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ABSTRACT: This analysis concerns an estimation of burned area and fire severity levels
in an area affected by a large wildfire that took place in the South of Spain (Huelva-Sevilla)
in July 2004. Fire severity is defined in this work as the impact caused in vegetation by a
fire. The objective was to find an efficient method for quick fire severity mapping based on
remote sensing techniques that can be useful for post-fire forest management. The Linear
Spectral Unmixing method was applied to post-fire Landsat 5-TM, Envisat-MERIS and
Terra-MODIS images. Two sets of ‘endmembers’ were defined for the Spectral Unmixing
technique: based on severity field data and on landscape components. The latter set
produced the best results. Maps depicting fire severity of three levels of an acceptable
reliability were obtained following a simple method of processing. These preliminary
results show that short-term severity maps can be obtained by means of high to medium
resolution post-fire remote sensing data, in order to evaluate the situation after a forest fire
and plan forest restoration works.

1 INTRODUCTION

The forest fire that started in Minas de Riotinto (Huelva-Andalucı́a) the 27th of July
2004 lasted for four days, burnt around 32000 ha, and was the most devastating wildfire
in Spain in the summer of 2004. The affected forest area was dominated by Pinus pinea
L., Quercus suber L., Quercus ilex L. and Eucaliptus sp. The ecological and economic
consequences were dramatic, as the fire was very severe, and the forest is one of the
main resources for the population from the affected area.

There are different definitions for fire severity, depending on the user requirements.
In this work, fire severity is defined as the impact caused in vegetation by a fire, which
can be estimated by the amount of vegetation surviving after the fire. It is important to
find a quick and affordable methodology for obtaining severity maps that can be made
available only a few days after the fire. The rapidity of this system may be useful in the
creation of preliminary burn severity maps which could prove valuable in the early
stages of rehabilitation planning for large fires, and that can later be replaced by higher
resolution maps.

The goal of this paper is to obtain maps showing the different degrees of damage
affecting vegetation after a wildfire in an effective manner. These maps could be
combined with slope and soil type cartography, in order to locate priority intervention
areas and plan forest restoration works.
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2 MATERIAL

The present work is based on the use of (i) post-fire satellite images, (ii) forest
cartography and (iii) post-fire field data. Three post-fire images acquired by different
sensors were employed, so as to decide which would be the most adequate to fulfill the
stated requirements. Only post-fire images will be employed, as it is considered of great
interest to find a mapping method which avoids the use of pre-fire images.

– Landsat 5-TM (Thematic Mapper), 30m spatial resolution, acquired on the 31st of
July 2004 and delivered by NASA (National Aeronautics and Space Administration).
TM allows global coverage of the Earth every 16 days.

– Full Resolution Level-2 Envisat-MERIS (MEdium Resolution Imaging Spectro-
meter), 300m spatial resolution, acquired on the 14th of August 2004 and delivered
by ESA (European Spatial Agency). MERIS allows global coverage of the Earth
every 3 days.

– Terra MODIS (MODerate Resolution Imaging Spectrometer), acquired on the
30th of July 2004 and downloaded from NASA Earth Observing System Data
Gateway. The MOD09GHK product (MODIS Surface Reflectance Daily L2G
Global 500m SIN Grid) was employed. Terra MODIS achieves a daily global
coverage of the Earth.

Forest cartography was extracted from the European land use database CORINE
Land Cover 2000 (CLC2000, 2006). Land use classes in the affected area were
reclassified in four forest types (coniferous, broadleaved, eucalyptus and mixed forest)
plus one agricultural and one pasture land class, in order to have a vegetation map easy
to use and suitable for the proposed objective.

Post-fire field data were collected within the affected area in October 2004, and they
were employed to define training areas for the image analysis and to verify the obtained
classifications.

Software used for processing and analyzing data involved digital image processing
packages (BEAM 2.2, ENVI 4.1), geographic information systems (ArcView 3.2) and
statistical software (Statgraphics Plus 4.1).

3 METHODOLOGY

3.1 Definition of three levels of fire severity

In the present work, three levels of fire severity were established: high, moderate and
low, as well as an unburned class. These three levels are considered suitable for forest
management purposes, and they are also adequate for mapping severity by means of
remote sensing data (González-Alonso et al., 2005; Rogan, 2005; Ruiz Gallardo
et al., 2004a, 2004b; Key and Benson, 2004; Navarro Cerrillo et al., 1998). A visual
classification of fire severity, adapted to Mediterranean vegetation characteristics by
Ruiz-Gallardo (2004a), was chosen for the field assessment. This classification was
found suitable according to the objectives of the work, as it is based in evaluating the
damage caused by a fire to the vegetation cover, and does not require an extensive
field campaign.
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3.2 Image pre-processing

Co-registration was performed on the images and on the CLC2000, in order to be able to
compare the different sources of information, and to avoid problems when locating the
GPS points.

Landsat 5-TM digital numbers were transformed into Top of Atmosphere reflectance
data (Chuvieco, 2000; Ruiz Gallardo, 2004a), but no atmospheric or topographic
corrections were applied, as they require a long period of processing and it was
considered interesting to check how the analysis methods work when these corrections
are not performed. Both MODIS and MERIS products were already corrected, as they
provide ‘surface reflectance’ values.

3.3 Analysis methods

3.3.1 Linear Spectral Unmixing (LSU)
The Linear Spectral Unmixing (Smith et al., 1985) aims at estimating the surface
abundance of a number of pure spectral components or ‘endmembers’ (‘EMs’), together
causing the observed mixed spectral signature of the pixel. The crucial part of the LSU is
the process of selecting the ‘EMs’. Two sets of image ‘EMs’ (van Der Meer and Jong,
2000) were considered:

– Set 1: based on landscape components. Three ‘EMs’ were extracted from areas
representing ‘green vegetation’, ‘bare soil’ and ‘burned surface’ in the image. LSU
performed using this set of ‘EMs’ will be referred to as LSU1. The ‘green vegetation’
and ‘bare soil’ ‘EMs’ were visually selected in the image, while the ‘burned surface
endmember’ was extracted from the pixels associated to sample points affected by
high severity (field survey, see 3.4).

– Set 2: based on severity field data. ‘EMs’ were extracted from pixels where the
sample points were located (field survey, see 3.4). There are three ‘EMs’, where each
one represents one of the three levels of fire severity. It is assumed that every burned
pixel can be decomposed into fractions of high, moderate and low severity. LSU
performed using this set of ‘EMs’ will be referred to as LSU2.

3.3.2 Matched Filtering (MF)
The Matched Filtering technique (Boardman, 1995) is a variation of the LSU method,
where only one ‘endmember’ is considered. MF partially unmixes the spectral data
quantifying the abundance of the defined ‘endmember’ (Vázquez et al., 2001).

3.4 Field survey

A Matched Filtering analysis was applied to the TM image in order to obtain preliminary
fire severity cartography and design the field campaign. The ‘endmember’ was extracted
from areas that could be visually classified as completely burned (high severity) in the
image. A ‘burned area mask’ was made from the resulting MF file, by choosing burned
pixels using a criteria of an MF value over 0.134 (the relative minimum in the histogram
corresponding to the MF file). Those burned pixels were classified into three classes of
fire severity, as shown in Table 1. MF class limits were obtained in previous preliminary
works related to fire severity assessment.
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A 7� 7 Median filter was applied to the classified image, and this produced a
preliminary fire severity map, which was combined with the land-use map extracted
from CLC2000. A new map combining fire severity and forest types was obtained, and
employed to design the field survey.

A rapid field assessment was undertaken in order to ascertain damage. Routes along
vehicular tracks were designed through the affected area, as every combination of fire
severity and forest type was to be considered. Sample sites were located along the
routes, walking 100–200m perpendicular to the track. The following information was
collected in each one of them: (i) GPS coordinates, (ii) Digital photographs, (iii) Visual
assessment of fire severity in the area, by comparing the surrounding 20m and assigning
the site to one of the classes established in 3.1. A total number of 52 sample points were
collected during the field survey. They were divided in two independent sets:

– the ‘training set’ that was used to extract the ‘EMs’ for the LSU method.
– the ‘verification set’ that was used for verification purposes.

3.5 Image classification process

3.5.1 Image processing
First of all, a MF file was obtained from the TM image using the pixels associated to
sample points affected by high severity to define the ‘endmember’. A new ‘burned area
mask’ was made from the resulting MF file, by choosing burned pixels according to those
with an MF value of over the minimum relative of the MF histogram. This mask was
applied to the three images in order to filter unburned pixels in the classification process.

The LSU technique was applied to the masked TM, MERIS and MODIS images,
using the two sets of ‘endmembers’ defined in 3.3.1.

3.5.2 Image Reclassification
Two different methods were used to obtain three-class maps from the files obtained by
applying the LSU technique to the masked TM, MERIS and MODIS images.

– Files obtained from LSU1 contain three bands (one for each ‘endmember’,
corresponding to one landscape component: ‘green vegetation’, ‘bare soil’ and
‘burned surface’). The band corresponding to the ‘burned surface endmember’ was
stratified applying three-class Unsupervised Classification using the ISODATA
algorithm (Tou and González, 1974).

– Files obtained from LSU2 also contain three bands (one for each ‘endmember’,
corresponding to one severity class), and they were reclassified by assigning to each
pixel the severity class associated with the band registering a higher value.
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Table 1. MF class limits for the classification of three levels of fire
severity.

MF value Classes of fire severity

MF minimum relative < MF � 0:5 1
0:5 < MF � 0:9 2
MF > 0:9 3



These automatic methods for segmentation avoid the problem of extrapolating
numeric thresholds to different study areas and situations. The obtained classes are
considered representative of the different levels of fire severity, as the files used as input
for the classifications have been obtained with processing methods applied in order to
evaluate fire severity in burned areas.

3.5.3 Image Filtering
A 7� 7 Median filter was applied to the classifications obtained from TM, in order to
remove isolated pixels, as they could not be considered when planning forest works. No
filtering was applied to the MERIS and MODIS images, due to their coarse spatial
resolution.

3.6 Results verification

Contingency tables were calculated in order to compare classification results with
ground truth information. The Chi-square test was performed to check that both datasets
were not independent, and the Overall Accuracy, Kappa and Kendall’s (tc) coefficients
were obtained to check the degree of association between the two sets of data, at a 5%
confidence level. Kappa varies between 0 and þ1, where þ1 means that the variables
match perfectly. tc ranges from�1 (complete disagreement) toþ1 (perfect agreement).
For both indexes, 0 value means that the variables are independent.

4 RESULTS

For the three images, the best results were obtained when ‘EMs’ were extracted from
landscape components (LSU1), and a three-class Unsupervised Classification was
applied to stratify the band corresponding to the ‘burned surface endmember’(see 3.5).
These classifications were called LanTM1, MER1 and MOD1.

The classifications LanTM2, MER2 and MOD2 were obtained by selecting ‘EMs’
from pixels affected by different levels of fire severity (LSU2) and performing a
reclassification to stratify the resulting files (see 3.5). These classifications produced
worse results than the ones obtained from LSU1, and furthermore the Chi-square test
could not reject the independence for MER2 and MOD2. Table 2 shows verification
results for the six classifications described.
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Table 2. Verification results for the obtained classifications.

Overall Kappa
Satellite-Sensor Classification Accuracy coefficient tc coefficient

Landsat 5-TM LanTM1 64.71 0.39 0.40
LanTM2 55.88 0.13 0.05

Envisat-MERIS MER1 59.46 0.36 0.45
MER2 53.57 0.07 0.15

Terra-MODIS MOD1 57.89 0.34 0.37

MOD2 58.62 0.12 0.14



Figure 1 shows the classifications LanTM1, MER1 and MOD1, and Table 3 shows
the percentage of burned area related to each class of fire severity. As can be observed,
the fire was very severe, since most of the affected area corresponds to either high or
moderate severity levels. The spatial pattern is similar for the different classifications,
and there are only slight differences between surfaces percentages from the different
sensors, that will be analyzed in future work.

5 CONCLUSIONS

The analysis of post-fire images (high and medium spatial resolution) produced fire
severity maps of an acceptable reliability for short-term forest management in burned
areas, which could be useful in order to locate priority intervention areas and plan forest
restoration works.

The Linear Spectral Unmixing technique produced better results when ‘EMs’ were
extracted from landscape components than when they were extracted from pixels
affected by different levels of fire severity. This shows the importance of spectral purity
in the training phase, that can be assumed in the case of landscape components (‘green
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Figure 1. Classifications LanTM1, MER1 and MOD1, with three classes of fire severity.

Table 3. Percentage of burned area related to each class of fire severity for LanTM1, MER1 and
MOD1 classifications.

% surface low % surface % surface
Classification severity moderate severity high severity

LanTM1 19.5 38.1 42.4
MER1 24.8 37.8 37.4
MOD1 18.7 37.4 43.9



vegetation’, ‘bare soil’ and ‘burned surface’), but is less clear in the case of fire severity
levels (‘high ’, ‘moderate’ and ‘low’).

Unsupervised classification and reclassification seem to be valid techniques to obtain
severity classes from files containing a continuous range of values indicative of fire
severity, such as those resulting from Linear Spectral Unmixing. These classification
methods avoid the problem of establishing numeric thresholds that depend on the area of
study and time of acquisition of the images, and which cannot generally be extrapolated
to different situations.

Results obtained using medium resolution images (MERIS and MODIS) do not
differ much from those obtained with high resolution data (Landsat TM). This implies
that affordable, reliable maps could be produced in a very short period.

The proposed methodology would provide users interested in fire severity information
with a rapid, accessible and non-expensive methodology for obtaining fire severity maps.
Nevertheless, a rigorous use, and revision of the methodology is considered necessary in
order to improve and check results, and also to contrast conclusions.
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