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Talk Structure 

• Motivation 
• Land vs. Ocean lightning 

• Stanford VLF-LF AWESOME receivers 
• Ship-Borne experiment - Ron Brown  
• Results & Lightning statistics 

• Lightning Imaging Sensor (LIS) 
• NLDN flash clustering 
• Ron Brown waveforms 

 



Oceanic Lightning is More Intense 

Said et al. 2013 
• More intense 

lightning over 
the ocean 

• Sharp transition 
on boundaries 

• Not a network 
artifact 

• More >75kA 
over ocean 

• 150kA turnover 
pt. 



Possible Explanations 

• More Intense VLF EMP, could be due to 
• Faster return stroke speed 
• Faster return stroke rise time 
• Higher peak current 

 

• And resulting from 
• Different attachment process 
• Higher conductivity of salt water 
• Meteorological differences 
• Flat terrain 
• Propagation path 
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“AWESOME” VLF Receiver Design 

VLF Version 
• 100 kHz sampling 
• 0.3 – 47 kHz band 
• Two orthogonal wire loop 

channels 
• 96 dB dynamic range 
• Sensitivity in the fT/rt-Hz 

range 
 

New LF Version 
• 1 MHz sampling 
• 0.3 – 450 kHz band 
• Developed to study 

oceanic lightning 
• Better extract the shape 

of lightning waveforms 
 

Cohen et al. 2010 
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New LF (1 MHz) – 2,500 km Lightning 



Ship-Borne Oceanic Lightning Study 

• NOAA Ron Brown - 7 month voyage 
• Stanford LF & VLF on board – proximity to lightning 



Stanford land and oceanic arrays 

• Oklahoma array (6 LF receivers) 
• Hawaii (2 LF) and Puerto Rico (1 LF) arrays 



Evolution of the neg-CG Flash, NLDN 

200 km/sec 

Same Channel 

New Channel 

• NLDN Clustering algorithm 



Lightning Imaging Sensor (LIS) 

• Oceanic and Land Radiance 

http://thunder.msfc.nasa.gov  

http://thunder.msfc.nasa.gov/


LIS and NLDN 

 
 
 
 
 
 
 
 

• No correlation between LIS Radiance & NLDN peak 
Current 



Ron Brown Results 

 



LF Canonical Waveforms 

• 600-700 km - neg-CG strokes 

 
 
 
 
 
 
 
 

• 600-700km – 408 neg-CG strokes 



Zoomed In Look at VLF vs. LF 
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Extra Slide 1: Cartoon - Evolution of 
neg-CG Flash 

Initial stroke  

Ground 

Subsequent stroke in new channel  

~200 km/s – speed of stepped leader  

2-6 km  

 
 
 
 
 
 
 



Extra Slide 2: LMA-NLDN Distance-
Time 

Slows down with propagation  
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