrix confusion, and 
using the random points displayed in Fig. 4 and Table 5, the EFFIS and the 
Sentinel-2 (for each post-fire sensing date displayed in Table 1) differenced 
Normalized Burn Ratio (dNBR) index for Galicia and Portugal wildfires.   

Remote sensing indices  

Post-1 Post-2 Post-3  

OE (%) CE (%) OE (%) CE (%) OE 
(%) 

CE 
(%) 

Unburned / Very Low 8 17 26 23 21 8 
Low 30 31 27 32 42 37 
Moderate 37 30 39 32 31 35 
High 20 26 24 22 24 27 
Very High 10 7 8 11 13 12 
Global 21 22 25 24 26 24  

Table 9 
Kappa statistic (k) based on the matrix confusion, and using the random points 
displayed in Fig. 4 and Table 5, the EFFIS and the Sentinel-2 (for each post-fire 
sensing date displayed in Table 1) differenced Normalized Burn Ratio (dNBR) 
index for Galicia and Portugal wildfires.   

Remote sensing indices  

Post-1 Post-2 Post-3 
Kappa (k) 0.73 0.72 0.69  
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On the other hand, the EFFIS burn severity service is the unique 
global information provided openly now. However, it is only provided as 
soon as they have the best images available (in some cases, two times per 
year). The statistical analyses carried out in this study (Separability 
index (SI) and confusion matrix) show a good correlation with all EFFIS 
burn severity levels. SI analysis shows a good discrimination between 
burn severity levels (all the values are higher than 1) in all post fire 
images, but in matrix confusion sense, as in the case of fire perimeter 
delimitation, the results are slightly better when a post fire image is used 
as close as possible to the fire extinction date. Finally, the Kappa statistic 
shows a substantial agreement between EFFIS and Sentinel-2 burn 
severity levels (both use the dNBR index). Hence, in burn severity levels 
sense, this article concludes that Sentinel-2 dNBR is a good alternative to 
EFFIS burn severity levels, especially when there is a need to obtain a 
fire severity map with high spatial resolution and temporal frequency (in 
2019, no EFFIS burn severity data are available). 

In conclusion, this article demonstrates the high accuracy of 
Sentinel-2 dNBR index to fire perimeter delimitation and burn severity 
levels assessment as an alternative to EFFIS data. In future works the use 
of a larger and more heterogeneous burned areas database and the 
integration of new spectral indices related to wildfire could be 
necessary. 
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Evaluation of forest fire on Madeira Island using Sentinel-2A MSI imagery. Int. J. 
Appl. Earth Obs. Geoinf. 58, 97–106. 

Neumann, K., Herold, M., Hartley, A., Schmullius, C., 2007. Comparative assessment of 
CORINE2000 and GLC2000: spatial analysis of land cover data for Europe. Int. J. 
Appl. Earth Obs. Geoinf. 9 (4), 425–437. 
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