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ABSTRACT: Detection and parameterization of forest fires is a task traditionally
performed by polar-orbiting sensors, mainly AVHRR (A)ATSR, BIRD and MODIS.
However, their time resolution is a problem to operate in real time. New geostationary
sensors have proven their capacity for Earth observation. GOES, MSG and MTSAT are
already operative with time resolutions below 30 minutes. The international community
feels that a real-time global observation network may become reality, which is the aim
of the Global Observations of Forest Cover and Land Cover Dynamics (GOFC/GOLD)
FIRE Mapping and Monitoring program, focusing internationally on decision-taking
concerning research into Global Change. This paper shows the operation in real time by
the MSG-SEVIRI sensor over the Iberian Peninsula.

1 INTRODUCTION

Despite its limitations the NOAA-AVHRR sensor has been the most important for fire
detection and has provided a benchmark for subsequent sensors. An excellent revision
of the algorithms used on AVHRR can be found in Li et al. (2000). The case of the
European sensor Advanced Along Track Scanning Radiometer ((A)ATSR) and the
World Fire Atlas from 1997 published by the ESA with the ERS-1 and ERS-2 satellites
data (Arino et al., 2001) has been used to demonstrate its availability to fire detection
(Arino, 2000) and assessment of vegetation fire emissions (Schultz, 2002). The
appearance of the MODIS sensor heralded a significant step forward in the observation
of forest fires (Kaufman & Justice, 1998; Giglio et al., 2003). At this moment, the
MODIS fire product is a consolidated product and a reference for global Earth
observation (Justice et al., 2002). Detection of High Temperature Events (HTE) through
geostationary satellites has been taken into account with the different perspective. The
improvements introduced in the sensors have allowed us to use geostationary satellites
beyond their meteorological capabilities, adapting them to Earth observation. The
minimum fire detection sizes of GOES, MSG and MTSAT, with time resolution less
than 30 minutes have allowed the international community to think that the global
observation network in real time may become reality. The implementation of this
network is the aim of the Global Observations of Forest Cover and Land Cover
Dynamics (GOFC/GOLD) FIRE Mapping and Monitoring program, internationally
focussing on decision-taking concerning research into Global Change. The GOFC/
GOLD FIRE program and the Committee on Earth Observation Satellites (CEOS) Land
Product validation held a workshop dedicated to the applications of the geostationary
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satellites for forest fire monitoring. This workshop was hosted by the European
Organization for the Exploitation of Meteorological Satellites (EUMETSAT), whose
most relevant conclusions can be seen in Prins et al. (2004). The European MSG-1
satellite, the first of the second generation of geostationary satellites operated
by the ESA, was launched in August 2002 and is a spin-stabilized satellite. The
improvements introduced in the new Meteosat generation have enhanced capabilities for
Earth observation (Schmetz et al., 2003). This paper shows the capacity of the SEVIRI
sensor to perform forest fire monitoring in real time. Some analyses are shown in the
particular case of the geographical latitude of the Iberian Peninsula where, during the last
two years, detection campaigns and dissemination of results in real time have
been carried out.

2 METHODOLOGY

Being a geostationary sensor with a time resolution of 15 minutes, the comparison
between successive scenes provides reliable results once the difference temperature
threshold is established for such an interval. Thus, if a time thermal gradient, TTG,
which is much higher than the one considered normal is detected, we will have a HTE.
In order to estimate this gradient let us consider a day’s thermal evolution as a sinusoidal
curve. According to this model, the maximum difference in the MIR standard
temperature between two consecutive SEVIRI scenes is�1:5 K for a thermal oscillation
of around 30 K, which is typical of summer days in middle latitudes. This estimation
agrees with the experimental values found in the analysis of the series of MIR
temperature evolution curves selected for different test sites in the Iberian Peninsula
during summer. Like this, the maximum temperature difference found, in absolute
values, in 98.2% of cases was below 2 K. Only two values above 2.5 K (3.2 and 3.7K)
were found, probably due to strong anomalies in the atmospheric conditions since they
were very hot days with the presence of vertical turbulent effects. The average
differences found, only considering the intervals with thermal variability [05:00–11:00
GMT] and [14:00–20:00 GMT], was 1.2 K, with a standard deviation of 0.5 K. We
therefore considered it appropriate to establish a threshold of 4 K as the temperature
increase value to detect the outbreak of a fire without incurring in false alarms. We
should mention that there are two very well defined daily periods: from sunrise to
midday, in which the temperature increases and where the estimation of 4 K is
appropriate, and the second between midday and sunset, for which a value of 2–4 K
would prove sufficient, being a negative gradient. Detection is easier at night.

In order to estimate the minimum fire size detectable by the SEVIRI sensor,
simulations have been performed by means of MODTRAN code by introducing different
surface and fire temperatures according to different thermal time gradient values. The
radiance observed by sensor was simulated as: Lsensor ¼ p � Lfire þ 1� pð Þ � Lsurface

where p is the surface fraction affected by fire and where two homogeneous phases have
been considered; fire and surface. Lfire and Lsurface are the incoming radiances from fire
and surface. Spectral radiance was integrated by means of spectral response function and
considering different atmospheric attenuation conditions. Results are shown in Figure 1
for a standard atmosphere of middle latitude summer and aerosol depth according to a
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visibility of 23 km. The abscissa axis shows the potential fire temperature and the
ordinate axis shows the minimum detectable area expressed in ha.
Different magnitudes of influence must be analysed separately in Figure 1, the most
important being the threshold of TTG considered, dT/dt, but geographic latitude of
observation, too. The figure contains the results for three different values of the gradient:
4, 6 and 2 K/15_minutes and for two enclave types at 208 and 508 latitude that define the
geographic limits of the occurrence of fire considered in this study. As regards latitude, it
must be taken into account that although the pixel area in the nadir point is 9 km2, at 208
latitude it is 10 km2 and at 508 it has increased to 18 km2. Thus, for a required gradient of
4 K/15_min. and a fire of 600 K, the detectable area at 208 latitude is 0.5 ha, whereas at
508 latitude it would be 1ha. The figure shows results for a value of 2 K/15_min that can
be applied in the descendant period of daily thermal evolution [14.00–20:00], since
during this period dT/dt < 0 is expected and the value 2 K/15_min might prove sufficient.
This means that during the evening, fires are more easily detected with this method and
fire outbreaks can be established at 600 K with 0.24 ha. at 208 latitude and 0.48 ha. at 508
latitude. As can be seen, the detectable sizes during the day at 208 latitude are similar to
those in the evening at 508 latitude. These results give a minimum detectable area
considerably smaller than presented by Prins & Schmetz, 1999, who did not include
atmospheric attenuation. Although comparable, these results are also slightly lower than
those presented by Prins et al., (2001), who establish 0.2 ha fire detection at 759 K in the
Equator and a 0.5 ha fire at 508 latitude. The methodology proposed to detect fire
outbreaks is no longer valid as the fire keeps developing since the temperature
differences between the different scenes undergo strong variations. Even the frequent
appearance of saturated pixels causes sharp changes that cannot be analysed. Further, for
the subsequent monitoring of the fire, as will be seen later, a methodology for detecting
hot spots is required. Contextual models have been operating on AVHRR and MODIS
(Lee and Tag, 199, Kaufman and Justice, 1998, Giglio et al., 2003). A contextual
analysis, through a spatial matrix of N� N pixels is carried out on detected fires to
verify permanency, establishing the required statistical parameters, averaged value and
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Figure 1. Minimum size of fire (in ha.) to be detected by SEVIRI, for different fire temperature

and latitude, taking into account atmospheric attenuation. Three different values of dT/dt are

considered: 2 K, 4 K and 6 K.



standard deviation. According to our results, obtained from the analysis of a data base of
fires validated by MODIS, the best window size is N ¼ 9. The detection test ultimately
consists of designating an affected pixel as one that fulfils the following:

T3:9 > m3:9 þ f � s3:9

T3:9 � T10:8 > mdif þ f � sdif

where m and s are the mean value and the standard deviation in each channel
respectively. Although the contextual algorithm has been widely used for other
sensors, values have not yet been established for the size of the matrix of analysis
applicable to SEVIRI and the statistical factor f. A large interval of values for different
sized fires was studied throughout the summer of 2004 and 2005 to obtain detection
without the inclusion of a large number of false alarms near the clouds. Finally, our
system works with three different values, in the interval f ¼ ½2:9; 3:0; 3:1� which show
three different levels of probability in the detected fire. Cloud filtering by means of
10.8 mm has been used in order to eliminate low temperature points. It must be said that
a contextual detection algorithm applied to MSG images, as applied to images from
other polar sensors, would be wholly inadequate to obtain satisfactory results due to
the appearance of false alarms. Our aim using contextual analysis was not to present an
effective detection algorithm, but rather to present a method to support the detection of
HTE once they have started. Our work has shown that this joint process yields good
results in the initial detection of HTE and drastically reduces the appearance of false
alarms since the contextual process is applied expressly on the points that are already
candidates.

Fire monitoring is carried out by means of fire parameterization, such as fire
temperature, flaming area and radiative intensity thus being obtained. In order to carry
out this analysis, we have applied a technique based on the Dozier methodology (Dozier,
1981; Matson & Dozier, 1981), based on the solving of the following system of
equations proposed for bands MIR and TIR. The main restriction when applying Dozier
equations is to know the appropriate surface temperature, as small errors imply strong
variations in the establishment of the temperature of the fire. We have thus applied the
methodology suggested by Giglio & Kendall, 2001, introducing the radiance of the
surrounding pixels so that the atmospheric effects and emissivity influence can be taken
into account as well as the solar reflective contribution of the small surface in daylight
images. In order to know the errors and sensitivity of this methodology, we have
simulated fires of different sizes and temperatures, reproducing SEVIRI radiances by
means of MODTRAN code through the spectral response functions. Bi-spectral
methodology has then been applied on those data in order to establish fire parameters,
that is, the reverse process to the previous one. Finally, the comparison between the data
calculated from the bi-spectral equations system and the hypothetical simulated fires
will give us the errors and sensitivity of this process and its performance in the case of
the SEVIRI sensor. Figure 2 shows the results corresponding to an active fire with a pixel
fraction of 1e-3 and fire temperature in the interval [450, 1000 K]. The fire-free surface
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temperature is 300 K. The figure shows the errors obtained when establishing the
parameters of the fire through the establishment of the fire temperature and the flaming
area. The first axis of the ordinate shows the difference between the fire temperature,
obtained in the reverse process applied to the bi-spectral equations system, and the
theoretical fire temperature used in the simulation of the radiance at the sensor’s level
through the MODTRAN code. As can be seen, the estimated temperature under-
estimates the real value. Fires with low temperature increase error, that is, whereas at a
temperature of 450 K the error is 25 K, at 600 K it is 15 K, and at 900 K there is an error
of 8 K. This is a satisfactory result considering this error is way below the one occurring
when the atmospheric conditions are unknown. Concerning estimated fire fraction, the
percentage error appears in the secondary ordinate axis. According to the results, the
pixel fraction affected by fire is the most sensitive magnitude. Hotter fires show smaller
errors, as is the case with temperature. We can see stabilization such that from 600 K the
error is always below 17%. The figure also shows the zone in which the saturation of the
3.9 mm band would occur, 930 K in the case of a fire with a fraction 1e-3 corresponding
to an average of 1.36 ha. at the latitude of the Iberian Peninsula.

3 RESULTS

The summers of 2003–2005 were especially critical in the Iberian Peninsula due to the
outbreak of large fires. In the two mid-summer months of 2003 almost 400,000 ha were
burned in Portugal. 2005 was catastrophic to the point where fires burned out of control
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virtually ‘‘besieging’’ major cities such as Coimbra (Portugal). In Spain, during 2005,
nearly 20 people were killed fighting forest fires. One fire alone in the province of
Guadalajara (Spain), the most serious of the summer which burned for five days, claimed
the lives of 11 people just hours after it started.

Establishing the outbreak of a fire as accurately as possible is crucial to alerting
fire-fighting teams as quickly as possible. If the detection process takes into account the
comparison with the previous image the delay can be up to 30 minutes in the worst cases.
To show some representative results we have analyzed the day on which Spain’s worst fire
in the previous decades in terms of human losses occurred. This fire, which started
between 12:30 and 12:45 on 16th July 2005, when it was detected by the LATUV, spread
for over five consecutive days and devastated around 13,000 ha. Figure 3 shows the image
of the 3.9 mm band corresponding to a few hours after the fire. The visual analysis of the
image shows the existence of many fires in Spain and Portugal. Given their importance,
two have been highlighted and shown. Number 1 is the fire in Guadalajara (Spain) that
claimed the lives of 11 people and number 2, one of the fires that affected the natural park
of Lago de Sanabria (Zamora, Spain) during the summer of 2005, whose initial
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Figure 3. This figure shows the methodology to detect the start of a fire. The upper part is the

3.9 mm band, highlighting several fires (validated by MODIS). The second part shows the

thermal evolution, in the left scale, and the time thermal gradient, in the right scale, in 8C/
15_minutes, for the two selected cases #1 and #2.



characteristics, as will be seen, differ from the first. In the figure, we have indicated the
wind direction in fire #1 from the smoke plume, which is perfectly visible and which will
be useful later to analyze the spread of the fire. Below in the same figure are the two
thermal evolution diagrams corresponding to these fires. The diagram shows the
temperature evolution of band 3.9 mm, in 8C, in the primary axis of the ordinate according
to the time of the day, between 06:00 and 16:00 GMT. The secondary axis of the ordinate
shows the evolution of the time thermal gradient of the same band, in 8C/15_minutes. If
we compare both temperature evolution curves, we can see that they are practically
identical on the primary axis up to the moment at which the fire starts, at 12:30 in #1 and at
13:45 in #2 despite being different vegetation covers with different fuel moisture content
since they occur in different climate zones. The analysis of the curve of the time thermal
gradient is much more conclusive. The change in the temperature value is 1.58C/
15_minutes in both curves prior to the outbreak of the fire reaching a maximum of 2.3 in
#1 and 1.8 in #2, which are exceptional considering the rest of the values. Standard
deviation was approximately 0.5 in both cases. These results are coherent with the
theoretical analysis in the previous paragraph. Case #2 was a fire that started with a time
thermal gradient of 4.28C/15_minutes in the first scene at 14:00 GMT, immediately
jumping to 158C/15_minutes in the following scene at 14:15 GMT. It is clear that it began
between 13:45 and 14:00 as the figure shows. The case of fire #1 presents a much more
abrupt beginning, with a time thermal gradient of 88C/15_minutes in the first scene at
12.45 GMT. In this case, the fire broke out between 12:30 and 12:45 GMT. These results
entirely agree with the comments in the methodology paragraph, where the value 48C/
15_minutes was presented as the initial detection threshold. Apart from its initial causes,
the characteristics of a fire at its onset depend on the combustible material and moisture. In
this comparison, it is not surprising that the outbreak was slower in case #2, whose
gradient was below #1, as this was a climate zone with higher moisture content. Other fires
have been analyzed and the same qualitative characteristics have been found.

Figure 4 shows the results corresponding to the operating capacity of real-time fire
detection, where we can see the most recent observations corresponding to the last
period, August-November 2005. Figure 4 shows the map of fires detected in the three
countries in the Mediterranean area analysed: Spain, Portugal and the South of France.
As can be seen, the most affected areas were located, very critically, in the northern half
of Portugal, a country where a total of 517 fires were detected during that period of time.
The Northwest of Spain was greatly affected by fires, with a total of 487 fires in this
region. The fires in France were concentrated around the Gulf of Leon area, although
with a much smaller occurrence of fires than in the previous cases, with a total of 24 fires.

4 RESTRICTIONS

As regards sensor restrictions, the most important problem is saturation. The operative
range of the SEVIRI sensor reaches up to 335 K. This value is similar to the AVHRR
(Robinson, 1991) and even higher than (A)ATSR with 312 K, which has also been used
for fire detection (Arino, 2000) although below MODIS (Kaufman & Justice, 1998) and
of course, less than other sensors with a higher spatial thermal resolution such as BIRD
(Lorentz & Skrbek, 2001). This might seem high enough to observe any type of fire and
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establish its parameters since the SEVIRI pixel area is an order of magnitude greater
than the ones mentioned. However, the 3.9 mm band [3.48–4.36 mm] appears saturated
relatively frequently in several types of fires observed. This situation has advantages
since saturation ensures detection without the possibility of false alarms. However, the
radiometric information and the possibility of obtaining fire parameters have been lost.

For a geostationary sensor, analysis of the factors that cause the sensor’s saturation
involves considering the latitude, given the variability of the area of each pixel. In order
to establish the saturation conditions, we simulated the radiance that the SEVIRI sensor
receives for different fire temperatures and different affected areas by limiting these
conditions for an apparent temperature value of 335 K. Figure 5 shows the fire area
expressed in ha that would cause the sensor’s saturation according to the fire
temperature. The figure shows different geographical locations at 208, 308, 408 and 508.
The atmospheric conditions correspond to a standard profile of the mid-summer
latitudes with 23 km visibility. Thus, a typical fire with a temperature of 600 K observed
at 508 latitude would lead to saturation with an active area close to 18.5 ha. If the
observation had been carried out at 208 latitude, half of that surface would have been
enough for saturation. The atmospheric conditions have a certain influence over these
results. Thus, considering a strong concentration of aerosols that reduce visibility at 5
km, the fire area that causes the saturation must be increased in a percentage whose
value is independent of its temperature. However, this percentage increases with the
latitude. Thus, the surfaces that cause saturation when going from 23 km to 5 km
visibility for the latitudes of 208, 308, 408 and 508 increase respectively by 10%, 12%,
14% and 18%.
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Other important restriction of the SEVIRI sensor is the sampling method. Spatial
resolution of SEVIRI is 4.8 km at nadir, with a oversampling of 1.6 km. Step of sampling
of pixels is 3 km; so radiance obtained in each pixel is coming from more than 3 km and
even, there is common radiance between neighbour pixels. The MSG observations of
active fires in the 3.9 mm channel exhibit and distinct star or ‘‘plus sign’’ pattern in the x,
y directions because of over-sampling. In estimating the subpixel characteristics we have
used the center pixel in their calculations. Figure 6 shows this restriction for different
patterns of fires detected.

5 CONCLUSION

In the light of the results, the SEVIRI geostationary sensor proves to be a highly efficient
tool in real-time forest fire management and monitoring. Despite not being originally
designed as an Earth observation tool, but as a meteorological satellite, its excellent time
resolution of 15 minutes has proved useful for the detection of events which vary due to
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radiometric rather than spatial characteristics, as is the case of forest fires. Detection
based on the 3.9 mm band is possible, although its spatial resolution does not make it
possible to locate the event accurately enough to provide early waning useful for fire
fighting tasks. Minimum size detected can be 0.7 ha in a fire of 600 K in the Iberian
Peninsula. With regard to the methodology for obtaining parameters, it can be
transferred from other sensors, such as MODIS, although fire sizes have to be taken into
account. The experimental methodology can be applied under very specific conditions.
It has been proved that a geostationary system with a very simple configuration and
observation geometry might be the long sought after real-time global fire control system.
For this purpose, further research into higher spatial resolution thermal sensors needs to
be performed.
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