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SUMMARY -1

»Forest fires represent the main cause of forest degradation in Italy and in
the Mediterranean area countries (Spain, Portugal, Greece, France).

» Forest fires have a direct economic impact related to the burned wood, the
activities of prevention, fire-fighting and recover of burned areas. An
economic impact of forest loss as part of the eco-system (reduction of the
hydro-geological defenses, spoiling of tourist and landscape attractions,
etc.).

»>To manage this problem an observation system able to provide a prompt
detection and monitoring of fires and a synoptic view of the area of interest
is required.

> Satellites seem to be the ideal instrument for this purpose, but the
temporal frequency of the LEO instruments is generally a problem. The
possibility of setting up an early fire detection system using the sensor
SEVIRI on board of the geostationary satellite MSG has been demonstrated.

2°d GOFC/GOLD Workshop on GEO Fire Monitoring, Darmstadt, 4-6 December 2006~ 2/26



itori ‘_w" 4-6 December 200

Ll







INTRODUCTION -2

the attempt to exploit the quasi-continuous Earth observation that SEVIRI

provides to set up an automatic wildfire early detection system. The
motivations of such a system are:

—> a prompt detection can help in reducing the response time to the event;
= in presence of several simultaneous fires, a prompt detection can provide,
the decision makers with an objective element useful to optimise limited
resources. This will help to set the interventions priorities, on the base of the
dynamics and size of each detected fire.

The detection algorithm, applied to SEVIRI images, able to reveal, at
Italian latitudes, fires covering an area of the order of 0.1 ha, is specially
designed to exploit the high temporal frequency of the images acquisition.
Thus, such an algorithm, even if based on MIR and TIR bands, as for low
earth orbit sensors, results substantially different from the algorithms
usually applied to these.

Naturally the minimum detectable size depends mostly on the burning temperature of the fire.
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Response time for the spurious constellation composed by 21 orbiting
satellites. Response time is defined as the time needed by the constellation to
observe a considered location startmg from a given instant of time.




INTRODUCTION -5

Present status of satellite based fire detection systems:

Southern Europe is monitored (SAI/JRC World Fire Web Initiative) using daily data from
NOAA/AVHRR and an algorithm proposed by Flasse and Ceccato. The European Space
Agency (ESA) uses the night-time images of the sensor ATSR-2 (Along Track Scanning
Radiometer) on board of ERS satellite.

On the American continent, GOES has demonstrated the utility of meteorological geostationary
satellite in monitoring forest fires. The ABBA (Automated Biomass Burning Algorithm) algorithm, is
based essentially on the estimate of the brightness temperature in the usual two channels at 4
Hm and 11 pm. The minimum size of a fire detectable by this algorithm, if its burning
temperature is around 880 K, goes from 0.5 ha at equator to about 2 ha at 50° of latitude.

Based on the images of the sensor MODIS on board of TERRA and AQUA satellites a Rapid
Response System has been developed by NASA to provide rapid access to MODIS data globally,
with emphasis on active fire data.

AFIS (Advanced Fire Information Service) is a near real time operational satellite fire
monitoring system. It aims to provide information regarding the prediction, detection and
assessment of fires, using Remote Sensing and GIS technology, could cause flashovers on the
power transmission lines of South Africa.
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DATA and METHOD- 1

The SEVIRI 15 min. temporal resolution data used in the analysis have
been directly acquired at CRPSM in Rome.

MODIS and ASTER images have been downloaded by NASA website.

In order to counteract the reduced spatial resolution (4.5 km at Italian
latitude) of SEVIRI images, maintaining accurate fire detection
capabilities, in terms of fire size and reduced false alarm, a new algorithms,

has been applied. This algorithm (called SFIDE, System for Fire Detection)
uses a comparison between the simulated 15 min pixel surface temperature
variation, and the actual variation measured using SEVIRI data in the
channel 4 (around 4 pm). In this way, if all the terms causing a sutface
brightness temperature variation are correctly simulated the only limitation
in the minimum size of the detectable fire is related to the NEAT
associated with the detector measurement (lower than 0.2 K) in the channel

4,
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DATA and METHOD - 2

Fig. 1, as function of the average temperature of the fired pixel, for different
background conditions, shows the minimum sizes of the fire theoretically
detectable, using the SFIDE (System for Fire Detection) algorithm.
Theoretically means that these minima sizes are obtainable when the
temporal variation of the surface temperature is perfectly simulated. To
approximate this detection limit the surface emissivity, atmospheric
conditions, solar illumination condition variation, etc. must be taken into
account and correctly simulated.

In the following the results obtained by
comparing SEVIRI based fires
detection techniques with MODIS and
ASTER based are reported.

The comparison covers a period of a
month, corresponding to August 2006.
It allows to evaluate the performances R s S
by the SEVIRI system, when a fire Yoo 500 60 AT 22 owit
deteCtion algorithm’ based on a Change Figure 1. Minimum size of a fire theoretically detectable by applying the
detection method, 1S adopted. SFIDE algorithm to SEVIRI images. A NEAT = 0.2 K has been assumed for

the channel 4.
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=R expected, due to the high temporal
frequency of the SEVIRI images, the number
of fires detected by the SFIDE algorithm is
much larger than those provided by RRS.
Anyway, this result is not obvious since the
scarce spatial resolution of geostationary
sensor poses, in principle, some concerns on

the minimum size of the detectable fires.
In fact, the reported number represents hot

spots involving different pixels. In other
words each fire has been counted only once,
when it appears for the first time on the
image. All the fires detected by MODIS
have been detected also by the MSG-SFIDE
algorithm, this performance requires the
introduction of limited uncertainty values
(thresholds) since one of these fires,
detected on the 22nd of August at 12:05 UT,
results smaller than 0.05 ha in size.

RESULTS -2

B MODIS
B MSG-SFIDE

Figure 3. Distribution, day by day, of the fires, as detected by RRS
using MODIS and SFIDE using MSG for the month of August 2005
on the Sardinia region.
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RESULTS -6

provided as product by the RRS system.

MSG Pixel 1 Pixel 2
R T R T Time
1.28 306.7 1.28 306.7 9:00
*Ch4 1.37 308.4 1.42 309.2 9:15
1.54 3114 1.66 313.5 9:30
125.1 307.5 125.1 307.5 9:00
Ch9 125.9 307.9 125.5 307.7 9:15
125.5 307.7 125.1 307.5 9:30
*Size 0.3 ha 0.3 ha 9:30
eTemp 640 K 670 K
*MODIS Pixel 1 Pixel 2 Time
*AT [K] 6.25 6.67
T"z,1 [K] 308.86 308.93
TbZI[K] 315.10 315.60
Tfsl[K] 309 310.17
TfZI[K] 332.70 331.60
*TRP [MW] 23.02 20.79
Estimate size 0.21 ha 0.18 ha 9:45
Temp. 665 [K] 665 [K]

Tab. 1 provides the characteristics of one of these
fires, the one highlighted with the red square, as
computed by using MODIS and SEVIRI images.
The good agreement of the results can be
appreciate (size about 0.5 ha, T, near 650 K).
Now let as estimate these quantities using the
ASTER image. The channels 9 (2.39 um), 10
(8.29 um), 13 (10.66 um) and 14 (11.32 m) are
considered, since they are the more suitable to
analyze thermal anomalies.

TAB. 1 Estimate
characteristics of
one of fire detected

simultaneously on
the SEVIRI and
MODIS images.

Fig. 6 Fires detected on the 12:05 UTC MODIS image of the 21°" of
August 2006. The figure on the left shows the RRS product. On the
right is a SEVIRI false colour image (R=4, G=2, B=1).
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RESULTS -7

Fig. 7 shows a RGB combination (Fig. 7, left) of the channels 5 (2.17 pm), 4 (1.66
um) and 1 (0.56 pm), respectively. In the same figure, a grey scale image of the
channel 9, where mostly of the fired pixels result saturated, is reported together with
a TIR (channel 13) image of the same fire. In particular, according to Fig. 8, the
ASTER channel 9 can be saturated by a fire, due to the small pixel size and the
spectral position of the band, lower than 100 m?, even if its burning temperature is
lower than 600 K (smoldering phase). In channel 10 the saturation is reached, at the
same temperature for a fire size larger than 1000 m?

Fire front Smoke Saturated Pixels

Figure 7. ASTER image of one of the fires detected the 21*' of
August 2006. RGB image of the channels 5, 4, 1 (left), MIR
image (middle), TIR image of the fire (right).
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Figure 8. Saturation condition of the ASTER sensor channel 9 and
10. The minimum fire size capable to saturate the channel is given

as function of the burning temperature.
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RESULTS -8

When the radiance from the fired pixel reaches the saturation level of the channel
the Dozier relationship cannot be applied. Of course, the number of saturated
pixel, depends both from the spatial resolution and the particular spectral channel
considered. In fact, as Tab. 2 shows the extension of the fire under consideration is
able to saturated 14 pixel (of channel 9) while 1 pixel results saturated at channel
10, and 2 (at channel 13). The saturation condition is never reached in the channel
14. Then, we cannot use the band 9 to estimate the fire size. In fact, we use the
channel 10 and 14 to evaluate the fire temperature and size in one of the pixel that
results not saturated in these two channels.

Further we can deduce the size and TAB. 2 Number of saturated pixels, at the different
. . spectral channel of ASTER, for the fire under study.
temperature of the fire interesting the

other pixel, where only the channel 14 : : : W/(m?sr
/ ASTER Pixel | Resolutio | Size m)
results not saturated, observing that in Sat. | n [m] [m?] ~

: Il Max. rad
that pixel no flames are visible by the

Band 09 | 14 30 12600 8.08
VNIR channels then its temperature can Band1o M1 b0 0 —
be considered to be around 600 K or lower. a1 | W8 bo 50 pos
Furthermore the extension cannot be = T 00 A 5133

higher than 2000 m? otherwise also the
channel 14 becomes saturated.
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RESULTS -9

Following this argument we find:

1. a size of 3100 m? at a temperature of 510 K applying Dozier at
channels 10 and 14 on the not saturated pixel;

2 a size of about 2000 m? with a temperature of the order of 600 K
on the other one, where only the channel 14 results not saturated.

In conclusion, we have a total dimension of the fire of 0.5 ha with an
averaged temperature comprised between 500 to 600 K.

Even if this kind of analysis must be extended to other cases for being
considered exhaustive it is sufficient to give an idea of the potentiality of
the SEVIRI images for hot spots detection.

The channel 9 image having 30 m spatial resolution confirms this result.
In fact, considering the number of saturated pixels (T'ab. 2), the fire

temperature estimated above and the plots in Fig. 8 we can estimate a fire
size of the order of 5000 m?.
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RESULTS -10

Since the VNIR spectral channel of ASTER, can be
considered enough small (tes. 15 m) to be fully covered
by the flaming part of a fire we can exploit it to
estimate the flame temperature of one of the fire
present on the scene of 21st of August. Let us consider
the radiances measured by the ch. 3 (0.807 wm). The
contribution due to the sun, Lb, can be approximately
estimate comparing the signal from two almost
adjacent pixels: one interested by flames and the other
fire free. We assume that they have the same
reflectance, an hypothesis acceptable given the size of
the pixels. The difference between radiances: L, =
Ltot - Lb provides an approximate estimate of the
radiance due to the fire, L, of the order of 50 W/m?st
luml. By inverting the Planck equation a temp. higher
than 1000 K can be found. This value is compatible
with the typical temperature of a fire in flaming phase.
A similar temp. can be computed by considering the g
ASTER ch. 2 (O.661l.tm). Fig. 9. RGB combination of channels 5, 4 and 1 of the

ASTER image.
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