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Highlights 

What are the main findings? 

• Porting the RST-FIRES algorithm to MSG-RSS data (5-min resolution) increases fire 

detection sensitivity by 145% compared to the standard 15-min mode. 

• The high-frequency observations significantly improve detection timeliness, provid-

ing an average lead time of 65 min before official fire reports, nearly doubling the 

performance of the standard configuration. 

What are the implications of the main findings? 

• The proposed methodology enables the immediate operational use of RST algorithm 

on new satellite sensors without waiting for years of historical archives. 

• These results ensure methodological continuity for the Meteosat Third Generation 

(MTG) mission, allowing for enhanced near-real-time monitoring and early warning 

systems for wildfires. 

Abstract 

In this work, the portability of the Robust Satellite Techniques for FIRES detection and 

monitoring (RST-FIRES) has been preliminary experimented on the Spinning Enhanced 

Visible and InfraRed Imager (SEVIRI) aboard the Meteosat Second Generation (MSG) sat-

ellite in Rapid Scan Service (RSS) mode. Such a configuration offers 5 min of revisit time 

as compared with 15 min in the standard mode (0-degree). The impact in early fire detec-

tion has been assessed and quantified, also in comparison with the results of the RST-

FIRES implemented on MSG/SEVIRI 0-degree data, using the official fire bulletins of the 

Calabria Region (Southern Italy) for the events occurred during July 2022, for which the 

official regional fire catalogue was available. The results obtained suggest that SEVIRI-

RSS data could allow for a rather systematic earlier detection and a better sensitivity than 

SEVIRI 0-degree because of the improved temporal (and spatial) resolutions. These find-

ings are remarkable in view of the next implementation of RST-FIRES on Meteosat Third 

Generation/Flexible Combined Imager (MTG/FCI) data, to exploit the improved spatial 

(2–1 km) and temporal (10–2.5 min) resolutions offered by such a new-generation 
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geostationary mission, together with a more suitable dynamic range in the MIR spectral 

region (saturation at ~500 K @3.8 micron). The use of synthetic background reference fields 

would allow, in fact, for a straightforward RST-FIRES application to MTGI/FCI data al-

lowing for a more effective fire early warning system. 

Keywords: wildfires; early fire detection; RST-FIRES; MSG-SEVIRI; rapid scan service 

(RSS); MTG-FCI; change detection; thermal anomalies 

 

1. Introduction 

Wildfires are a worldwide phenomenon with environmental and socioeconomic im-

pacts at global scale [1,2]. Each year, fires destroy millions of hectares of forests around 

the world, representing one of the major environmental emergencies, which are signifi-

cantly increasing, both in number and intensity, because of climate change [3–7]. They 

may pose a risk for life and infrastructures, degrading air quality and perturbing large 

areas over a wide variety of biomes [8–11]. 

Many satellite-based methods for fire detection and monitoring have been developed 

to provide systematic and accurate information about fire locations and space-time evo-

lutions [12]. Most of the proposed satellite methods are based on data provided by polar-

orbiting platforms, like NOAA-AVHRR, EOS-MODIS and NASA-VIIRS, e.g., [13–18]. 

However, often the temporal frequency of these satellite products, even when merged as 

provided by a spurious constellation, is not adequate for an early detection and for a con-

tinuous monitoring of fire events [19]. 

Early detection of fires, in fact, is of paramount importance to promptly activate the 

countermeasures required to extinguish them before they become so intense and exten-

sive to get out of control, increasing damages and risks to persons and properties. More-

over, fighting against smaller fires requires minor human and instrumental resources, that 

can be more easily and quickly activated even in remote areas. In addition, short-living 

events or fires characterized by very rapid evolution times requires very high observation 

frequency information, like the ones offered by the geostationary satellites, presently 

providing a quasi-continuous data flow, with refreshing times ranging from 30 min to 5 

min [20–22]. 

Several methods have been proposed and implemented for active fire detection and 

monitoring by using geostationary observations [23–32]. Among those products, RST-

FIRES, a multi-temporal change detection approach, has already demonstrated a signifi-

cant improvement in terms of small/early-stage fire detection using EUMETSAT Meteosat 

Second Generation (MSG) SEVIRI (Spinning Enhanced Visible Infra-red Imager) data 

with temporal resolution of 15 min, despite the coarse spatial detail (i.e., ~3 km pixel size 

at nadir) [33]. More recently, a few studies preliminarily addressed the improved perfor-

mances that new generation of geostationary systems, like the Meteosat Third Generation 

(MTG), are offering for detecting and characterizing active fires [34,35]. 

In this work, the porting of the RST-FIRES technique to the data acquired by 

MSG/SEVIRI in Rapid Scan Service (RSS) mode (i.e., 5-min temporal resolution) is prelim-

inary tested and discussed, together with its implications in terms of fire detection timeli-

ness and sensitivity, also in view of its possible application to the Meteosat Third Gener-

ation (MTG) data, offering even improved spatial detail, sampling frequency and radio-

metric performances [36,37]. In Section 2, the used satellite and validation datasets are 

described; Section 3 briefly describes the RST-FIRES technique rationale and require-

ments, whereas in Section 4 the issue of its porting to different sensors is discussed. Sec-

tion 5 presents the methodological approach proposed for the porting procedure; achieved 
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results, over the selected study case are reported in Section 6. Finally, Section 7 briefly dis-

cusses the outcomes of this work whereas Section 8 outlines the future perspectives. 

2. Data Used 

2.1. The Meteosat Second Generation (MSG) Data Services 

The Meteosat Second Generation (MSG) program started in 2002 to improve the im-

age quality and quantity of the First Generation (MFG) of European Geostationary satel-

lites, allowing meteorologists to provide more accurate medium and short-term weather 

forecasts, and scientists to develop value-added climate- and weather-related products at 

improved spatial/spectral/temporal resolutions. 

The MSG program is currently made up of three operational satellites, Meteosat-9, -

10 and -11 in geostationary orbit (36,000 km), all of them operated by EUMETSAT (the 

European Organisation for the Exploitation of Meteorological Satellites). The previous 

platform, Meteosat-8, was retired in 2022 after nearly twenty years of service. 

The 0-degree (“0deg” from now on) data service is the main mission of MSG, provid-

ing high rate SEVIRI image data over an “Earth disc” (or “full disc”) including the whole 

Europe and Africa continents, the Atlantic Ocean, and part of the middle east geographic 

area (Figure 1). 

 

Figure 1. Image of the MSG 0deg full disc. 

The SEVIRI instruments offer continuous observations in 12 spectral bands, scanning 

the full disc every 15 min. The 0deg service is presently provided by the primary Meteosat 

satellite (i.e., Meteosat-10), whose sub-satellite point is located at 0° Longitude [38]. Be-

sides the latter, MSG is actually offering other services: (i) the Indian Ocean Data Coverage 

(IODC), delivered by Meteosat-9 satellite, positioned at 45.5°E longitude, imaging Eastern 

Africa and Indian ocean region every 15 min; and (ii) the Rapid Scan Service (RSS), pro-

vided by Meteosat-11 platform, which scans the northern third of the Earth disc every five 

minutes from a position at 9.5°E longitude, thus covering the whole European continent 

and north Africa (Figure 2). Both Meteosat-9 and Meteosat-11 platforms embark the same 

SEVIRI sensor, thus offering the same multi-spectral dataset as 0deg service. 

In this work, channel 1 (centred at 0.6 μm) in the visible (VIS) range of the electro-

magnetic spectrum, channel 4 (centred at 3.9 μm) in the Medium InfraRed (MIR) and 

channel 9 (centred at 10.8 μm) in the Thermal InfraRed (TIR) have been used. All such 

bands have a spatial resolution of 3 × 3 km2 at the sub-satellite point (nadir view). 
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Figure 2. MSG RSS area coverage. 

2.2. The Regione Calabria’s Fire Catalogue 

The wildfire database used in this study, provided by the Calabria Region and ob-

tained from the regional open data portal [39], refers to the dataset “Aree percorse da 

fuoco–anno 2022”, which includes a census of burned areas identified through field sur-

veys carried out by the Italian Carabinieri Forestali. The dataset belongs to the thematic 

area of Agriculture, is released under the Agriculture category, and is published and 

maintained by the Calabria Region. It was created and last updated on 2 January 2024 and 

is characterized by an annual updating frequency. The database includes a census of fire 

events that occurred within the study area during the selected period and provides, for 

each event, geographic coordinates, date and start time, and the burned area expressed in 

hectares, along with additional descriptive information such as locality, municipality, and 

province. The dataset also includes the classification of the event and the type of vegeta-

tion involved, allowing for a more detailed characterization of the fires. Since the event 

times are reported in local time, a conversion to UTC was performed to ensure temporal 

consistency with the satellite data used in the subsequent analyses. This conversion re-

sulted, in some cases, in a shift of the event date to the previous day. After time normali-

zation and quality checks, the database was considered the reference source for the local-

ization and characterization of the wildfires occurred within the study area (i.e., Calabria 

Region, Southern Italy) in the considered period (i.e., July 2022) and used for validating 

the satellite detections. In Table 1, an extract of the fire catalogue, showing the fires offi-

cially registered in between 1–3 July, is reported. 

Table 1. Extract from the official fire catalogue for the Calabria Region, listing fires registered be-

tween 1 and 3 July 2022. The table shows the geographic coordinates, administrative information, 

the date and local time registered for each fire. 

Latitude 

(WGS84) 

Longitude 

(WGS84) 
Municipality Locality Date  

Time 

(LT) 

39.13996 16.827276 Petilia Policastro Cerasara 1 July 2022 15:45 

38.818592 16.29159 Filadelfia Montesoro 1 July 2022 00:00 

38.81798 16.289033 Filadelfia 
Molinello-Mon-

tesoro 
1 July 2022 00:00 

38.644435 16.399462 Cardinale T. Usito 2 July 2022 14:30 

38.85877 16.635314 Catanzaro Emilia 2 July 2022 10:30 

39.035551 16.529518 Sorbo San Basile Capicotto 2 July 2022 11:53 

39.541595 16.188093 Cerzeto Serafinelli 2 July 2022 14:30 

39.464188 16.358584 Luzzi Fosso D’olmo 2 July 2022 01:01 

39.604012 16.052901 Malvito V.Ne Ritorto 2 July 2022 11:43 

39.565313 16.719308 Paludi Valle Del Pozzo 2 July 2022 20:33 

39.838754 15.812965 
San Nicola Ar-

cella 
Bocca Della Giarla 2 July 2022 11:38 
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39.108728 16.117229 
San Pietro in 

Amantea 

Conocchia-C. 

Pinto 
2 July 2022 12:00 

39.020208 16.997243 Cutro Rosito 2 July 2022 16:30 

39.278316 17.014108 Melissa Cozzo Granatello 2 July 2022 15:10 

37.976457 16.002554 Palizzi Mara Giulia 2 July 2022 09:53 

38.453974 16.527843 Stilo Pruppa 2 July 2022 14:18 

38.594517 16.235217 Sorianello 
Collina Degli An-

geli 
2 July 2022 07:27 

39.509466 16.406003 Acri Pietremarine 3 July 2022 13:40 

39.506757 16.830413 Mandatoriccio 
Valle Napa Cipo-

dero 
3 July 2022 00:00 

39.258976 16.62818 
San Giovanni in 

Fiore 
Ceraso 3 July 2022 10:39 

39.169446 16.913563 Santa Severina Valle Noce 3 July 2022 12:00 

39.147204 17.021439 Scandale Timpe Rosse 3 July 2022 17:00 

39.155336 17.030266 Scandale Corazzo 3 July 2022 11:45 

37.922662 15.956598 Bova Marina San Pasquale 3 July 2022 13:48 

38.660976 16.226559 Filogaso Torrete Brizzi 3 July 2022 12:17 

3. RST-FIRES: An Original Satellite-Based Technique for Early  

Fire Detection 

The RST-FIRES algorithm is an original satellite technique, based on the more general 

Robust Satellite Techniques (RST) approach [40,41] and specifically designed for early fire 

detection. RST-FIRES identifies active fires as statistically significant thermal anomalies 

with respect to site-specific and time-dependent background conditions [33,42]. To this aim, 

specific ALICE (Absolutely Local Index of Change of the Environment) indices like [40]: 

⨂V(x,y,t T) =
V(x,y,t)-μ

V
(x,y,T)

σV(x,y,T)
 (1) 

are computed with reference to different variables V(x,y,t) each of them corresponding to 

cloud-free measurements made at the time t∈ T with reference to a ground resolution cell 

centred at the coordinates (x,y). The time domain T identifies, in our case, the collection 

of satellite images collected in the previous years, in the same month of the year, at the 

same time of the day (same time-slot); μV(x,y,T) and σV(x,y,T) are the temporal average 

and the standard deviation of V(x,y,t) computed, for each position (x,y), on the collection 

of images identified by the time domain T. 

Basically, the Brightness Temperatures (BTs) measured in the MIR and TIR bands are 

employed as variables V(x,y,t). For screening clouds, radiances recorded in VIS channel 

are also used, together with TIR signals. 

Besides the standard signals usually employed in fire detection schemes (i.e., BTMIR, 

BTTIR, ΔBT = BTMIR − BTTIR), short-term time-dependent variables (i.e., delta-slot = BTMIR (t1) 

− BTMIR (t0), where t1 and t0 are two consecutive time slots, 15 min apart) are also used in 

Equation (1) to improve sensitivity [33,43]. In Equation (1) all these variables are compared 

to their expected signals in unperturbed conditions (obtained by analysing long-term, 

multi-annual homogeneous satellite imagery identified by T) and active fires are then 

identified, at pixel level, as statistically significant thermal anomalies [41] depending on 

ALICE values. RST-FIRES, assessed and validated by means of a Total Validation Ap-

proach, carried out in collaboration with local and regional civil protection offices in three 

different Italian regions, has demonstrated a significant small/early-stage fire detection 

capability [33,43,44]. 

The implementation of RST-FIRES requires the availability of long-term, multi-an-

nual and homogeneous satellite time series (at least 80 images per month in usually three–
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five years, according to Koeppen et al., 2011 [45]) to construct reliable and representative 

background reference fields (i.e., temporal mean μV and standard deviation σV at pixel 

level, respectively representing expected signal and natural variation in unperturbed con-

ditions). This prescription may represent a critical issue when porting the algorithm to 

new-generation satellite sensors, such as MTG-FCI, or to different observation modes, 

such as the MSG-RSS, for which long-term historical datasets are still non-existent (due to 

the short life of the mission) or only available with a limited access (due to the huge 

amount of data to be downloaded and handled). In the case of MSG-RSS, the high tem-

poral resolution (5-min repeat cycle) further amplifies this limitation, making the direct 

construction of background fields from RSS data highly time-consuming. 

4. The Proposed Solution: Synthetic Background Reference Fields 

To address this issue, an alternative approach was proposed and developed, consist-

ing in the generation of synthetic RSS background reference fields derived from the al-

ready available MSG-SEVIRI 0deg reference fields, characterized by a 15-min temporal 

resolution. These reference datasets, built by processing about 15 years of MSG-SEVIRI 

0deg time series, from 2004 to 2019, are presently available for all months, for all the spec-

tral channels relevant to fire detection (i.e., VIS, MIR, TIR) and for all time slots (96 for a 

full day cycle of 24 h), ensuring consistency and completeness. This work proposes a first 

experimental application of this approach to RSS data, to assess its suitability for an accu-

rate and effective porting of the RST-FIRES algorithm to higher temporal resolution ob-

servations for which there is not yet a sufficiently long history. The overall methodology 

was designed and implemented through a dedicated three-step processing scheme. To 

check the accuracy and consistency of the procedure, an actual RSS dataset (covering the 

region of interest, i.e., Italy area, and a specific period, i.e., June–September 2022 and 2024) 

has been downloaded from the EUMETSAT archive by using the EUMETSAT Data Access 

Client (EUMDAC, [46]) and used for comparison between synthetic and real data. Sep-

tember/October 2024 were used to compare synthetic and actual data from single and 

multiple SEVIRI RSS and MTG-FCI acquisitions (the latter of which has only been availa-

ble since 24 September 2024) whereas July 2022 data were used because of the availability 

of the official fire bulletin. 

5. Porting of RST-FIRES to MSG-RSS: The Methodological Approach 

Before simulating the MSG-RSS background reference fields, a preliminary analysis 

has been carried out over single and multiple images to assess the methodological ap-

proach. The latter, was based on a three-step procedure: 

Step 1: spatial resampling 

Step 2: time shifting 

Step 3: temporal interpolation 

5.1. Spatial Resampling 

The same sensor (SEVIRI) is carried on board the two different Meteosat missions, 

i.e., Met-10 (0deg Service) and Met-11 (RSS Service). However, the platforms are located 

at different satellite sub-points: 0° Long for Met-10 and 9.5° Long E for Met-11. This leads 

to a slightly different view geometry that must be considered for a proper co-location of 

the two image datasets. For this purpose, an ad hoc procedure has been developed and 

implemented for the automatic application of a spatial resampling procedure based on 

the nearest neighbour (NN) approach (Figure 3) to preserve the original SEVIRI radio-

metric values. More in detail, our Area of Interest (Italian peninsula) is fully accommo-

dated in a 367 × 270 pixels/lines matrix for the 0deg imagery, whereas the same area 
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requires a 329 × 264 matrix as far as the RSS view geometry is considered. Therefore, the 

NN resampling procedure was applied to the original 0deg imagery to build a resampled 

dataset which mimics the actual RSS data (i.e., the synthetic RSS data). One example, re-

ferring to SEVIRI MIR images of 26 September 2024 at 12:00 UTC is reported in Figure 4. 

The resampling procedure has been applied over Italy for the MSG-SEVIRI 0deg July ref-

erence fields, for a total of 960 spatially resampled images. 

 

Figure 3. Nearest neighbour resampling scheme of 0deg to RSS grid. Red asterisks are the MSG 0deg 

original pixel centres coordinates, and grey dots represent the RSS pixel centre locations. 

 

Figure 4. Examples of resampled versus actual images. (a) Original and (b) spatially resampled MSG 

0deg images of MIR channel at 12:00 UTC on 26 September 2024; (c) actual MSG RSS data  

(acquired for the same channel, date, and time). 

5.2. Time Shifting 

After the computation of the synthetic RSS reference fields, an analysis was performed 

to identify the optimal temporal correspondence between resampled MSG-SEVIRI 0deg and 

actual RSS observations, due to the different temporal resolutions and scanning times of the 

two datasets. Resampled MSG 0deg Channel 1 (Visible, VIS, centred at 0.6 μm), Channel 4 

(Medium Infrared, MIR, centred at 3.9 μm), and Channel 9 (Thermal Infrared, TIR, centred at 

10.8 μm) images were generated for one specific time slot and then compared with the actual 

RSS observations, acquired at closest times and downloaded from the EUMETSAT archive. 
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As an example, the synthetic RSS image of 12:00 UTC was compared to the actual RSS data 

acquired at 12:00, 12:05 and 12:10 UTC to assess their correlation. 

As shown in Figure 5, all the analysed image pairs exhibited very high correlation 

values (R2 > 0.81, Mean Absolute Error (MAE) < 1.45, Root Mean Square Error (RMSE) < 

3.48). However, for the area of interest (Italy) and consistently across all three spectral 

channels, the highest correlation was found for the following temporal relationship:  

MSG-SEVIRI 0deg_resampled [@HH:mm] versus MSG-RSS_actual [@HH:mm + 10]. 

Therefore, a 10-min shifting is systematically offering the best correlation. For exam-

ple, the MSG-SEVIRI 0deg acquisition at 12:00 UTC, resampled to the RSS geometry, 

shows the strongest correlation (with R2 > 0.94, MAE < 0.87, RMSE < 1.6) with the RSS actual 

acquisition at 12:10 UTC, as illustrated for the MIR, VIS and TIR channels in Figure 5. 

 

 

 
 

Figure 5. 26 September 2024: Correlation analysis between synthetic (x-axis) RSS imagery at 12:00 and 

actual (y-axis) RSS data acquired at 12:00 (left panels), 12:05 (centre panels) and 12:10 (right panels). 

Moving from top to bottom, results achieved for MIR (top), VIS (middle) and TIR (bottom) bands are 

shown. R2, Root Mean Square Error (RMSE) and Mean Absolute Error (MAE) are reported as well. 
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In addition to this single-image analysis, a multi-image analysis was also conducted 

using all available RSS and 0deg images acquired in the month of September 2024 at 12:00 

UTC, stacked all together. The results confirmed the robustness of the 10-min temporal 

shift, with consistently high correlation values. Figure 6 shows a representative example 

obtained for the TIR channel. 

 

Figure 6. multi-image synthetic-actual RSS data correlation (TIR channel). R2, MAE and RMSE are 

reported as well. 

Such a 10-min shift, confirmed also from the analysis of all the other daily time slots, 

is fully expected and totally ascribable to the scanning characteristics of the RSS configu-

ration, that is faster than 0deg in covering the (smaller) region of interest, as shown in 

Figure 7. 

Therefore, to accurately simulate the MSG-RSS data, achieving the best possible cor-

relation, both the spatial resampling and the 10-min shifting processes must be applied to 

the MSG 0deg datasets. 

 

Figure 7. acquisition times of RSS (left) and 0deg (right) systems to reach the study area. 
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5.3. Temporal Interpolation 

Finally, to account for the different temporal resolutions of the two satellite systems, 

the spatially resampled images were temporally interpolated using a linear approach. Lin-

ear interpolation was selected as a conservative approximation over the 15-min interval 

between consecutive 0deg reference fields. Other, non-linear, interpolation methods (i.e., 

cubic spline) have also been tested with very similar results. The interpolation was per-

formed according to the following relation: 

Vt=VT1+
(VT4−VT1)

(T4−T1)
⋅(t-T1) (2) 

where t represents the interpolated time slot (i.e., HH:05, HH:10, HH:20, HH:25, HH:35, 

HH:40, HH:50, HH:55) at which the synthetic MSG-SEVIRI RSS reference fields are gen-

erated, while T1 and T4 correspond to the MSG-SEVIRI 0deg closest acquisition times 

(HH:00, HH:15, HH:30, HH:45) to the desired interpolated time slot (i.e., T4–T1 = 15 min). 

The variable Vt denotes the desired, synthetic MSG-SEVIRI RSS signal value at time t, 

whereas VT1 and VT4 point out the MSG-SEVIRI 0deg signal values at times T1 and T4, 

respectively. Thus, for example, to obtain the interpolated value at the time slot t = HH:05, 

the two closest MSG-SEVIRI 0deg values, at T1 = HH:00 and T4 = HH:15 are used in equa-

tion (2). One example of the result of temporal interpolation procedure is shown in Figure 

8, where the synthetic RSS reference fields (mean values) for the MIR channel in July, 

within the 12:00–12:15 UTC time interval are reported. 

Therefore, the MSG 0deg background reference fields (n. 2, i.e., mean and standard 

deviation), available for all the time slots (n. 96), for all the months (n. 12), for all the vari-

ables/channels relevant for the fire detection scheme (n. 5, i.e., VIS, MIR, TIR, MIR-TIR, 

delta-slot) were used to calculate the synthetic MSG-RSS reference fields, according to the 

above described three-step procedure. 

 

Figure 8. Synthetic RSS MIR mean images over 12:00–12:15 UTC temporal range. The RSS reference 

fields corresponding to SEVIRI 0deg time slots was obtained only by the spatial resampling (images 

with a red border) of the corresponding 0deg reference fields; whereas to obtain the values at higher 

temporal resolutions, both a spatial resampling (at the SEVIRI 0deg closest time slots) and a 

temporal interpolation based on Equation (2) were applied (images with a green border). Resulting 

BTs for one pixel of the scene (black dot, with central coordinates Lat: 39.46°N, Lon: 16.31°E) are 

also reported. 

In Figure 9, the original MSG 0deg July refence fields (i.e., mean and standard devi-

ation) and the synthetic RSS ones are plotted for one given pixel (Lat: 37.41°N, Long: 

14:34°E) of the scene, together with the actual MIR signals observed over the same pixel 

on the whole day (i.e., 24 h) of 24 July 2024. The higher temporal resolution of RSS than 

0deg is evident looking at the signal (red curves), whereas the actual (for 0deg) and 
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synthetic (for RSS) reference fields appear very similar, suggesting a smooth and reliable 

simulation procedure. 

 

Figure 9. MIR signals (red line) measured at one fire pixel [37.42°N, 14.33°E] on 24 July 2024 and 

corresponding reference fields (mean: black line; mean ± 2 standard deviation: grey lines); (a) MSG-

SEVIRI 0deg; (b) MSG-SEVIRI RSS, where the actual MIR signal is plotted together with the 

synthetic reference fields. 

The synthetic reference fields obtained through the above-described three-step pro-

cedure have then been used to apply the RST-FIRES algorithm to RSS data over a case 

study and to compare the results, in terms of number of detected fires and times of detections, 

to the ones obtained by the same algorithm implemented on the MSG-SEVIRI 0deg dataset. 

6. Results 

The here presented experiment was carried out in the framework of the “Tech4You—

Technologies for climate change adaptation and quality of life improvement” project, 

funded by the Next Generation EU—Italian National Recovery and Resilience Plan 

[47,48]. The RST-FIRES scheme has been applied to both the 0deg and RSS datasets, ac-

quired during the month of July 2022 over the whole Calabria Region, Southern Italy. In 

the case of 0deg dataset, the original background reference fields have been used, together 

with the actual MSG-SEVIRI 0deg imagery. On the other hand, for RSS, actual SEVIRI RSS 

images have been employed and compared to the synthetic background reference fields, 

computed according to the above described 3-step procedure. The detected thermal 

anomalies were matched with the actual fires occurred in the region in the considered 

month and reported by Calabria Region’s official bulletins (see Section 2.2). To this aim, a 

5 km-5 h space-time buffer was adopted in the match-up analyses. Namely, the detected 

anomalies were considered as successfully matching an actual fire if they occur within a 

5 km spatial buffer around the reported event coordinates and within a ±5 h temporal 

window with respect to the event time recorded in the official catalogue. The spatial se-

lection accounts for the extent of the SEVIRI pixel size over the study area (about 5 km is 

the distance northwards between the centres of two adjacent pixels) and possible georef-

erencing errors. Therefore, it corresponds just to a 1-pixel uncertainty. About the temporal 

selection, the 5 h buffer was adopted as a quite restrictive option. Indeed, time delays of 

traditional information sources compared with the corresponding RST-FIRES identifica-

tions, even those greater than 5 h, were reported during many fire seasons [33]. 

Table 2 summarizes the performances, in terms of sensitivity and timeliness, of both 

RST-FIRES configurations over the 189 officially recorded fire events. The RSS configura-

tion substantially improves the overall detection capability, identifying 27 events 

https://doi.org/10.3390/rs18111861


Remote Sens. 2026, 18, 1861 12 of 20 
 

https://doi.org/10.3390/rs18111861 

compared to 11 fires detected using 0deg configuration, corresponding to a 145% relative 

increase in sensitivity. 

Additionally, a slight improvement in temporal performance is also observed. The 

RSS configuration slightly increases the number of early detected events (from 4 to 6), but 

with a nearly double mean advance time, relative to the official reporting time, moving 

from 35 to 65 min, and extending the maximum advance time from 90 to 200 min. There-

fore, the achieved results suggest for the RSS configuration a similar general capability to 

0deg of detecting fires at an early stage, but a significant improvement in terms of timeli-

ness. At the same time, the mean (maximum) delay of RSS detections increases from 89 

(164) to 109 (293) minutes, showing that most of the additional RSS detections are likely 

delayed respect to the official fire-starting times. 

Table 2. Detection performance (sensitivity and timeliness) of RST-FIRES applied to SEVIRI 0deg 

and RSS datasets in comparison with the official fire record. 

 RST-FIRES/0deg RST-FIRES/RSS 

Detected fires 11 27 

Early detections 4 6 

Delayed detections 7 21 

Mean Advance (min) −35 −65 

Maximum Advance (min) −90 −200 

Mean delay (min) +89 +109 

Maximum delay (min) +164 +293 

To further investigate the differences between the two configurations, a direct com-

parison focusing on the exclusive (i.e., the fires detected by one configuration only) and 

common (i.e., the events detected by both configurations) detections, was also performed. 

The results are reported in Table 3. 

Table 3. Exclusive detection and detection timing comparison between RST-FIRES/0deg and RST-

FIRES/RSS configurations. 

SEVIRI  

Platform 

Exclusive 

Fires 

Common fires 

Total  

Detections 

Early  

Detections 

Simultaneous 

Detections 

Mean  

Anticipation 

(min) 

Maximum 

Anticipation 

(min) 

RST-FIRES/0deg 0 
11 

4 (vs RSS) 
2 

37.5 (vs RSS) 70 

RST-FIRES/RSS 16 5 (vs 0deg) 38 (vs 0deg) 165 

The analysis shows that the 11 fires detected using 0deg data are also identified by 

RSS (i.e., 0deg configuration does not allow for exclusive detections), while the latter ena-

bles the detection of additional 16 fires. Restricting the analysis to the 11 common fires, 

the comparison shows that, for 5 events, RSS allows for an earlier detection than 0deg, 

whereas 4 fires are detected by 0deg before RSS, with 2 simultaneous detections. The mean 

relative advance times are similar, 38 min for RSS and 37.5 min for 0deg, whereas the 

maximum advance observed for RSS is 165 min and 70 min for 0deg. 

Regarding the sole thermal anomalies, a spatiotemporal comparison between RST-

FIRES/0deg and RST-FIRES/RSS products has been accomplished. To do that, a different 

space-time buffer was used, namely 5 km-1 h, because no inaccuracies are expected for 

detection times whereas, due to the different view angles and pixel sizes, a few kilometer 

spatial displacement of the detected anomalies is likely to occur. The comparison revealed 

a significant difference in terms of total number of detections, with 134 alerts obtained 

from RSS data compared to 39 provided by 0deg. Therefore, the RSS detections are 
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roughly three times the 0deg alerts, as expected due to the triple temporal sampling of-

fered by the Rapid Scan configuration. 

Considering the 39 anomalies detected by RST-FIRES/0deg, 33 out of them (~85%) 

were also detected by RST-FIRES/RSS with a good consistency between the two configu-

rations (Table 4). Regarding those 33 common anomalies, the RSS configuration provided 

an earlier alert than 0deg in 48.5% of the cases (16 out of 33), with an average advance of 

approximately 7 min. The distribution of the RSS earlier times is characterized by a me-

dian value of 5 min, indicating that most anticipations are relatively short but systematic, 

while there was a maximum anticipation of 30 min, highlighting the potential of RSS data 

to capture the early stages of fire development well in advance, under favourable condi-

tions. Conversely, 0deg anticipates RSS in ~39% of cases (13 out of 33). Simultaneous de-

tections account for 12.1% (4 out of 33). 

From an operational perspective, the consistency of the detections with independent 

ground-based information further supports the reliability of the results. 

Apparently, several thermal anomalies do not correlate with the fires in catalogue. 

However, most of them are generated by a very high (and anomalous) MIR brightness 

temperature and we cannot a priori exclude that they are referring to some, not docu-

mented or not reported, high temperature event (e.g., [33]). 

Table 4. Spatiotemporal comparison between RST-FIRES/0deg and RST-FIRES/RSS thermal anomalies. 

RST-FIRES/0deg Total Anomalies 39 

0deg exclusive occurrences 6 15.4% 

Common occurrences 33 84.6% 

RSS earlier than 0deg 16 48.5% 

0deg earlier than RSS 13 39.4% 

Simultaneous 4 12.1% 

In Figure 10, the spatial distribution of the thermal anomalies detected by 0deg (blue) 

and RSS (red) RST-FIRES configurations are shown. Please note that the figure only re-

ports the spatial dimension, i.e., the same anomaly may have been identified multiple 

times, at different time slots. 

  

Figure 10. (Left) geographical setting of Calabria region. (Right) spatial distribution of the thermal 

anomalies detected by RST-FIRES/0deg (blue dots) and RST-FIRES/RSS (red dots). 

Figure 11, reporting the MIR daily cycle signal together with the background refer-

ence fields (i.e., mean ± 2 standard deviation), shows two examples of RSS detections: one 

is an exclusive detection, and the other is a slight anticipation respect to 0deg warning. 

Considering the exclusive detection (Figure 11a), RSS was able to identify the fire at 13:05 

UTC, i.e., a few minutes before the official Mandatoriccio fire time (13:13 UTC) reported 
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in the Regione Calabria’s bulletin, representing then an effective early detection, only 

achievable by using RSS records. On the other hand, for what concern the Scandale fire 

(Figure 11b), both the RST-FIRES configurations were able to detect the event, but RSS 

was able to anticipate the alert 10 min sooner compared to 0deg. 

 

Figure 11. Examples of RST-FIRES/RSS exclusive (a) and earlier (b) detections compared to 0deg. 

7. Discussion 

The improvements in detection frequency and timeliness observed when using RSS 

data are particularly noteworthy considering that the RST-FIRES implementation at 5-min 

temporal resolution relies on reference fields derived through the interpolation of histor-

ical SEVIRI 0deg background statistics. Despite the lack of long-term RSS time series, 

which would be ideally required by the RST framework to build fully independent clima-

tological references, the results indicate that the interpolated background fields preserve 

a sufficient level of physical and statistical consistency to support reliable anomaly detec-

tion at higher temporal sampling. 

The significant improvement in early fire detections provided by RSS, together with 

the limited number of cases in which the standard configuration outperforms the rapid 

scan mode, suggests that the gain in temporal resolution effectively compensates for the 

approximations introduced in the background construction. This behavior is consistent 

with the underlying RST philosophy, which is designed to enhance the signal-to-noise 

ratio of anomalous thermal emissions by exploiting local deviations from stable reference 

conditions, rather than relying on absolute thresholds. In this context, the increased tem-

poral density of observations allows for a finer tracking of the temporal evolution of fire-

related thermal signals, improving the probability of intercepting the onset and early 

growth phases of fires. 

Moreover, the increased sensitivity offered by the RSS configuration, aside from the 

temporal sampling, might be also ascribed to a smoothly improved spatial resolution, due 

to the different view geometry of RSS compared to 0deg. In fact, as previously mentioned 

(See Section 4), the Meteosat-11 platform providing RSS data is positioned at 9.5°E longi-

tude, thus imaging the study area under a different (i.e., lower) view zenith angle. Looking 

at the study area (i.e., Calabria region), the mean zenith angles of RSS and 0deg can be 

computed; they are, respectively, 45.6 and 48.1 degrees, which in turn translate into a pixel 

area of about 12.86 and 13.48 sqkm, resulting thus in a reduction in RSS pixel size of about 

5%. This means that the same fire is going to occupy a 5% greater pixel fraction in RSS 

imagery than 0deg, allowing for a more likely detection. This hypothesis is further cor-

roborated by looking at the locations of the 16 additional fires exclusively detected by 

RST-FIRES/RSS configuration. In fact, as shown in Figure 12, most of them (12 out of 16, 
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i.e., 75%) are located at the easternmost area of the Calabria region, all around 17° Long 

E, where the 0deg view geometry is particularly unfavourable and, consequently, the im-

provement in terms of RSS pixel size is more enhanced. As an example, picking up the 

event of Crotone, occurred on 23 July 2022, located at 39.04°N and 17.03°E, the areas of the 

corresponding pixels are ~14.98 sqkm and ~14.07 sqkm, respectively for 0deg and RSS im-

agery, thus allowing effective detection by the latter because of a ~6% reduction in pixel size. 

It is worth noting that the results achieved in this study are mostly independent on 

the spatial resampling method as well as on the interpolation function, as tests carried out 

by using different approaches (e.g., bilinear, cubic, spline) provided very similar results. 

 

Figure 12. Spatial localization of the additional 16 fires detected by RST-FIRES/RSS only. 

The findings of this work have relevant implications in view of the forthcoming tran-

sition to Meteosat Third Generation data [35]. The MTG-FCI instrument, in fact, is provid-

ing both enhanced spatial resolution and unprecedented temporal sampling, together 

with an improved dynamic range in the mid-infrared region. Furthermore, MTG-FCI is 

not affected by the temporary outages that characterize the RSS service, which can last 

from 48 h (monthly interruptions) to one month (yearly interruption). 

The results presented here suggest that RST-based fire detection algorithms can ef-

fectively benefit from such improvements even when reference fields must be recon-

structed or adapted from legacy datasets. With this regard, preliminary results (e.g., Fig-

ure 13) confirmed that synthetic MTG-FCI MIR imagery (@3.8 μm and 2 km of spatial 

resolution), obtained by resampling the MSG-SEVIRI data (@3.9 μm and 3 km) correlate 

very well (R2 ~0.99, MAE = 0.722, RMSE = 1.412), in space-time domain, with the actual 

FCI data, both in night-time and daytime conditions, suggesting a smooth porting of RST-

FIRES also on MTG-FCI. The latter supports the feasibility of a reliable methodological 

continuity between MSG-SEVIRI and MTG-FCI missions, paving the way (waiting for the 

latter’s historical dataset to become sufficiently rich) for an immediate operational 
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exploitation of high-frequency and high-resolution geostationary observations for early 

fire detection and near-real-time monitoring. 

 

Figure 13. 1 October 2024: Correlation analysis between synthetic (x-axis) MTG-FCI MIR imagery and 

actual (y-axis) MTG-FCI MIR data acquired at 00:00 UTC. R2, MAE and RMSE are reported as well. 

8. Conclusions and Future Perspective 

In this work, the porting of RST-FIRES algorithm on MSG-SEVIRI/RSS data has been 

preliminarily tested and assessed. Achieved results, in terms of number of fires detected 

and time of alerts, validated by means of an independent data set of actual fires occurred 

in the investigated area (Calabria Region, southern Italy) and in the considered period 

(July 2022), demonstrated the feasibility (and reliability) of such a porting procedure, ob-

tained using a dataset of RSS synthetic background reference fields, derived by spatially 

resampling and temporally interpolating and shifting the MSG-SEVIRI 0deg data. This 

study demonstrated that the use of RSS data significantly improves the temporal respon-

siveness of RST-FIRES, allowing for a quasi-systematic earlier detection (average antici-

pation of 65 min, with a maximum of 200 min) than 0deg and for an increased (nearly 

doubled) sensitivity, due to the improved temporal (3× 0deg) and spatial (~ 5% reduction 

in pixel size) resolutions. Overall, these results have clear implications for near-real-time 

fire monitoring and early warning applications. The RST-FIRES products based on RSS 

data can be easily included in operational decision support tools such as the Integrated 

Satellite Systems (ISS, [44]). With this regard, the proposed system has been implemented 

over the whole Italian peninsula and operationally experimented over the Basilicata and 

Calabria regions in the framework of the Tech4You project. The achieved results are even 

more remarkable in view of the forthcoming transition to MTG data. The MTG-FCI in-

strument, in fact, provides both enhanced temporal sampling (10 min) and unprecedented 

spatial resolution (1 km) of MIR/TIR observations, together with an improved dynamic 

range in the mid-infrared region [49]. The results presented here suggest that RST-based 

fire detection algorithms can effectively benefit from such improvements even when 
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reference fields must be reconstructed or adapted from legacy datasets. In this reference, 

preliminary achievements have already demonstrated a good spatial/spectral/temporal 

correlation between synthetic (i.e., MSG-SEVIRI 0deg-derived) and actual MTG-FCI im-

agery, supporting the feasibility of a smooth operational continuity between MSG-SEVIRI 

and MTG-FCI missions, for early fire detection and near-real-time monitoring based on 

the RST-FIRES approach. 
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