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Motivation: early detection of active fires

Wildfires are becoming more severe, larger in scale, and start earlier than the typical
fire season. Early detection and continuous monitoring are more important than
ever. In this context, remote-sensing plays an essential role in providing large scale
data with low latency, allowing for the fast detection and monitoring of wildfires. To
complement existing solutions using low-Earth orbit satellites, we propose a method
using the latest European geostationary satellite, Meteosat Third Generation.

Meteosat Third Generation (MTG) FCI data

e MTG-I1, or Meteosat-12, operational since December 2024

e (eostationary orbit at 35 786 km, e

0° longitude, 0° latitude.
o Flexible Combined Imager (FCl)

e full disc scanning service (FDSS): 10 minutes
repeat cycle

® 16 normal resolution channels (1-2 km/px ssp)

® 4 high-resolution channels (0.5-1 km/px ssp)

Algorithm

"hree channels are used:

e medium-wave infrared channel at 3.8 um: main band for the detection, as
emission from fires is maximal in this specral region.

e thermal infrared channel at 10.5 um: background temperature estimation.
e visible channel at 0.6 um: discriminate solar reflections from active fires.

The detection process is divided into 3
MTG FCI 1 km/px (every 10min)

main steps:
1. Preprocessing Preprocessi
Excludes pixels from the analysis.
sun cloud water
e Sunglint: induces bright pixels. glint mask mask
Occurs when sunlight reflects off
the surface at the same angle
that a satellite is viewing it. Potential fire pixel
e Cloud mask: Computed based
on band 10.5 micrometers. Spatial -
Clouds have a low brightness test test
temperature and are extracted T

. . Sunglint
using an adaptive threshold. The tost

threshold depends on the viewing
angle and world region.

e \Water mask: exclude water
form the analysis.

Set of potential fire pixel

Background

analysis

2. Potential Fire Pixel test

A pixel will be considered as a potential
fire pixel and will be further processed
if it passes the three following tests:

Final fire pixel

e Spectral test: Extract pixels with B3g > 138 and BITD > 1, where

BTD is the brightness temperature difference between channels 3.8 and 10.5 um.

e Spatial test: select pixel which are brighter than their surrounding.
Implemented as an high-pass filter on BTD with an adaptive threshold.

e Sunglint test: the ratio of channels 3.8 and 0.6 um allows the identify pixels
affected by strong sun reflection, and likely not fire events.

3. Background Test

Compare potential fire pixels to neighborhood background using an expanding window.

The initial window has size 7x7, and exclude immediate 5x5 neighborhood

as it can be affected by fire. A pixel is considered background if:

4 Lower BTD and B3 g than

central pixel x

1 Cloud-free land pixel
2 Not affected by sunglint
3 Low BTD and B3 g values

5 Not a potential fire pixel

If too few pixels remain, expand background window.

The central value is then compared to the background statistics: mean brightness
temperature and mean absolute deviation to identify final fire pixels.
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"he algorithm is based on MSG FRP-pixel algorithm [1, 2| and was adapted to MTG.
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Flgu e ].: MTG FCI fulldisk channels EUMETSAT Meteosat data 2025.

Results

Ground truth data

We used as ground truth the VIIRS active fire detections, obtained from FIIRMS.
e sun-synchronous low-earth orbit, three platforms: S-NPP, NOAA-20, NOAA-21

e 1-day revisit time, at around 1:30 AM and 1:30 PM
e detections use IMG channels at 375 m/px at nadir

Validation methodology

We reproject the VIIRS detections onto the MTG 1lkm-grid, and classify MTG
detections as

e True positive if there is a corresponding VIIRS fire event in a 3x3 window
e False negative is there are no VIIRS fire events within the 3x3 window

he analysis was conducted across Europe and parts of Africa during March and April
2024, both daytime and nighttime VIIRS observations. In these regions, the MTG
spatial resolution ranges from 1.5 to 3 km.

Africa, 55 timestamps processed, and a
total of 84150 VIIRS fire events

Europe, 80 timestamps processed and a
total of 13974 VIIRS fire events

Algorithm performance
High Precision v

Precision Recall
o Few false alarms Q25 Median Q75 Q25 Median Q75
Low Recall Africa 10.84| 0.91 10.94/0.06/ 0.11 | 0.2
Europe 0.86| 0.93 1 0.04 0.1 0.14

e 3/5m — 2km resolution gap

We analyzed the MTG detections as a function of the Fire Radiative Power (FRP) of
the VIIRS active fire dataset, in Europe, to determine our detection threshold.

Undetected fires
I Detected fires

Fire Radiative Power measures the rate of ra- -
diant heat energy released by fires (in MW)
and is indicative of fire intensity. )
Key Finding: (western Europe region)
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e MTG algorithm detects some fire at .. th..
ow FRP of 5 MW 2 | Iiﬂ kil ]
e MTG detects at least 50% of VIIRS 1 I | 'I T

fires for events with FRP > 20 MW = = oo o e ke

In brief

e \We propose a method for active fire detection for the European geostationary
satellite M TG, operational since December 2024.

e This method allows the monitoring of active fires at 1 km/px ssp resolution with
a high frequency: one image every 10 minutes, and low latency: images are
available within a few minutes from capture. The full disc is covered.

e Very few false alarms with respect to VIIRS active fire detections.

o In Europe, the detection threhold (at least 50% of VIIRS active fires detected) is
at FRP > 20 MW, corresponding to approx 1000 m? for a fire at 770 K.
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