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1. Ground Flash Density 
 

 
Ground lightning flash density (Ng) is the primary 
descriptor of lightning incidence. Multiple-station 
lightning locating systems (LLSs) are by far the best 
available tool for mapping Ng.  
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Ground Lightning Flash Density (Ng) – 15 years (1997-2011) of 
observations 
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A global map of total lightning flash density (per square kilometer per 
year) based on data from two satellite detectors, Optical Transient 
Detector (OTD, 5 years) and Lightning Imaging Sensor (LIS, 3 years). 
 
Grey areas: 0.01-0.1 km-2yr-1; white areas: <0.01 km-2yr-1. 

    Total Lightning Flash Density Map 
     (Ng/(Ng + Nc) = 1/3 to 1/4 is needed to obtain Ng) 
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2. General Characterization of Lightning 
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General Characterization of Lightning 
 
About 80% or more of negative cloud-to-ground lightning flashes 
are composed of two or more strokes. This percentage is 
appreciably higher than 55% previously estimated by Anderson 
and Eriksson (1980), based on a variety of less accurate records.  
 
Roughly one-third to one-half of lightning flashes create two or 
more terminations on ground separated by up to several 
kilometers.  
 
In order to account for multiple channel terminations on ground, a 
correction factor of  1.5-1.7 (considerably larger than 1.1 
previously estimated by Anderson and Eriksson (1980)) for the 
ground flash density is needed. Bouquegneau et al. (2012) 
suggested a conservative value of 2 for lightning risk calculations 
recommended by the IEC Standard.  
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Multiple Channel Terminations on Ground 
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Histogram of the distances between the multiple terminations of 22 individual ground flashes 
in Florida. The distances were determined using optical triangulation and thunder ranging. 
Adapted from Thottappillil et al. (1992). 

Multiple Channel Terminations on Ground 

Min = 0.3 km 
Max = 7.3 km 
GM = 1.7 km 
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3. Lightning Peak Current Distributions 
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Lightning Peak Current Distributions 
 
Direct current measurements by K. Berger and co-workers in 
Switzerland remain the primary reference for both lightning 
research and lightning protection studies. Berger’s peak current 
distributions are generally confirmed by recent direct current 
measurements, particularly by those with larger sample sizes 
obtained in Japan (N=120), Austria (N=615), and Florida (N=165). 
 
From direct current measurements, the median return-stroke 
peak current is about 30 kA for negative first strokes and 
typically 10-15 kA for subsequent strokes. Additional 
measurements are needed to determine more reliably the tails 
of the statistical distributions. EGM predicts a bias toward higher 
peak currents for taller objects, but, as of today, there is no 
experimental evidence that peak current distributions for 
downward lightning are materially affected by the presence of 
the tower. 12 



13 

Cumulative statistical distributions of lightning peak currents, giving percent of 
cases exceeding abscissa value, from direct measurements in Switzerland 
(Berger et al. 1975). The distributions are assumed to be lognormal and given for 
(1) negative first strokes (N=101), (2) positive first strokes (N=26), and (3) 
negative subsequent strokes (N=135).  

Lightning peak currents for 
first strokes vary by a 
factor of 50 or more, from 
about 5 to 250 kA. 
 
The probability of 
occurrence of a given 
value rapidly increases up 
to 25 kA or so and then 
slowly decreases. 
Statistical distributions of 
this type are often 
assumed to be lognormal. 

Lightning Peak Current – Berger’s Distributions 

Negative first strokes 

Negative 
subsequent strokes 

Positive first strokes 



Lightning Peak Current Distributions 
 

Direct lightning current measurements on instrumented 
towers should be continued. Currently, direct current 
measurements are performed on instrumented towers in 
- Austria (Gaisberg Tower, 100 m),  
- Brazil (Morro do Cachimbo Tower, 60 m),  
- Canada (CN Tower, 553 m),  
- Germany (Peissenberg Tower, 160 m),  
- Japan (Tokyo Skytree, 634 m), and 
- Switzerland (Santis Tower, 124 m),  

 
although the overwhelming majority of observed flashes 
(except for Brazil and possibly Japan (20 upward and 14 
downward in 2012-2014)) are of upward type. 
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Positive upward connecting 
leader (~400 m) 

Negative downward leader 

A downward negative flash terminating on the 440-m Guangzhou 
International Finance Center, China. Adapted from Lu et al. (2013). 15 



Peak Current Inferred from Measured Electromagnetic Field 
 
The field-to-current conversion procedure employed by the U.S. 
National Lightning Detection Network (NLDN) and other similar 
lightning locating systems has been calibrated, using rocket-triggered 
lightning data and tower-initiated lightning data, only for negative 
subsequent strokes, with the median absolute error being 10 to 20%.  
Peak current estimation errors for negative first strokes and for 
positive lightning are presently unknown.  
 
Besides systems of NLDN type, there are other lightning locating 
systems that are also reporting lightning peak currents inferred from 
measured fields, including LINET (mostly in Europe), USPLN (in the 
U.S., but similar systems operate in other countries), ENTLN (in the 
U.S. and other countries), WWLLN (global), and GLD360 (global). Peak 
current estimation errors for the latter three systems have been 
examined using triggered-lightning data.  
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NLDN reported peak currents vs. those directly measured at Camp Blanding, Florida, for 268 
negative strokes in lightning triggered in 2004-2013. The diagonal represents the ideal 
situation when the NLDN-reported and directly-measured peak currents are equal to each 
other. Adapted from Mallick et al. (2014). 17 
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4. Geographical and Seasonal Variations 
in Lightning Parameters 
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Geographical and Seasonal Variations in Lightning Parameters 
 
 
At the present time, the available information is not sufficient 
to confirm or refute a hypothesis on dependence of negative 
CG lightning parameters on geographical location or season.  
 
 
On the other hand, some local conditions may exist (for 
example, winter storms in Japan) that give rise to more 
frequent occurrence of unusual types of lightning, primarily of 
upward type, whose parameters may differ significantly from 
those of “ordinary” lightning. Further studies are necessary to 
clarify those conditions and their possible dependence on 
geographical location.  
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Location 
(Reference) 

Average Number 
of Strokes per 

Flash 

Percentage of 
Single-Stroke 

Flashes 
Sample Size 

New Mexico 
(Kitagawa et al., 1962) 6.4 13% 83 

Florida 
(Rakov and Uman, 1990) 4.6 17% 76 

Sweden 
(Cooray and Perez, 1994) 3.4 18% 137 

Sri Lanka 
(Cooray and Jayaratne, 

1994) 
4.5 21% 81 

Brazil 
(Ballarotti et al., 2012) 4.6 17% 883 

Arizona 
(Saraiva et al., 2010) 3.9 19% 209 

Malaysia 
(Baharudin et al., 2014) 4.0 16% 100 

Number of strokes per negative flash and percentage of single-stroke flashes.  
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Percentage of flashes that produce a given number of ground 
contacts in Arizona, USA, and São Paulo, Brazil. The average 
number of ground contacts in both locations is 1.7 (same as in 
Florida and New Mexico). Adapted from Saraiva et al. (2010). 
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 Visacro et al. Updated statistics of lightning currents measured at Morro 
do Cachimbo station, Atmospheric Research, 117 (2012) pp. 55–63 

  
 (1985-1998  &  2009-2010) 

First strokes 
Median: 45 kA 
(N = 38) 

Subs. strokes 
Median: 18 kA 
(N = 71) 
 
(16 kA => 18 kA) 
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Data Set Sample 
Size 

Duration, 
(ms) 

Charge 
Transfer, 

(C) 

Average 
Current, 

(A) 

Action Integral, 
(103, A2s) 

Rocket-triggered lightning, 
Florida (summer) 45 305 30.4 99.6 8.5 

Peissenberg Tower, 
Germany 21 290 38.5 133 3.5 

Fukui Chimney, Japan a) 

(winter) 
36 >82.5 

>38.3 

(>36.8) 
465 

40 

(34) 

Gaisberg Tower, Austria 
(2000) 74 231 29.1 126 1.5 

Gaisberg Tower, Austria 
(2000-2007) 

Diendorfer et al. (2011) 
457 

266 

(N=431) 
33 

113 

(N=431) 
7.0 

Overall characteristics (geometric mean values) of the initial stage of 
natural upward and rocket-triggered negative lightning. Adapted from Miki 
et al. (2005), Diendorfer et al. (2009), and Diendorfer et al. (2011).  

a) Values in the parentheses are calculated from the current data limited to 2 kA in order to make the 
Fukui data (upper current measurement limit of 13 kA) comparable to the other data sets (upper 
current measurement limit of 2-2.1 kA). For comparison, the 50% charge transfer for negative 
downward flashes is 7.5 C (Berger et al. 1975). 23 



References Location 
Peak 

Current 
(kA) 

Flash 
Duration 

(ms) 

Charge 
Transfer 

(C) 

Action 
Integral 

(×103 A2s) 

Berger (1978) Berger’s Tower, 
Switzerland 

1.5 
(132) 

72 
(138) 

26 
(137) - 

Miki et. al. (2010) 
Nikaho Kougen 

Wind Farm, Japan 
(winter) 

6.5 
(16) 

40 
(16) 

30.2 
(16) - 

Zhou et al. (2012) Gaisberg Tower, 
Austria 

5.2 
(26) 

82 
(26) 

58 
(26) 

160* 
(26) 

Romero et al. 
(2013b) 

Säntis Tower, 
Switzerland  

(mostly summer) 

11 
(30) 

80 
(30) 

169 
(30) 

395 
(30) 

Lightning current parameters (median values) of upward positive 
flashes. The sample size is given in the parentheses. Taken from 
CIGRE TB 549 (2013). 

*The value of action integral (0.16 x 103 A2s) given by Zhou et al. (2012) is a misprint.  
 
Median charge transfers for upward positive flashes are comparable (except for that for 
the Säntis Tower flashes) to their counterparts for the initial stage of upward negative 
flashes, while upward positive flashes have shorter durations. This implies a higher 
average current for upward positive flashes. Note also that median action integrals in the 
above Table are considerably larger than for the initial stage of upward negative flashes.  24 



Normal lightning 
(several coulombs) Winter-type lightning (tens of coulombs or more) 

Downward flashes 
(90% negative)  

Higher percentage 
of upward and 
bipolar flashes 

Higher percentage 
of upward, positive, 
and bipolar flashes 

Higher percentage 
of upward, positive, 
and bipolar flashes 

plus complex 
current waveforms 

Summer, small 
strike object, large 

air gap 

Summer, tall 
strike object, 

reduced air gap 

Winter, small 
strike object, 

reduced air gap 

Winter, tall strike 
object, small (or 

no) air gap 

Note: The air gap is formed between the cloud charge source (not cloud base) 
and the strike object tip.   [Artwork by Han Li] 



  Remaining questions 

1. How to calibrate LLS for first strokes in negative lightning and for positive 
lightning? Triggered lightning and tower-initiated lightning are generally not 
suitable for this. 
 

2. Why are very tall objects (e.g., Tokyo Skytree, 634 m, and buildings taller that 300 m 
in Guangzhou, China) often struck by downward lightning? Is the effective height a 
meaningless parameter? 
 

3. Do the return-stroke parameters depend on geographical location or all the 
observed differences are due to different instrumentation/methodology and limited 
sample size? 
 

4. Can the “winter-type lightning” (larger charge transfers to ground),  originally 
observed at the Japan Sea coast, occur in other locations or/and in summer 
storms? The answer appears to be “yes” (upward lightning). 
 

5. Is it possible that instrumented towers, commonly used for lightning studies, 
interact in a unique way with the local topography, meteorological characteristics, 
etc. to create conditions that are not representative of “normal” lightning in the 
area, even when only ordinary negative downward strokes are considered and 
tower reflections are not an issue? Could this mask the bias predicted by EGM? 
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Rocket-Triggered Lightning at Camp Blanding,  
Florida (2009). Photograph by Dustin Hill. 27 
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