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Background 

Increasing interest in lightning data; 
Relation lightning intensity <-> rainfall (Pineda et al, 2007 - Price and Federmesser, 

2006 – Soula and Chauzy, 2001) ;  
Correlation lightning density <-> ice water content (Peterson et al., 2005);  
Ice water content + updraft at bottom of Charging Zone <-> total 
lightning intensity ; 
 
Total lightning ->  

Microphysic e dynamic cloud characteristcs; 
Convection; 
Precipitation; 
Numerical Weather Predicition Model; 



Objectives 

Investigate on the performance of the european 
lightning network LINET. 
Development of a new methodology to define the 

lightning detection efficiency on mediterranean area 
and to improve the spatial density estimation. 

- Take advantage of complete information on lightning to 
estimate satellite precipitation and prediction of severe 
rainfall associated with the thunderstorms development. 

- Study of the convection initiation observing satellite data 
at high temporal resolution. 



In clear sky conditions the charge density of the Earth's surface is negative: 
s0=-1.1 x 10-9 C/m2  -> static vertical electric field with intensity 130 V/m near 
the Earth's surface and facing towards it (fair-weather electric field) 
Experimental measurements: decrease almost exponentially with altitude z -> 
Empirical Law E(z) = -(81.8 e-4.52z + 38.6e-0.375z + 10.27e-0.121z) 

  

Global circuit: the conduction current 

Experimental data: atmosphere total net 
positive charge. 
Concentrations positive/negative ion = 1.2 
Flow of charges -> elettric current: 
conduction current (leakage current) = 1500 
A (globally in clear sky conditions to the 
ground). 
Time in which the atmospheric charge 
neutralize the earth's surface is tC=385s ie 6.5 
minutes to reset the fair-weather electric 
field! 



Characteristics of thunderstorm clouds 
1. Separation of charges in a region of 2km radius between 0 and -40 ° C. 

Tripole structure in the cloud: the main negative region between -5 and -
25 ° C, the main positive region (of equal intensity, a few kilometers above 
the first) and less positive region between -10 and 0° C (in correspondence 
of the melting layer).  

2.  Break-down of electric field between 100 and 400 KV/m. 
3. Regions with strong electrical fields ≈ high radar reflectivity. 
4. Regions with strong electrical fields -> charge density between 1 and 

10C/km3. 
5. The particles most involved in the mechanisms of charge separation are 

solid (ice crystals or graupel). 
6. The particles in the upper positive region mainly consist of ice crystals 

positively charged, in the central negative region graupel negative, the 
lower positive region graupel or raindrops positively charged. 



Non-inductive mechanism that involves the interaction between a large graupel and 
small ice crystals in environment full of supercooled water. 

Graupel growing for accretion in an environment full 
of supercooled water and ice crystals, which interact 

through collisions with graupel.  
This environment is favorable to charge  

both colliding particles. 

Mechanism that more than any other leads to the formation of the 
observed electric fields and at the production of lightning. 

Crystal / graupel interaction  

As the fragment of ice increases its 
diameter is observed a charge transport 
gradually increasing. The sign of charge can 
be positive or negative depending on the 
temperature and the liquid water content. 



The discharge process 

It is generated from thunderstorm clouds whose internal electric fields 
are sufficiently intense: ≈ 105 V/m . 
 
Most of the lightning have origin in the region of the negative charge 
cloud and carrying negative charge. 
 
There are two different types of lightning:  
Cloud to Ground – CG: 
 20%/30% (of which 90% are negative); 
Intra Cloud – IC: 
  the more numerous, but also the less intense - 70/80%. 



Fulcronografo 

Sensors 

Spinterometro 

Klidonografo 

klidonogramma. 

Amperometer magnetic of ridge Oscilloscope 

Magnetic recorder 

Satellite observations: 
OLS from 1973, LMS, OTD 1995, LIS (Lightning 
Imaging Sensor, 1997), LI (MTG, 2017).  
 
Measurements at  short distance from lightning: 
balloons, measures in flight. 
 
Ground networks (LINET, GLN, ZEUS,…) 



LINET: LIghtning NETwork 

Available for scientific projects and for operational purposes.  
It comprises about 120 sensors in 18 european countries. 

LINET sensor map as of May, 2008 

In Germany the new lightning detection network was completed in 2006. 
A 65-sensor network was established in Europe. 



LINET sensor 

The Linet sensor:   
modules 1 and 2 are shown. 

A passive sensor for magnetic field components 
(two crossed loops, module 1): needs no power 
supply. The components Bx(t) and By(t) of the 
magnetic flux are measured independently. 

Signal timing is achieved by means of a separately 
mounted  commercial GPS clock with an accuracy 
of 100 ns (module 2). 

Signal amplification, filtering, AD-conversion and 
data processing are performed with a single plug-
in card (module 3) in a remotely positioned 
standard PC (module 4). 



Five specific features which render LINET different from other networks  
(Betz et al., 2008): 
a) total lightning capability: both cloud-to-ground strokes (CG) and cloud lightning (IC) 
are measured using only the VLF/LF frequencies;  
b) low-amplitude reporting: weak lightning events from discharge channel with 
currents well below 5 kA are detected within the central part of the network, whereby 
IC events dominate;  
c) new 3D-discrimination algorithm: a Time-Of-Arrival method (TOA) is utilized to 
separate CG from IC with good reliability, provided that the sensor baseline does not 
exceed ~250 km; 
d) IC emission height: for each cloud event a height is determined which is thought to 
reflect the central region of the involved channel;  
e) optimised location accuracy: the position accuracy of strokes reaches an average 
value as small as ~150 m. 

LINET characteristics 



Hymex case study: 15 October 2012 

GRAUPEL 

Convective event: squall line, severe 
precipitation 

Hydrometer classification (by fuzzy logic algorithm) 
using  polarimetric measurements 

Strokes occurred in the areas where the radar reflectivity 
has high values (>40 dBZ). 



Multisensor Atmospheric data Mapping System: a web-based tool 

Flood in Sardinia: 
Estimate precipitation (RU) + lightning + W10M+ MSLP 

November 18, 2013 15:00 UTC 



Performance calculation of LINET 

Dataset:  
•61 cases studies (more than 7.000.000 strokes); 
•From Oct-2010 to Nov-2012 (2 years); 
•European and Mediterranean area; 
•Date/time, Latitude, Longitude and Current values. 
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PDF of Mode C – Sampling at ½ KA 

Maximum at 5 KA => [ 5 , 5.5 [ KA 
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What is the current value to use as reference threshold? 

Maximum threshold current = 6 KA 
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Pixels where ModeC < 6 KA 



Hystograms of selected pixels Best Reference curves 
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Number of strokes detected very low 
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Selection of pixels with low D.E. 
Pixels where it is not possible to apply the methodology 

because they have discrete pdf 

Marginal areas 
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Pixels with DE to improve 

Selection of pixels with low D.E. 



0.62 

Nsup 

Nsup:0.38=Ncor:1 

Ncor=Nsup*[1/0.38] 

Ncor=Nsup*CF 

Correction Factor (CF) 

 The maximum  is 
equal to the main 

curve. 

Ninf 

Ncor=Ninf+Nsup 

38% 62% 

Computing the Correction Factor 

13 



Results 
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Results 
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The Mediterranean Sea is one of the major 
centers of electrical activity in the Northern 

Hemisphere (Christian et al., 1999). 



Results 
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Reference pixel 

Pixel not involved 
by the method. 
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In the area of Rome, the increase is of 200% that means 
on average for every strokes recorded by LINET there are two more strokes (weak) not detected. 

Results 
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In Italy, the North East area is well covered by LINET, as well as the Northern Adriatic Sea! 

Percentage  increase 



…but…. 
 

we had supposed a uniform spatial and temporal distribution !!! 
 

This is not true! 
 

There are some differences between sea and land stroke current distributions  
and  

between  seasonal (or even daily!) distributions. 

MAM JJA SON DJF 

0,5% 57,5% 38,5% 3,5% 

58% 42% 

SUMMER WINTER 

total  
7.723.467  

strokes 

Seasonal distribution 



1. Investigate on seasonal analysis and on land/sea strokes distributions. 
2. Comparison  between LINET and GLN (or other global networks or sensors) 

will be evaluated to apply the methodology up to global scale. 
3. Understanding the relationship between lightning activity in clouds and the 

microphysical and morphological characteristics of convective systems and 
the associated pre-convective environment: use of LINET data to analyze the 
electrical activity and to find correlations with the cloud properties from the 
MSG SEVIRI  (IR and VIS reflectance and texture data to reveal cumulus cloud-
focused interest fields that can be used in various ways to obtain important 
information on convection initiation: updraft strength (overshooting tops), 
glaciation, cloud depth, cloud type, and vigor, which can be related to 
lightning occurrence). 

4. Development of nowcasting techniques of severe convection based on the 
use of lightning data: the lightning data together to IR observations from GEO 
satellite can be used to propagate forward in time the rain fields estimated 
from the last available MW observations from space. 

Developments 


