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Météorage, the French National Lightning Locating System (LLS) operator, has developed the 

“Severe Thunderstorm Observation and Reporting Method” (STORM) aiming at detecting active 

thunderstorms and preventing severe weather based on VLF/LF total lightning data made of Cloud-

To-Ground (CG) flashes and Cloud-To-Cloud discharges (CC). 

 

In this study, the capability of STORM to first, identify and track lightning cells and second, to 

predict severe weather is estimated based on hail ground truth data collected in 2014 across France 

by the ANELFA [Dessens et al 2006].  

 

The STORM algorithm 

 

The STORM algorithm relies on two main functions which are the identification of the lightning 

core cells and the monitoring of lightning jumps in near real time. 

 

A. Lightning cells identification  
 

Lightning cells identification based on lightning data consists of grouping lightning flashes detected 

by the LLS in an area representing the electrical active core of a thunderstorm. Because, most of 

lightning flashes occur close to the updraft region in the 

thunderstorm it is possible to group them in consistent 

groups representing the convective core. This can be 

achieved thanks to data clustering methods.  

 

Out of all the existing clustering methods (DENCLUE, 

CLIQUE, MAFIA, BIRCH, CURE, GBC, Chamelon…) 

Météorage has chosen the Density-Based Spatial 

Clustering of Applications with Noise (DBSCAN) 

algorithm (see figure 1) because it is simple to use and is 

also robust to outliers. It relies on the “Nearby Neighbors 

Search” technique to group points together according to 

their separation distance and a given local density of points 

[Ester et al. 1996].  

 
Fig 1. Example of seven clusters determined with 

the DBSCAN algorithm (in grey are outliers). 

 

https://en.wikipedia.org/wiki/Fixed-radius_near_neighbors
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A DBSCAN analysis is periodically run on the most recent minutes (5 minutes in this study, but 

might be more frequent) of lightning data to identify active cores. Results from the current run are 

then correlated to those obtained from prior runs to either create a new lightning cell or update the 

status of already existing ones. Then, every individual living cell is tracked and its characteristics 

(eg. position of the barycentre, direction of propagation, speed, area and number of flashes per 

minute) are monitored and stored in a dedicated database all long the lifecycle of the cell.  

 

B. Cells severity assessment 
 

The potential severity of every living lightning cell is monitored during every run based on the 

evolution of their individual lightning rate (see figure 2). The goal is to detect the onset of the 

lightning jump as soon as it occurs to issue warning messages with the bigger lead time possible. 

Here again, several algorithms have been developed by different researchers to monitor lightning 

rate trends and detect the onset of the lightning jump exclusively, according to our knowledge, based 

on VFH lightning data [Goodman 2005; Gatlin 2006]. Out of these algorithms, the “2σ 

configuration” has been statically validated on various thunderstorm types and is likely to be the 

most effective to use for operational early warning usage [Schultz et al. 2009].  

 

Figure 2- Lightning rate as the number of flashes (IC + CG) per minute. The black curve shows the total lightning dataset, the green 

only the CG flashes. The red and blue lines indicate the beginning and the end of a severe event alert. 
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Data used for the validation of STORM 

 

A. The lightning dataset 
 

The French National LLS is made of 20 LS7002 sensors by Vaisala dispatched across France to 

which are added about 60 foreign sensors belonging to neighbouring national LLS partners. Such a 

system detects the electromagnetic signals generated by the large and intense vertical current 

discharges occurring either in the cloud or between the cloud and the ground. When several sensors 

measure the same event, the central computer can locate it using direction finding or difference of 

time of arrival techniques.  

 

A recent quality control based on high speed video camera records collected during 2015 has shown 

Météorage’s LLS detection efficiency (DE) is 97% for flashes and 94% for strokes. These results are 

in perfect agreement with those obtained in South-East France and more generally in Europe after 

similar studies based on the EUropean Cooperation LIghtning Detection (EUCLID) network which 

uses Météorage’s data [Schulz et al, 2014; 2015]. The location accuracy is estimated around 110m 

based on video analysis of flashes exhibiting multi-strokes ground strike points. The Cloud-to-Cloud 

detection efficiency (DECC) is estimated to be in a range of 30 to 50% [Pédeboy et al, 2014] 

depending on the type of thunderstorm (Isolated storm, multi-cellular or supercell).  

   

B. Hail ground truth dataset  

 

The ANELFA is a French association dedicated to the hail risk prevention. It has deployed several 

tens of passive hail pads that are disseminated across fifteen departments in France (see figure 3) to 

track and report hailfalls. Begin date and time of hailfalls 

are manually determined by local volunteer from the 

association who send knocked hail pads to the ANELFA 

scientific research centre who determines from the marks 

on the sensitive plate the number, the maximum diameter, 

the cumulative mass and the kinematic energy of hailstones 

[Farnell et al, 2009].  

 

The total initial hail dataset consists of a total of 248 

reports registered during 2014. However, as the goal of this 

study is to validate the lightning cell identification, tracking 

and prediction of severity, only the hail reports that are 

positively correlated with lightning data are selected. This 

allows also to filter out inaccurate hail observations.     

 

Results and comments 

 

A total of 82 different lightning cells were correlated with 145-validated hail reports out of which 

19 (22%) exhibit more than one single hail observation. Interesting to note the time correlation 

between cells and hail reports fit very well as 86% of the observation dataset is correlated within 

Fig 3. Distribution of hail reports in 2014 
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-/+5 minutes and nearly 70% hail and cell 

dating match perfectly with no time 

difference. In addition, the median separation 

distance between cells barycentre and hail 

pad locations is about 10 km that is in the 

order of magnitude of a typical storm cell.  

  

As an example, figure 3 shows an example of 

two lightning cells identified by STORM on 

the 9th of June 2014 at night in the South-

West France. Both cells are moving in 

parallel at a similar speed and at distance of 

40 km. The total path length corresponding to 

3 hours of observation is about 300 km. 

observed during One can see the very nice 

match between cell data and hailfalls 

recorded by the ANELFA. Interesting to note 

that STORM can detect the moment when the 

northern cell splits from its mother cell 

between Niort and Poitiers and track different 

individual cells from that time.  
 

Out of the 82 hail correlated cells, 19 exhibit no lightning jump so it is impossible to determine the 

efficiency of the cell severity prediction with these cases. This is consistent with observations that 

reported some thunderstorms exhibited no lightning jump despite severe events produced [Schultz et 

al. 2009].  

 

Finally, this is an overall dataset of 63 severe cells associated with 120 hail reports that is available 

to assess performance of the severe weather prediction algorithm. Assuming, that all 145 hail reports 

are related to a severe cell that should have produced a lightning jump, STORM reaches a 

Probability of Detection (POD) is 82%. Interesting to note, the same parameter increases to 89% and 

100% for cells exhibiting hailstones 

respectively larger than 20 mm and 25 mm in 

diameter. Note this computation is done on a 

reduced dataset that do not consider cases 

where STORM failed to identify a lightning 

cell with hail reports. If these cases are 

considered, and again the assumption that all 

248 hail reports should have led to the 

identification of a cell, then the POD drops 

down to 48%, then 60% and 80% respectively 

for cells producing hailstones larger than 20 

mm and 25mm.  

 

The warning lead time is defined as the period between the time an alarm is triggered by the 

lightning jump algorithm and the time of hail observation. Figure 4 shows a quite large distribution 

of warning lead times ranging from 0 to 60 min. This results from the wide varieties of thunderstorm 

Fig 5. Distribution of the notice period 
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types being considered in this study occurring in different seasons and terrain conditions.  

Nevertheless, the mean lead time computed is about 15 min increasing to 18 min when only cells 

producing hailstones of a diameter greater or equal to 25 mm are considered.  

 

Assuming a 10-min delay is enough to deliver an efficient severe weather warning for most of 

operational applications, then STORM is successful to release relevant warning messages in 63% of 

all cases. 

Discussion 

 

This study has demonstrated the capability of STORM to reproduce realistic active core cells as they 

produce in nature and predict the production of severe weather, in this case hailfalls. Surprisingly, 

the results in terms of POD and warning lead time are consistent with those that can be found in 

literature [Schultz et al, 2014] and that are based on a high-resolution Lightning Mapping Array 

lightning data. Indeed, these authors who have extensively studied several lightning jump algorithms 

claim the POD for a “2σ configuration” is 89% and the mean lead time is 20 minutes to be 

respectively compared to our 80% and 15 minutes. Thus, the first result obtained in this study 

demonstrate the relevancy of using VLF/LF lightning in lightning cell identification and lightning 

jump detection.  

 

The capability of STORM to detect severe weather is not only depending on the lightning jump 

algorithm settings but relies also on the lightning cell identification. Of course, thunderstorms 

producing few lightning are not likely to be detected that is somehow not a limitation of STORM but 

clearly a physical characteristic of thunderstorms. However, putting apart these special cases, the 

tuning of the clustering algorithm is crucial, and a special attention shall be applied to the settings in 

order it do not to split or merge a real storm preventing either the detection of a lightning jump or 

issue false alarms. It must be noted, the False Alarm Rate (FAR) parameter has not been assessed in 

this study but it remains an objective in a future work. 

 

The good performances of STORM are interesting since this opens doors for new applications 

needing to monitor in real time the lightning activity over large areas. Out of them, applications 

related to air traffic control, ground operation and on-board information for pilots. The usage of 

reconstructed lightning cell data based on individual lightning flash location provides a synthetic 

way to represent thunderstorms, giving a clear view to end users even during complex episodes. As a 

result, the decision-making process can be very fast and efficient because pilots or air traffic 

controllers relies on a simple representation of the contours of active cells associated with the past 

and the future trajectories. They immediately know where the convective systems are and they can 

check in advance their route is not in conflict with the progression of a thunderstorm, and eventually 

modify their short-term flight plan. On another hand, the information regarding the potential severity 

of a cell can be interesting for take-off, landing and ground operations since lightning jump signature 

are not only related to hailfall but to all dangerous event like strong winds and heavy precipitations 

that may disturb the approach phase of an aircraft.    
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