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Abstract. The EUMETSAT Meteosat Third Generation Lightning Imager (MTG-LI) is the brand-new European space-based
lightning location system devoted to the diagnostic and characterization of lightning activity over hemispheric scale. In this
publication, we present the assessment of MTG-LI detection performances against three different reference systems: the Vaisala
Global Lightning Detection Network (GLD360), the European Consortium for Lightning Detection (EUCLID), and Geosta-
tionary Lightning Mappers (GLMs) -16 and -19 aboard NOAA GOES satellites. The analysis period is of eighteen months:
from July 2024 to December 2025. MTG-LI flash detection efficiency varies between 70 % (day) and 95 % (night), with an
average value of 87.4 %. Its average flash false alarm rate is generally below 0.5 flashes per second, while the average fraction

of false flashes is 0.16 % of the total flashes. Finally, both average timing and location accuracy are presented and discussed.

1 Introduction

Lightning activity is known to be tightly related to the occurrence of severe weather events (MacGorman et al., 1989; Lyons and
Keen, 1994; Williams et al., 1999; Schultz et al., 2009; Gatlin and Goodman, 2010; Schultz et al., 2011). Since 2018, lightning
is considered an Essential Climate Variable (ECV) by the Global Climate Observing System (GCOS; e.g., Price and Rind,
1994; Reeve and Toumi, 1999; Virts et al., 2013; Cecil et al., 2014; Finney et al., 2018; Aich et al., 2018). Lightning is also
known to impact atmospheric chemistry, primarily with the production of NOx (Chameides, 1986; Schumann and Huntrieser,
2007; Gordillo-Vazquez, 2019; Pérez-Invernén et al., 2023) which can impact ozone concentrations in tropical regions (Liaskos
et al., 2015; Murray, 2016). Finally, lightning poses threats to airplanes ( Mitchard et al., 2016), infrastructure such as wind
turbines (Djalel et al., 2014) or power plants (Grebovi¢ et al., 2025) and people (Ashley and Gilson, 2009).

In order to comprehensively monitor lightning, it is necessary to develop systems with global (or near-to-global) coverage,
both good temporal and spatial resolution (or location accuracy) and the capability of monitoring continuously total lightning
activity. Total lightning activity is defined by the combination of Cloud-to-Ground (hereafter CG) and Intra-Cloud (hereafter
IC; e.g., MacGorman et al., 1989; MacGorman and Nielsen, 1991; Branick and Doswell, 1992; Shafer et al., 2000) lightning.
Several studies have been dedicated to modeling and measuring of the ratio between IC and CG lightning (Prentice and
Mackerras, 1977; Boccippio et al., 2001). For the purpose of this introduction, we consider IC lighting to make ~ 75% while
CG make ~ 25% of the total lightning activity.
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Lightning Location Systems (hereafter LLSs), i.e., systems devoted to the diagnostic and characterization of lightning ac-
tivity can be grouped in two big families: i) ground-based and ii) space-based. Ground-based LLSs locate, and characterize
lightning by measuring radio waves (Rakov and Uman, 2003; Cummins and Murphy, 2009). In this group of systems one finds
Very High Frequency (VHF; e.g., Rison et al., 1999), Low Frequency (LF; e.g., Cummins and Murphy, 2009) and Very Low
Frequency (VLF; e.g., Said et al., 2013) systems, respectively. When transitioning from VHF to VLF technology, lightning de-
tection and characterization capabilities change dramatically. VHF LLSs enable the 3D mapping of electric discharges within
clouds over a range of about 100-200 km. The accuracy with which such systems describe lightning activity is close to ideal
and it does not differ for IC and CG lightning activity. With LF and VLF LLSs one gets the capability of monitoring lightning
over increasingly large regions. In fact, LF LLSs are employed from national up to continental scales while VLF LLSs can
monitor lightning activity globally. However, with the increase of the antenna network baseline and coverage one progressively
looses the capability of monitoring IC lightning (Cummins and Murphy, 2009), i.e., the dominant component of the total light-
ning activity. In the context of this paper, continental LLSs worth mentioning are the National Lightning Detection Network
(NLDN; Said et al., 2013) over continental United States and the European Cooperation for LIghtning Detection (EUCLID;
Schulz et al., 2016) over continental Europe, while global LLSs are the Global Lightning Detection network (GLD360; Said
and Murphy, 2016) and the Earth Networks Total Lightning Network (ENTLN; Heckman, 2014).

Space-based LLSs monitor and characterize lightning activity by imaging visible photons originating along lightning chan-
nels and emerging at could tops after scattering within clouds. An important point to stress here is that any lightning discharge
produces the emission of visible photons and, as a consequence, space-based LLSs have the capability of monitoring total
lightning activity without the possibility of distinguishing between CG and IC. Pioneering missions demonstrating the feasi-
bility and effectiveness of this lightning monitoring principle are the Optical Transient Detector (OTD; e.g., Boccippio et al.,
2000b, 2002) and the Tropical Rainfall Measurement Mission Lightning Imaging Sensor (TRMM-LIS; e.g., Boccippio et al.,
2000a; Cecil et al., 2005, 2026). OTD was operated on a 70° inclination orbit from 1995 to 2000 while TRMM-LIS observed
lightning in the tropics on a 35° inclination orbit during 1998-2015. These two instruments were capable of monitoring light-
ning from space during day and night over large portions of the planet. However, both were limited by short viewing times of
their low-Earth orbiting satellites, making continuous monitoring of storms impossible. Geostationary LLSs were developed
for continuous monitoring of lightning over large (hemispheric) areas. The first Geostationary Lightning Mapper (GLM) was
launched in November 2016, aboard the first Geostationary Operational Environmental Satellite (now GOES-16; e.g., Good-
man et al., 2013; Rudlosky et al., 2019; Rudlosky and Virts, 2021; Virts et al., 2025) of the GOES-R Series. Currently, four
different GLM instruments are flying aboard GOES-16, -17, -18 and -19 satellites enabling the monitoring of total lightning
activity from New Zeeland to the western coast of Africa. This coverage is achieved by operating two GLM instruments on
GOES-East (at 75.28° W) and GOES-West (at 137.28° W) satellites, respectively. GLMs have been delivering to users con-
tinuous total lightning detections over a very large portion of the globe since several years. GLM’s launch was followed by the
Lightning Mapping Imager on the Chinese Fengyun-4A in December 2016 (FY-4A-LMI,; e.g., Cao et al., 2021; Chen et al.,
2021). Recently, in December 2025, a second LMI instrument has been launched on the Fengyun-4C (FY-4C-LMI). Depending
on the season, the field-of-view (hereafter FOV) FY-4A-LMI encompasses China, southern Indian Ocean and the Western part
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of Australia. FY-4C-LMI delivers hemispheric coverage. Table 1 resumes publicly available design features of all geostationary
lightning mappers currently in orbit.

Space-based geostationary LLSs are superior to ground-based ones for monitoring total lightning activity globally. They
offer consistent, uniform, and continuous coverage over hemispheric scales (encompassing land, oceans and remote regions)

and with high detection efficiency during both day and night (Virts et al., 2025).

2 MTG-LI System

The Lightning Imager (LI), operated by EUMETSAT, is a new space-borne optical lightning detector in geostationary orbit.
Launched on December 13, 2022, aboard the first Meteosat Third Generation Imaging satellite (MTG-I; Holmlund et al.,
2021, 2025), MTG-LI continuously monitors lightning activity in Europe, Africa, and part of the Atlantic Ocean, South Amer-
ica, middle East and Indian Ocean (Figure 1). Since July 2024 (i.e., beginning of pre-operational dissemination), MTG-LI
has been delivering near real-time lightning data products. These are already widely used by national weather services for the
operational monitoring and now-casting of development, evolution, and severity of thunderstorms. A total of four MTG-LI
instruments will be operated between 2022 and 2040.

The design and working principle of the MTG-LI instrument (Table 1) is largely inherited from previous space-borne optical
lightning detectors from NOAA (section 1). The MTG-LI uses four cameras for continuous observation of about 84 % of the
Earth disk up to £80° latitude, making its FOV considerably larger than GLM’s (Figure 1). The spatial coverage is defined by
the geostationary orbital position of the MTG-I, its 0° longitude and the FOV of the instrument. The MTG-LI North Sector
encompasses the whole of Europe and northern Africa. The West Sector encompasses the central Atlantic Ocean, eastern part
of south America and western part of Africa. The East Sector encompasses central and eastern Africa, part of Middle East and
western part of the Indian Ocean. Finally, the South Sector encompasses the South Atlantic Ocean and southern Africa.

MTG-LI cameras sense optical photons emitted in correspondence of lightning channels. Such photons are scattered multiple
times through clouds and emerge at cloud tops (or cloud sides at very high viewing angles). Each MTG-LI camera is composed
of a telescope lens coupled to a narrow-band (1.9 nm bandwidth) optical filter, centered around the 777.4 nm neutral atomic
oxygen triplet emission line (standard wavelength for lightning monitoring). The Earth scene is projected onto four CMOS
detectors composed of 1000 x 1170 pixels. This translates into a spatial sampling of 4.5km at the sub-satellite point (i.e.,
[0° N,0° E]). The acquisition rate of each sensor is one thousand images per second, corresponding to 1 ms exposure time.
To detect optical emissions from lightning, MTG-LI continuously monitors the Earth scene (hereafter background) for sudden
increases in pixel radiance. Such increases are defined relatively to a reference background derived through a running average
of previously acquired backgrounds. For each pixel, the detection threshold adjusts based on the background radiance: in
simple words, the detection threshold used on a dark pixel (e.g., at night) is lower than the one used on a bright pixel (e.g.,
cloud at noon). At the locations of those pixels in which the increase of radiance in the last acquired frame exceeds the
detection threshold, lightning candidates are detected. These are also called Detected Transients (hereafter DTs). Since one of

the objectives of MTG-LI System is to provide users with lightning detections with a sensitivity as close as possible to the noise
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of the instrument, the vast majority of the DTs are False Transients (hereafter FTs) triggered by different noise sources (e.g.,
camera sensor noise, high energy particles, direct sunlight or different types of Sun reflections in MTG-LI optics). However,
most of the FTs are removed by the onboard filtering aimed at removing DTs originating from shot-noise before the data is
sent to the ground. The MTG-LI on-board filtering logic is presented in Kokou et al. (2018). Depending on the time of day,
the four MTG-LI cameras typically detect (0.25-1.25) x 106 DT s~!, while only a maximum of 8 x 10* DT s~! can be sent
to the ground due to the limited bandwidth of the data down-link (Table 1). Together with DTs, also background images are
down-linked once every minute. These are employed for navigation of MTG-LI measurements and for monitoring purpose.

The on-ground processing is executed through the Instrument Data Processing Facility (IDPF-I) and the Level 2 Processing
Facility (L2PF). In the IDPF-I, background images and DTs are geolocated and calibrated radiometrically. In addition, more
DT filtering is performed by a set of filters that greatly reduce the number of FTs. The output of IDPF-I is mostly composed
by true DTs (or lightning events) that are then fed into the L2PF. Depending on the time of the day and the amount of lightning
activity in the MTG-LI FOV, the number of DTs in output of IDPF-I varies between a few hundreds to a few thousands per
second. The L2PF clusters DTs that are adjacent on the MTG-LI pixel grid and acquired on the same 1 ms integration frame
into lightning groups. For each lighting group, geographical coordinates are computed as the radiance-weighted centroid of all
the DTs in the group while the observation time is set by the UTC time of the acquisition frame. Lightning groups correlated in
time and space within 330 ms and 16.5 km are then clustered into flashes. For each lighting flash, geographical coordinates are
computed as the radiance-weighted centroid of all groups in the flash while the observation time is the UTC time of the first
group in the flash. The MTG-LI flash clustering approach is generally in line with other space-borne optical lightning detectors
(e.g., Mach, 2020). The L2PF also evaluates groups and flashes through a set of filters to further remove FTs that passed the
IDPF-I filtering. As a small part of the MTG-LI FOV is covered by two or even three cameras (Figure 1), a flash duplicate check
is performed. If more than one observation of the same flash is found in multiple cameras, then only the richest flash (i.e., the
one with the greatest number of events) is preserved. The MTG-LI System delivers a portfolio of products. A comprehensive
user guide of all the MTG-LI products is available at https://user.eumetsat.int/resources/user-guides/mtg-li-level-2-data-guide.
These provide users with a comprehensive characterization of total lightning activity: from global/hemispheric scales down
to single convective cells. In the context of this publication, the most relevant products are MTG-LI Level 2 lightning groups
(LI-2-LGR) and flashes (LI-2-LFL), respectively.

3 MTG-LI Lightning Detection Performance Indicators and Assessment

The MTG-LI is an imaging Mission/System and it is characterized by the following key performances: a) radiometric, b) ge-
ometric and c¢) lightning detection, respectively. At EUMETSAT, different methodologies are being employed to continuously
monitor MTG-LI performances. These can be divided in two main categories: i) those analyzing background images (assess-
ing a and b) and ii) those analyzing lightning detections (assessing ¢). In this manuscript we focus on the second category of
methodologies, and in particular on those providing one with MTG-LI detection performances (including timing accuracy and

location accuracy).
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Detection performances of a LLS are a matter of balance between detection efficiency and false alarm rate. The former
quantifies the percentage of real lightning that is detected by the LLS and is made available to users in the disseminated
products. The latter measures the rate per second of false measurements that are left in products after the filtering of FTs
(section 2). It is important to clarify that the false alarm rate of a LLS could be virtually reduced to zero. However, this would
strongly impact the detection efficiency by removing from products those lightning measurements whose properties are similar
to false ones (composed of FTs) due to noise. Since one of the goals of the MTG-LI System is to deliver lightning detections
with a sensitivity as close as possible to the noise of the MTG-LI instrument, one should consider a false alarm rate larger than
zero as a trade-off to achieve the highest possible detection efficiency.

In the present paper, a two-system Bayesian absolute flash detection efficiency approach is adopted to compute the flash
detection efficiency of the MTG-LI System (Bitzer et al., 2016; Virts et al., 2025). The Bayesian approach can be applied to
a generic combination of systems to derive an increasingly (with the number of systems) refined measurement of the absolute
flash detection efficiency. In our analysis we opted for the following set of assessments: i) MTG-LI against GLD360 for the
computation of absolute flash detection efficiency and flash false alarm rate over the entire MTG-LI FOV, ii) MTG-LI against
EUCLID for a complementary absolute flash detection efficiency assessment over Europe and iii) MTG-LI against GOES-GLM
for an additional complementary assessment in the overlap region between these two optical space-based systems (Figure 1).

The computation of the Bayesian absolute flash detection efficiency is based on the computation of the conditional detection
probability (P(test|ref)) of the two systems employed for the performance assessment: test and reference, respectively. This
basis on a “matching exercise” between each single flash delivered by the two systems. A test system flash matches with a
reference system flash when it is found within the spatial matching radius during the matching time window from the reference
system flash (as defined in Table 2). When that is the case, then it can be assumed that the reference system flash was detected
also by the test system. A one-to-many matching schema is employed, allowing for matching one flash of the test system to
multiple flashes of the reference system. This is the best choice for comparing flash products whose properties can vary due
to specific design and/or processing features of the respective systems. Once the matching exercise is executed over the entire
reference sample n,.., the conditional probability is computed as:

P(test|ref) = Ttmatches , (1
Nref

where n,qtches 1S the total number of test flashes matched to reference flashes. For each pair of systems (A and B, respectively)

being compared, the conditional detection probability is computed “both ways” (i.e., P(A|B) and P(B|A)), by employing each

system as test and reference, respectively. With both conditional detection probabilities, the upper limit of the absolute flash

detection efficiency is:

FDE — 1 . @)

P(B|A
1+ 58181 - P(4]B)]

Hereafter, the MTG-LI absolute flash detection efficiency will be F'DE. This has been derived between LI-GLD360, LI-
EUCLID and LI-GLM, respectively, with the six sets of configuration parameters in light-blue-shaded cells under both test

and ref columns of Table 2.



160

165

170

175

180

185

190

https://doi.org/10.5194/egusphere-2026-3177
Preprint. Discussion started: 29 June 2026 EG U h
© Author(s) 2026. CC BY 4.0 License. spnere

The matching exercise employed for the computation of conditional probabilities used in Equation 2 offers one the possibility
of deriving two additional performance indicators: i) location accuracy (LA) and ii) timing accuracy (TA), respectively. In this
case, the measurements employed in the matching exercise are MTG-LI groups (fest) and ground-based strokes (ref) from
GLD360 and EUCLID, respectively, with the configuration parameters in white-shaded cells under the test column of Table 2.
The reason for this choice is that groups, having considerably smaller spatial and temporal extent than flashes, reflect MTG-
LI spatial and temporal accuracy better than flashes. LA is the mean of the distance between matched groups-strokes pairs
(expressed in km), while TA is the mean of time differences between observation times of matched groups-strokes pairs
(expressed in psec). Differently from the flash matching, a one-to-one matching schema is employed when exercising the
matching between MTG-LI groups and ground-based strokes.

The Flash False Alarm Rate (FFAR) is computed by employing a gridded approach. The grid has 0.1° x 0.1° bins and
GLD360 flashes are used as seeds to mark regions of lightning activity, called reference storm areas. In detail, reference storm
areas are derived by: i) marking those grid elements in which GLD360 flashes are found within the accumulation time (At)
and ii) expanding the marked elements using a buffer of pixels (Apix; see both configuration parameters in the last column of
Table 2). MTG-LI flashes during one minute, i.e., the central minute of GLD360 accumulation time, are classified at each step.
A MTG-LI flash is false if it is outside the reference storm areas. The approach for computing the FFAR is very different from
the one of the flash matching exercise for measuring the F'DF, in which a match is found within very small margins around
each reference measurement (Table 2). In fact, the FFAR is computed with a very conservative approach: a flash is false when
is very far from GLD360 flashes. The ground for this choice is that one expects MTG-LI to produce a much larger number of
true flashes compared to GLD360. The latter system is known to favor the detection of CG flashes which are a small fraction
of the total lightning activity. Nevertheless, GLD360 flashes can be used as tracers of regions of lightning activity in which
true lightning detections from MTG-LI are expected to be found within certain margins. The extreme opposite of this approach
would be flagging as false those MTG-LI flashes that are not matched to any reference GLD360 data in the computation of the
FDE. This approach would give one a very large (ill defined) FFAR stemming from the fact that many of the MTG-LI flashes
capturing IC lightning activity have no counterpart in GLD360 flashes.

Prior to any comparison between MTG-LI and ground-based measurements, MTG-LI data must be corrected for parallax
as well as light travel time. This is necessary since MTG-LI senses photons emerging from clouds while orbiting at about
4.2 x 10* km above Earth center, while ground networks locate lightning detections on ground. In detail, the parallax effect
increases with increasing viewing angles of the instrument towards the edges of the visible Earth disk. As MTG-LI DTs are
normally detected at cloud tops, i.e., about 10—15km above ground, locations of MTG-LI measurements at large viewing
angles appear to be further away from the sub-satellite point than they are. In addition, the light travel time between Earth
clouds and the instrument is in the order of 120—150 ms, meaning that the correction is critical when matching MTG-LI and
ground-based products (for direct comparison Table 2). In the present study, MTG-LI data were corrected for both effects. The
parallax correction is computed from a thirteen-year-long could-top-height climatology of ice clouds derived from the Optical
Cloud Analysis product of EUMETSAT (Bozzo et al., 2024) and varies with the geolocation and with the month. The light
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travel time is modeled by taking into account the distance between the Earth surface and the MTG-I satellite orbit. The Jupyter
notebook to derive both corrections can be found at the user guide link available in section 2.

MTG-LI System performances FDFE and FFAR are quantified relative to GLD360. This is the main reference defining
the “lightning truth” against which MTG-LI System performances are measured: GLD360 is a widely used global LLS, it
delivers lightning strokes and flashes continuously within the entire MTG-LI FOV (Figure 1) and its performances have been
extensively characterized. In addition, complementary performance assessments against two additional LLS are presented in
this publication, i.e., EUCLID and GLMs on GOES-East, whose FOV overlaps with MTG-LI’s (Figure 1). The characterization
of the relative performances between MTG-LI and EUCLID is very relevant for characterizing the capability of the MTG-LI
System of monitoring total lightning activity over a good portion of Europe (i.e., over several EUMETSAT member states; see
Figure 1). GLD360 detection capabilities are biased towards the detection CG lightning (Cummins and Murphy, 2009), i.e., a
small portion of the total lightning activity. The shorter baseline of EUCLID translates into better capabilities of monitoring
total lightning activity than GLD360, i.e., EUCLID is a continental reference LLS which provides one with a more complete
description of lightning activity than GLD360. In addition, EUCLID has very good location accuracy, of the order of few
hundreds of meter (Schulz et al., 2016). EUCLID can be regarded to be the European counterpart of the NLDN over continental
United States. NLDN was employed to complement the GLM performance assessment done against GLD360 (Murphy and
Said, 2020).

The characterization of the relative performances between MTG-LI and GLM is very relevant because of their design (Ta-
ble 1). Their detection principle is the same as well as key elements of their processing/filtering chain. GLMs are being operated
since 2016 and a total of four have been launched with progressively improved detection performances (Virts et al., 2025). In
addition, in the context of global lightning monitoring, GLMs and MTG-LI currently represent the state of the art of continuous
space-based lightning monitoring from geostationary orbit whose combination of flash detections provides one with continuous
monitoring of total lightning from New Zeeland (west-most region covered by GOES-West) to the Arabic peninsula (east-most
region covered by MTG-LI; see Figure 1). The knowledge of the relative performances in the overlap region of GLM on
GOES-East and MTG-LI is critical to define a meaningful approach to merge/combine flashes from the two space-based LLSs
into a single dataset.

Finally, MTG-LI, GLD360 and EUCLID, are compared over a reference period of eighteen months: from July 2024, i.e.,
beginning of pre-operational dissemination of MTG-LI products, and end of year 2025. MTG-LI is compared against GOES-
GLMs over two different periods: July 2024—March 2025 against GLM-16 and April 2025-December 2025 against GLM-19,
respectively. Results are derived as averages over these periods. In detail, such averages will be derived as a function of the
geolocation to derive maps, or as a function of time (either local time or UTC) to derive temporal variations over 24 hours. In
maps, we disregard the results from those grid cells in which less than ten reference (ref) measurements are available and we
exclude from the assessment those locations for which the parallax correction is not available. This is a 5°—6° "ring" along the

edges of the MTG-LI FOV. Finally, a total of about fourteen days with MTG-LI data outages were excluded from the analysis.
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4 MTG-LI Detection Performances against GLD360

The average MTG-LI FDEFE over its full FOV during the reference period is 87.4 %. The FDE map (Figure 2) indicates
uniformly high FDFE over most of the MTG-LI FOV, including F'DE > 90 % across Africa and 80 %-90 % over Europe. Over
South America, Russia and Indian Ocean there is a sharp drop of F'DFE near the edge of the MTG-LI FOV.

The dependency of FDE with the distance from the sub-satellite point is further illustrated in Figure 3. In detail, the top plot
shows FDE as a function of the latitude along the north—south (hereafter N-S) axis of the region delimited by [0° N-75° N;
25° W—-40° E]. FDE over Africa (i.e., 0° N-35° N) is always above 90 %. From the northern coast of Africa to northern
Scandinavia (at about 70° N), FDFE decreases down to about 75 %. The average FDE over the entire region is 93.6 %. The
complementary MTG-LI flash distribution plot indicates that this number is strongly dominated by the very high amount of
lightning in central Africa (i.e, 0° N-20° N) and somewhat contributed by lightning over southern and central Europe (i.e.,
40° N-50° N). In contrast, very little lightning was observed around 30° N (over the Sahara Desert) and to north of 60° N
(over Scandinavia).

The middle plot of Figure 3 is the same as the top plot, but this time the F'DE is presented as a function of the longitude
along the east—west (hereafter E-W) axis of the region delimited by [3° N-14° S; 75° W-0° E]. From east (at longitude of
0° E) to west (at longitude of 75° W), one finds a constant decrease of FDE from about 95 % down to about 40 %. The
average FDFE over the entire region is 67.6 %, much lower than in the region used to study the latitudinal variation (top plot).
The complementary MTG-LI flash distribution plot shows that this result is strongly dominated by the lightning activity over
South America (35°-75° W), i.e., much further from the sub-satellite point than in the top plot. It can be also noticed that the
totals of MTG-LI flashes in South America are about five times lower than in Africa. Here, it is important to consider that the
used spatial area only covers a relatively small part of South America between 3° N and 14° S.

The bottom plot of Figure 3 presents the variation of the FDE over the entire MTG-LI FOV as a function of the hour of
day in local time. The impact of illumination conditions on the MTG-LI FDE is evident. During the hours in which the Sun
illumination is low or absent, FDE is flat at about 90 %—95 %, while it has a minimum of around 75 % at noon. The transition
from the minimum at noon to the maximum during low illumination hours is almost perfectly symmetric with respect to noon.
The complementary MTG-LI hourly flash count plot indicates that the lowest FDE around local noon is characterized by
relatively low lightning activity. By the time of the diurnal maximum in lightning activity, at 16—17 hours local time, F'DFE has
already increased to 80 %—85 %.

The average MTG-LI absolute LA during the reference period is of the order of 10-15 km over most of the FOV (Figure 4).
The most obvious feature is a relatively sharp increase in MTG-LI location offsets near the edges of the FOV where the
observation geometry is unfavorable (accompanied by low FDFE; see Figure 2). Over the seas and oceans, LA is generally larger
(worse) than over land. Some regional variations are also visible over the continents. LA over Africa and Arabic peninsula is
always better than 15 km. Furthermore, there are extended regions with LA values below 10km in Africa and Europe. The
diurnal cycle of the absolute LA over the entire MTG-LI FOV is presented in Figure 5. Values vary from 8.7 km at 12:00 UTC
to more than 13 km between 20:00 UTC and 05:00 hours UTC, with the mean value of 11.7 km. MTG-LI T A < 103 psec in
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line with expectations (see the MTG-LI integration time in Table 1). In addition, T'A is found to be very stable over the entire
reference period. TA is assessed exclusively against GLD360.

The average FFAR computed over the entire MTG-LI FOV is 0.03 flash s~! and the value rarely exceeds 0.5 flash s~1. Out
of the total of 902716484 flash detected during the reference period, 1427759 are classified as false, i.e., 0.16 %. The spatial
distribution of all MTG-LI flashes and false flashes over the reference period is presented in Figure 6. There is a clear trend
towards lower FFAR at higher latitudes. For example, Europe has very low FFAR (i.e., less than 0.001 flash s~!) compared
to Africa and the tropical Atlantic Ocean. In addition, it can be seen that East and West Sectors (contoured in green and blue,
respectively) have a higher number of false flashes compared to both North and South Sectors (contoured in orange and red,
respectively). This is very noticeable over the equatorial Atlantic Ocean. The spatial distribution of the false flashes is also
much more diffuse than the patterns of true lightning. The number of false flashes is at least two orders of magnitude lower
than the number of true lightning over most of the MTG-LI FOV. The only notable exception is the tropical South Atlantic
Ocean where false flashes dominate due to the absence of lightning activity. Three additional features that clearly stand above
the diffuse component of false flashes are: i) a few parallel northwest to southeast oriented straight features in the tropics, ii) a
few elongated features with very different directions and intensities (e.g., the one in the south of South Sector) and iii) several

clusters over South America, Africa and Russia.
4.1 Complementary performance assessments against EUCLID and GLMs on GOES-East

The average MTG-LI F'DE in Europe derived by using EUCLID as a reference is presented in Figure 7. The result is generally
in good agreement with the F'DE map derived by using GLD360 as a reference (Figure 2). The average MTG-LI FDE
measured within the official EUCLID coverage area (the black polygon in Figure 7) is 84.7 %. Somewhat lower FDE is
observed in areas where EUCLID is known to perform the best (i.e., central Europe) and in the northernmost part of Scandinavia
where the MTG-LI observation geometry is unfavorable. The diurnal variation of the F'DE over the EUCLID coverage area as
a function of the local hour is presented in Figure 8. The main findings, i.e., higher FDE during dark night hours and lowest
FDE around local noon, are well in line with the results obtained using GLD360 as a reference (bottom plot in Figure 3).

The MTG-LI average absolute LA in Europe derived by using EUCLID as a reference is presented in Figure 9. LA over Eu-
rope derived against EUCLID is somewhat better than the one derived against GLD360 over the full MTG-LI FOV (Figure 4).
This result is further confirmed by comparing the diurnal variation of LA in Figure 10 and Figure 5: the hourly absolute LA
over Europe varies between 7.1 km and 11.6 km, while the same quantity measured against GLD360 over the entire MTG-LI
FOV varies between 8.7 km and 13.8 km. The three complementary curves in Figure 10 represent the diurnal cycle of the abso-
lute LA as a function of UTC time over Finland, Germany and Spain, respectively. From north to south one finds a considerable
improvement of location accuracy: the hourly LA values vary between 11.7 km and 20.0 km in Finland, and between 5.7 km
and 12.1 km in Spain.

The MTG-LI FDE measured against two GLMs on GOES-East in the overlap region between the MTG-LI and GLM FOV
is presented in Figure 11. MTG-LI FDE is 67.4 % against GLM-16 during July 2024—March 2025 and 56.1 % against GLM-19
during April-December 2025. This results in a combined FDE of 61.8 % over the entire 18-month period. The decrease in
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FDEFE from east to west is in line with the result found against GLD360 (Figure 2): both assessments show a considerable drop
in F'DE starting from 50° W. Some differences are found over the Atlantic Ocean where MTG-LI FDE against GLM is overall
higher than the same quantity derived against GLD360. Finally, in both panels of Figure 11 one finds specific features with
lower-than-average FDE: i) one extended feature at the east edge of the FOV (i.e., 20° S—30° S) and ii) three N-S elongated

features (at around 10° N over the Atlantic Ocean).

5 Discussion

The results presented in section 4 provide the most complete description of MTG-LI key performance indicators so far. In this
context, GLD360 is regarded as the prime external reference system due to its geographical coverage and good overall detection
performances. However, long-range (or VLF) LLS like GLD360 have certain limitations, e.g., relatively low sensitivity to IC
lightning and larger location errors. Using a short-range (or LF) LLS like EUCLID in Europe and a geostationary optical
detector like GOES-GLM in the west of the MTG-LI FOV as additional references is therefore meant to complement and
refine the results in these areas. MTG-LI detection performances are very good with an average FDE = 87.4 % over the entire
MTG-LI FOV during the reference period (Figure 2). An additional important property of F'DE is its spatial uniformity over
most of the FOV. This is very relevant in the context of severe weather monitoring as ground-based LLSs and weather radars
often suffer from non-uniform performances and/or limited coverage, especially over the spatial scales of the MTG-LI FOV.
The achievement of both high and uniform F'DE is one of the main drivers for operating the MTG-LI System. This result is
confirmed by the complementary analysis against EUCLID, i.e., the best ground-based LLS in continental Europe (Figure 7).
However, comparison against EUCLID also reveals an area of somewhat lower FDE in central Europe where EUCLID is
known to perform best. This indicates that there is a population of flashes detected by EUCLID but missed by MTG-LI. These
are most likely small flashes deep in optically thick clouds with very weak cloud-top optical emissions. These findings indicate
that MTG-LI data must be regarded as game changing for monitoring severe weather in Africa where the strongest lightning
activity in the world is found (Albrecht et al., 2016). MTG-LI delivers outstanding detection performances throughout the
entire continent, and it is the only LLS delivering such performances in this region of the world. Lightning data could be used
as an alternative to radar measurements (Hilburn et al., 2021) as weather radars are scarcely present in Africa (with exception
made for Morocco and South Africa). Over continental Europe, where good ground-based LLS like EUCLID and Met Office
Leela (Marlton et al., 2024) are already present, MTG-LI can be seen as a valuable complementary data source with high
sensitivity to IC lightning. A merged dataset could be developed with very good CG lightning location accuracy from systems
like EUCLID combined to high IC lightning sensitivity from MTG-LI.

The decrease of FDFE near the edges of MTG-LI FOV over South America, Russia and Indian Ocean (Figure 2) is expected
as MTG-LI observes the edges of the visible disk in those regions. Its viewing angle is therefore becoming unfavorable (i.e.,
almost horizontal), strongly reducing the sensitivity of the instrument to photons emerging from cloud tops. The white areas
without F'DE information along the very edges of the MTG-LI FOV in South America, Russia and near India are the areas

where MTG-LI can still observe some cloud-side optical emissions, but the horizontal viewing angle does not allow for any
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meaningful parallax correction. The relationship between F'DE and distance from the sub-satellite point is further illustrated
in Figure 3 (both top and middle plots). It is especially important to note that MTG-LI, being the very first geostationary
lightning imager performing lightning detection at latitudes above 50° N delivers excellent performances with FDFE ~ 80%
even at 70° N in Scandinavia (top plot in Figure 3). It is currently unclear why FDE decreases notably faster in the E—
W direction (middle plot in Figure 3) than in N-S. One explanation could be the different illumination conditions found
over the equator with respect to Scandinavia. Clouds along the equator are expected to be, on average, brighter than those
over Scandinavia, significantly reducing MTG-LI capability to detect weaker optical emissions (see the following paragraph).
Tropical thunderstorms also grow larger and taller than high latitude storms and therefore less light can escape the clouds.
It is also worth noting that our findings on MTG-LI FDE in South America are in line with Bliznidk and Sokol (2026) who
validated MTG-LI against ENTLN during October 2024.

The relationship between MTG-LI FDE and illumination conditions is illustrated by the very clear diurnal cycle of FIDE,
when plotted as a function of local time (bottom plot of Figure 3 and Figure 8). This stems from the increase of the minimum
radiance threshold for lightning detection with increasing illumination as the local Sun Zenith Angle decreases. The variation
of illumination conditions in the MTG-LI spectral band is particularly strong over clouds: from complete darkness at night to
the brightest objects in the whole field of view around noon. The diurnal cycle of MTG-LI FDE is very similar to GLM-16
and GLM-18 (Virts et al., 2025). It should be also noted that the impact of the noon minimum on the overall MTG-LI FDE is
significantly reduced by the fact that most lightning happens during the late afternoon when the Sun Zenith Angle is already
larger and the F'DE is notably higher.

The MTG-LI FDE measured against GOES-GLM (Figure 11) is higher than the FDE measured against GLD360 (Figure 2)
over most of the Atlantic Ocean and in the east-most part of South America. This is expected and stems from the nature of the
measurements: among the reference systems employed in this study, GOES-GLM has the closest design to MTG-LI. However,
if the whole MTG-LI and GOES-GLM East overlap area is considered over the whole study period, one gets much lower
mean MTG-LI FDE value, i.e., 61.8 %. This is the combined effect of the significant decrease in FDF to the west of 50° W
(Figure 2) and the fact that the overall lightning activity in South America is much stronger than over the Atlantic Ocean
(middle plot in Figure 3). The mean value is therefore strongly biased towards low MTG-LI FDFE values in South America.
The two red spots of very low MTG-LI FDE close to the east edge of the GLM field of view (Figure 11) are known to be
due to false GLM flashes resulting from blooming when the Sun is close to the GLM FOV. Such artifacts are also reported
by Virts et al. (2025). The three N-S oriented elongated features over the equatorial Atlantic Ocean near South America are
also found in Rudlosky et al. (2019) and Bateman et al. (2021). However, their origin is currently unclear. An interesting
complementary observation of the LI-GLM comparison is that GLM-19 delivers considerably better performances than GLM-
16. Firstly, MTG-LI F'DE measured against GLM-16 is overall higher than against GLM-19. Secondly, one can easily reverse
the FDE computation and conclude that GLM-19 FDE against MTG-LI is 93.8 % while GLM-16 FDFE against MTG-LI is
85.8 %. This seems to stem from differences in the way these two systems are being operated/configured. The analysis also
indicated that the higher FDE of GLM-19 might come at the cost of slightly higher FFAR, compared to GLM-16.
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Finally, it is worth emphasizing that all the presented F'DFE values, as described in Equation 2, shall be interpreted as the
upper limit of the MTG-LI flash detection efficiency. This is because there is always a fraction of weak lightning flashes that
neither LI, nor the reference LLSs (i.e., GLD360, EUCLID, GOES-GLM) can detect. The most accurate F'DE values could be
derived against a Lightning Mapping Array (LMA) that rarely misses a flash. Such a system is being operated around Barcelona
(Spain) by the Polytechnic University of Catalonia (Van der Velde et al., 2011). The first MTG-LI performance assessments
against this LMA can be found in Montanya et al. (2026).

MTG-LI LA is assessed against GLD360 and EUCLID. The best LA in the middle of the MTG-LI FOV and sharp increase of
location offsets towards the edges (Figure 4) is very much in line with the GOES-GLM results by Virts and Koshak (2020). This
large-scale distribution of location offsets reflects the increasing viewing angle, and in case of MTG-LI, also increasing effective
pixel size towards the edges of the FOV. The impact of increasing viewing angles is mitigated by parallax correction. Accurate
parallax correction, however, requires precise optical emitter height. As pointed out by Virts and Koshak (2020), factors like
geographic location, season and meteorological regime all have impact on the optimal emitter height. The EUMETSAT tool for
parallax correction introduced in section 3 was defined in line with this criterion. However, it does not account for factors like
detection of cloud-side (rather than cloud-top) lightning and impact of more specific meteorological situations like unusually
high or low storm tops. These factors can lead to large parallax correction errors near the edges of the MTG-LI FOV and
therefore explain the overall worsening of the LA observed in these regions.

Some interesting local variations in MTG-LI LA appear along the edges of its FOV. Mikeli et al. (2025) communicate that
MTG-LI data are very much usable also at very high latitudes (i.e., 60° N-70° N) in Finland. They reached this conclusion by
comparing MTG-LI and the Nordic Lightning Information System (NORDLIS; Mikeld et al., 2016). This seems to indicate
that the EUMETSAT parallax correction is working also at very high latitudes. In contrast, in a private communication with
lightning experts studying storms over Iceland, it was reported that the parallax correction of MTG-LI data works poorly.
This is line with the results in Figure 4 where the MTG-LI LA over Iceland is worse than 30 km. The difference might
arise from the fact that thunderstorms are very rare over Iceland and therefore most of the ice clouds in the region are not
thunderstorms. This can, in principle, lead to considerable differences in the mean ice cloud top height (used as the emitter
height by the EUMETSAT parallax correction tool; see section 3) and actual thunderstorm top heights. Over Finland, in
contrast, thunderstorms are common during summer months and therefore the weight of real storm tops in the mean ice cloud
height climatology is higher. As a result, better overall emitter height estimations and more accurate parallax correction can be
expected. There is definitely room for improving parallax correction in the future by using in-situ cloud top heights in active
storm areas (as provided by the MTG Flexible Combined Imager; Holmlund et al., 2021) instead of mean ice-cloud top heights.
An additional step would be distinguishing cloud-side emissions from cloud-top emissions and applying a more appropriate
correction in those cases.

The observed diurnal cycle of MTG-LI LA (Figure 5 and Figure 10) stems directly from the navigation of MTG-LI data.
The image navigation of MTG-I measurements utilizes Kalman filter based on observables from MTG-LI background images
(i.e., landmarks) and auxiliary information like orbit and attitude measurements. Landmarks are predefined locations of a

background image with distinct coastal features. Due to the spectral band of MTG-LI, landmarks can only be detected in good
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illumination conditions, i.e., day-time and clear-sky conditions. As a result, the daily cycle of MTG-LI LA can be divided in
two phases: i) best location accuracy performances (minimum LA value) around those hours of the day in which landmarks
employed by the image navigation are illuminated and ii) progressive degradation (increase to a high value plateau of LA)
during those hours in which landmarks are either partially illuminated or completely in the dark. The latter phase terminates
abruptly every day with a sudden recovery when landmarks get illuminated again in the morning (around 05:00 UTC with
seasonal variations), and information is again available for navigating the data. To be noted, differently from the FDE that was
presented as a function of the Local Time (Figure 3), LA is presented as a function of the UTC time (Figure 5 and Figure 10) as
the image navigation of MTG-LI employs landmarks that are distributed at very different locations within the MTG-LI FOV.
This implies that local navigation performances are impacted by overall illumination conditions better described through the
UTC time. The diurnal cycle in the MTG-LI LA helps to explain the overall worsening of the LA over the seas and oceans,
including parts of the Atlantic and Indian Oceans and the Mediterranean, Black, and Red Seas (Figure 4). The lightning activity
over the seas and oceans tends to peak during night hours as opposed to the strong afternoon peak over land (Enno et al., 2026).
Therefore, the LA statistics over the seas and oceans are biased towards night-time MTG-LI LA values (Figure 5).

The regional variations in MTG-LI LA observed over land areas in the central part of the FOV are more difficult to explain.
MTG-LI LA relative to GLD360 varies considerably over continental Africa and the Arabic Peninsula (Figure 4). For example,
over both Morocco and Algeria, LA < 5 km, while over Sudan and Saudi Arabia one finds 10 km < LA < 15 km. This result
is partially in contrast with results in Europe where MTG-LI LA relative to EUCLID clearly improves from north to south,
getting close to 5 km around the Mediterranean (both Figure 9 and Figure 10). The latter result reflects the one-dimensional
pixel extent over Europe and the fact that the uncertainty of the method for deriving LA increases towards the edges of the FOV.
Given the considerably reduced impact of parallax correction and the finer spatial sampling of MTG-LI pixels, the location
accuracy over Africa should be even better than in southern Europe. Furthermore, the global nature of MTG-LI navigation
procedure discussed above should prevent regional variations in LA as observed over Africa (Figure 4). Therefore, it can be
suspected that these variations are caused by the limitations of the reference lightning location system (GLD360) and/or LA
computation method. The LA assessment relies on two main assumptions: i) the stroke locations of the reference network are
the “truth” and ii) the matched MTG-LI groups and GLD360 strokes relate to the same lightning event. On the first assumption,
it is widely known that all lightning location systems have their location errors. Short-range (or LF) LLSs like EUCLID deliver
good location accuracy below 500 m over continental Europe (Pohjola and Mikeld, 2013; Schulz et al., 2016). Long-range
(or VLF) LLSs like GLD360 tend to have larger location offsets. The location accuracy of GLD360 has been assessed against
the NLDN over continental United States (Said et al., 2013). NLDN delivers a location accuracy of hundreds of meters (Zhu
et al., 2020), while for GLD360 the median (90th percentile) location accuracy is 2.5 km (17.5 km). It has been reported that
GLD360 location accuracy was improved down to 1 km after the latest major central processor upgrade in 2020 over well-
covered areas such as the US (Said and Murphy, 2021). However, its location accuracy over the entire MTG-LI FOV is not
known to EUMETSAT. It is therefore possible that the worsening of MTG-LI LA over remote parts of Africa stems from the
larger location errors of GLD360 strokes in those regions. Interestingly, there are some areas of notable spatial gradients in

MTG-LI LA in Africa (Figure 4). Furthermore, such areas often overlap with significant gradients in lightning frequency (e.g.,
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around 15° N in western Africa, along the east of the Congo Basin; see also Enno et al., 2026). In other words, increasing
lightning activity seems to lead to larger MTG-LI location offsets. One possible explanation is that the correct group-to-stroke
matching assumption (ii) may not always apply in very intense African storms and this can introduce a bias towards higher
MTG-LI LA. MTG-LI is expected to detect much more IC lightning than GLD360, especially in remote areas. In regions in
which lightning activity is ubiquitous and virtually continuous, this imbalance could lead to "odd matches" within the 50 km
matching radius used for LA computation (Table 2), i.e., between measurements that happen to be very close in time by quite
far away in space, or at least further away than in regular matches. The population of such “odd matches” with artificially
large MTG-LI location offsets can contribute to the observed larger MTG-LI LA values in the most active lightning regions
in Africa. Possible future steps include refining the matching method and limiting the spatial matching radius to reduce the
probability of such “odd matches”. Ideally, a EUCLID-like short-range reference system or even a temporary deployment of a
LMA would be needed to refine MTG-LI LA values in central Africa.

Finally, it is worth stressing that throughout the period considered for this analysis, there has been a progressive improve-
ment in MTG-LI geometric performances. This has been achieved through the refinement of the configuration of the image
navigation processing (part of IDPF-I; see section 2). Based on this and the discussion above, one can expect MTG-LI location
accuracy to be overall slightly better than what is found in Figure 4 and Figure 5. Nevertheless, both results provide one with
a good first picture of MTG-LI LA performances over its entire FOV and over 24 hours.

MTG-LI TA < 10% pusec over the entire reference period exception made for a very limited number of episodes with very
limited temporal duration. Such episodes are related with outages of provision of auxiliary files employed in the conversion
from on-board time (OBT) to UTC time by the IDPF-I (section 2).

The percentage of false flashes in MTG-LI data appears to be much lower than in GOES-GLM, i.e., 0.16 % compared to few
percent found by Virts et al. (2025) and up to tens of percent found by Bateman et al. (2021). It is very important to stress that
this (apparently) big difference actually stems from the definition of the flash false alarm rate. For GOES-GLMs, the typical
definition which is adopted is a fraction (or percentage) of the local number of flashes, while for MTG-LI this is the fraction
of the total number of flashes. For example, MTG-LI measurements over part of the Atlantic Ocean (south of the equator)
are 100 % false (Figure 6). However, the impact of this region on the overall MTG-LI FFAR assessment is very small as the
computation of the F'FA R fraction is dominated by intense (true) lightning activity over Africa. The map of MTG-LI false flash
accumulation (Figure 6) reveals the spatial variations in the frequency of false flashes. Given the general stability of FFAR
over time, the result presented in Figure 6 can be interpreted as a good approximation of the MTG-LI FFAR rate in any place
within the field of view at any time. Significant local deviations from this mean pattern are met only on a limited number of
episodes with unusually FFAR > 0.5 flash s 1. These are often related to specific observational conditions, e.g., stray-light
due to the Sun being either directly imaged or being very close to the MTG-LI FOV, occurrences of spurious flashes due to
Sun glint, etc. It is also worth noting that the final configuration for the F'F'AR classification (Table 2) was reached after several
tuning attempts. In particular, the use of a much smaller spatial buffer (Apix in Table 2; initially set at two pixels) would result
in a large number of true flashes being misclassified as false flashes at several locations in the MTG-LI FOV. The buffer had to

be increased to ten pixels to counterbalance the impact of missing detections in GLD360 data. This was especially relevant in
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ensuring that small, isolated storms in Africa are not wrongly classified as MTG-LI false flashes. The few storm clusters still
visible over South America are misclassifications due to a few short episodes of particularly bad navigation performances of
MTG-LI at the end of 2024. The overall very low number of MTG-LI false flashes makes these mislocated storms outstanding
on the F'FAR map in Figure 6. The parallel northwest to southeast oriented straight features are due to heightened Read-Out
Noise (RON) over columns of pixels in two of the MTG-LI detectors, namely, MTG-LI Optical Cameras 3 and 4 (hereafter
OC3 and OC4). Such features are seen in all the four sectors (Figure 6) because the MTG satellite undertakes a yaw-flip every
six months (around equinoxes) and with each yaw-flip MTG-LI cameras alternate between opposite sectors. Hereafter, we
discuss OC3 as the reference case as this camera is known to have the highest RON among the four cameras. OC3 alternates
between the West Sector and the East Sector (blue and green polygons in both Figure 1 and Figure 6). OC3’s enhanced noise
level is particularly visible over the Atlantic Ocean around the equator. Differently from land, cloud-free water surfaces look
very dark throughout the day in the MTG-LI spectral band, and OC3 is impacted by a higher RON compared to the other OCs.
RON is the dominating noise component over dark scenes and for this reason one finds higher number of false flashes over
the equatorial Atlantic Ocean compared to Europe. For direct comparison between the OCs, one can refer to the South Sector
(imaged by OC1 and OC4, respectively). The number of false flashes over southern Atlantic Ocean is lower than over equatorial
Atlantic Ocean. This stems from the fact that both OC1 and OC4 have lower RON than OC3. To be noted, the Atlantic Ocean
is also the region where RON-related features mentioned above are very evident. These are also partially visible in the North
Sector (e.g., over Algeria) but are much clearer over dark scenes, i.e., cloud-free oceans.

A few longer more randomly positioned elongated features are due to large collections of false flashes triggered by space
debris transiting in the MTG-LI FOV. When transiting during day time, such objects create a temporary obscuration of the
scene (artificial darkening), due to their position between the Earth and MTG-LI, followed by a sudden transition to the
nominal scene (artificial brightening): this dark to bright transition, repeated over long trajectories, can generate large amounts
of false detections (FTs) that can pass the end-to-end filtering and be eventually disseminated to users as MTG-LI flashes. For
a high-level presentation of these events one can refer to https://www.eumetsat.int/lightning-data-detectives. Two additional
potential sources of false/spurious flashes have been identified so far: i) Sun-glint-triggered flashes and ii) memory-corruption-
triggered flashes. These are not discussed further as their effect is not yet seen in Figure 6 and therefore they should not be
regarded as very important sources of MTG-LI false flashes. Finally, increased number of false flashes is observed in the
four overlap regions between multiple OCs. The processing at Level 2 done by the L2PF (section 2) removes duplicate flashes
observed simultaneously by multiple OCs. The removal step assumes good space-time correlation between the flashes observed
by different OCs. This is commonly found in case of real lightning. False flashes, in contrast, are OC-specific, i.e., they are
found only in one OC and therefore not removed as duplicates. As a result, each OC brings its own noise component, and this

adds up to the increased false flash number/frequency in overlap regions between OCs.
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6 Conclusions

The MTG-LI System is the first European geostationary mission devoted to the diagnostic and characterization of lightning
activity over hemispheric scales. Its FOV encompasses Europe, Africa, and part of the Atlantic Ocean, South America, middle
East and Indian Ocean. EUMETSAT is the sole operator and responsible authority for the MTG-LI System. In this paper,
EUMETSAT experts present MTG-LI detection performances over a reference period of eighteen months (i.e., from July 2024
to December 2025) and measured against three different reference systems: Vaisala GLD360, EUCLID and two GLMs on
GOES-East. Of the three systems, GLD360 is considered the main reference, being the only one covering the entire MTG-LI
FOV. Both EUCLID and GOES-GLMs are employed as complementary references.

MTG-LI delivers an average absolute flash detection efficiency of 87.4 % with a daily variation between 70 % during day
and 95 % during night. Over Africa, this performance indicator is larger than 90 %, making MTG-LI the best system for
monitoring total lightning activity over this continent, i.e., the region of the world with the most intense lightning activity.
Over southern and central Europe, the absolute detection efficiency is above 80 % up to about 70° N. MTG-LI is the first
geostationary lightning imager observing at angles larger than 52° from nadir. The flash false alarm rate of MTG-LI is normally
below 0.5 flash s™1, and the fraction of false flashes measured over the reference period is 0.16 %. Lightning timing and
location accuracy derived from group-to-stroke matching are below 1 ms and between 7.5 km and 14 km, respectively. The
independent monitoring of MTG-LI geometric performances undertaken at EUMETSAT and based exclusively on MTG-LI
background images (see section 2) shows very good overall MTG-LI image navigation. The method relies on landmarks in
MTG-LI background images as ground truth. The Location of such landmarks are known much more accurately than locations
of most lightning strokes from ground-based LLSs. Results typically show a geometric error below half a pixel (i.e., ~ 2.25 km
around the MTG-LI sub-satellite point) in both E-W and N-S directions during day time. The notable difference between this
value and the MTG-LI LA measured against external LLSs can be attributed to several combined factors: the spatial disparity
between diffuse cloud-top signatures detected by MTG-LI and localized (point-like) ground-based measurements, parallax
correction errors, specific matching techniques and configurations, and the inherent limitations of the reference LLSs.

Finally, in alternative to the performance assessment documented in this paper (presented over the reference period July
2024-December 2025), EUMETSAT grant visibility to MTG-LI detection performances updated every 24 hours at the link
https://matrics.eumetsat.int/li_status. Note that the performance metrics available at this link are derived using the same

methodologies presented in this paper, but are displayed as time sequences with a 1-minute granularity.
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Table 1. Key instrument design features of MTG-LI compared to GOES-GLM, FY-4A-LMI and FY-4C-LMI.

Design feature MTG-LI GOES-GLM FY-4A-LMI FY-4C-LMI
Detector (pixels, type) | 1000 x 1170(x4), CMOS 1372 x 1300, CCD 400 x 600, CCD -
Spatial sampling 4.5km at Nadir (variable) 8 km (nearly constant) 7.8 km 7.8 km
Coverage +80° N-S, £75° E-W +50° both N-S and E-W  4.98° N-S, 7.41° E-W -
Spectral band (Mg, AN) 777.4nm, 1.9nm 777.4nm, 1 nm 777.4nm, 1 nm 777.4nm, 2 nm
Integration time 1 ms 2ms 2ms -
Down-link bandwidth 30 MBs™* 7MBs™! - -

MTG-LI is manufactured by Leonardo (Italy) under the industrial prime contractor Thales Alenia Space (France) as part of the Meteosat Third Generation space segment

development lead by ESA. MTG-LI is the first geostationary lightning imager ever manufactured in Europe.
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Figure 1. FOV of GLM on GOES-East (gray), EUCLID (red) and of the four Sectors covered by MTG-LI cameras (West in blue, North in

orange, East in green, and South in brown, respectively). GLD360 data cover the entire domain of this figure.
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Table 2. Configuration parameters used for the assessment of MTG-LI performances against external LLSs. For each LLSs, both sets of
parameters employed when MTG-LI is used as a test system and as a reference system are included, respectively. In addition, light-blue-
shaded cells mark those parameters used in the flash-to-flash matching, while white cells mark those used in the group-to-stroke matching.
Gray-shaded cells mark comparisons outside the scope of this publication. In the group-to-stroke matching, a one-to-one schema is employed,
while a one-to-many is employed for the flash-to-flash matching. Finally, in the FFA R column, the Apixz = 10 pixel used ona 0.1° x 0.1°

grid corresponds to 1° x 1°.

MTG-LI
LLS
test (matching) ref (matching) FFAR (gridding)
GLD360 At =[—200,200] ms, Ad =50km At = [-200,200] ms, Ad =50km At = [—10,10] min, Apiz = 10 pixel
At =[-10,5] ms, Ad = 50km - -
At =[—200,200] ms, Ad=50km At = [—200,200] ms, Ad = 50 km -
EUCLID
At = [-10,5] ms, Ad = 50 km - -
At =[—200,200] ms, Ad =50km At = [—200,200] ms, Ad = 50 km -
GOES-GLM
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Figure 2. MTG-LI absolute flash detection efficiency (FDE; see Equation 2) in the MTG-LI FOV derived against GLD360 over the period
July 2024-December 2025 and presented over a 1° x 1° grid.
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Figure 3. Properties of the MTG-LI absolute flash detection efficiency (F'DE; see Equation 2) derived against GLD360 over the period July
2024-December 2025. Top plot: FDE as a function of the latitudes spanned in the region [0° N-75° N; 25° W—40° E] (black line) and

total number of MTG-LI flashes as a function of latitudes spanned in the same region (gray line, referred to the right y-axis). Middle plot:

same as top plot as a function of longitudes spanned in the region [3° N-14° S; 75° W-0° E]. Bottom plot: average FDE as a function of
local time over the whole MTG-LI FOV (black line) and hourly totals of MTG-LI flashes as a function of local time over the whole MTG-LI

FOV (gray line, referred to the right y-axis).
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Figure 4. MTG-LI average absolute location accuracy (LA in kilometers; see section 3) in the MTG-LI FOV derived against GLD360 over
the period July 2024-December 2025 and presented over a 1° x 1° grid.
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Figure 5. MTG-LI average absolute location accuracy (LA in kilometers; see section 3) as a function of the UTC hour derived against

GLD360 over the period July 2024-December 2025.
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Figure 6. MTG-LI total flash accumulation (top plot) and MTG-LI false flash accumulation (bottom plot) in the MTG-LI FOV over the
period July 2024-December 2025. Both maps are presented over a 0.1° x 0.1° grid, i.e., the grid employed for the identification of false
flashes (section 3). In both plots, MTG-LI Sectors are presented in line with Figure 1.
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Figure 7. MTG-LI absolute flash detection efficiency (F'DFE; see Equation 2) derived against EUCLID over the period July 2024-December
2025 and presented over a 0.5° x 0.5° grid. The black contour marks the official EUCLID coverage (Figure 1).
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Figure 8. MTG-LI absolute flash detection efficiency (F'DE; see Equation 2) as a function of local time derived against EUCLID within the

EUCLID coverage (black contour in Figure 7) over the period July 2024-December 2025 and hourly totals of MTG-LI flashes as a function
of local time within the EUCLID FOV (gray line, referred to the right y-axis).
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Figure 9. MTG-LI average absolute location accuracy (LA in kilometers; see section 3) in the MTG-LI FOV derived against EUCLID
over the period July 2024-December 2025 and presented over a 0.5° x 0.5° grid. The black contour marks the official EUCLID coverage
(Figure 1).
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Figure 10. MTG-LI average absolute location accuracy (LA in kilometers; see section 3) as a function of the UTC hour derived against

EUCLID (within the EUCLID coverage; black contour in Figure 9) over the period July 2024-December 2025. Within the same plot, three

additional assessments are presented: over Finland, Germany and Spain, respectively. The reader can refer to the legend for the interpretation

of the plot.
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Figure 11. MTG-LI absolute flash detection efficiency (¥ DE; see Equation 2) derived over the period July 2024—March 2025 against GLM-

16 (left panel) and April 2025-December 2025 against GLM-19 (right panel), respectively. Results are presented over a 0.5° x 0.5° grid.
The black contour marks the overlap of the FOV of GLM on GOES-East and MTG-LI (Figure 1).
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Data availability. The underlying research data from the MTG-LI are openly available in the EUMETSAT data store at https://data.eumetsat.
int/search?query=. GOES-GLM data are available at https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:

C01527. Reference data, i.e., GLD360 and EUCLID are not publicly available.
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