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What are we Trying to Investigate?

Is there any correlation between interflash intervals and TGF production?

- Do TGFs tend to occur after longer/shorter interflash intervals in
thunderstorms? Is there any correlation at all?

- Constant charging rates — longer interflash intervals would mean a higher electric field
- Need to compare flash rates within individual storms
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Data and Methods

e Fermildentified TGFs

o Latitude, Longitude, Time

e Lightning sferic data from both WWLLN and ENTLN (£10 Minutes of TGF)
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Finding the Associated Thunderstorms

To do this we used spatial clustering:

Image Credit: https://www.geeksforgeeks.org/clustering-in-machine-learning/
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HDBSCAN Algorithm

Hierarchical Density Based Spatial Clustering of Applications with Noise!'!

e No need to specify the number of clusters
e No need to specify a length scale

[1] McInnes, L., Healy, J., & Astels, S. (2017). hdbscan: Hierarchical density based clustering. Journal of Open Source Software, 2(11), 205. 5
https://doi.org/10.21105%2Fjoss.00205
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Applying
Clustering to
Lightning
Sferics
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Selection Criteria

Useable clusters must:

e Be isolated --> manually inspected
e (Contain at least 15 distinct flashes

e Have a total extent of less than 60 km
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How do the pre-TGF and post-TGF intervals compare to “typical” intervals in TGF-producing storms?

TGF120715607
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Post-TGF
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Pre and Post-TGF Intervals
Merged Data
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Mean of Ratios = 1.24 Mean of Ratios = 0.92
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Significance Testing
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Significance Testing

Pre and Post-TGF Intervals
Random TGFs Keep track of these

values and repeat
Mean of Ratios process many times
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Mean of Ratios
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Significance Testing

5000000 Trials

= Pre TGF
200000 - == Post TGF

N

Il
NN

150000 -

Percent above 1.24: 4x10'5°o,

100000 -

v
2
©
>
L
L
=
sn
L)
L.
=
Y
o}
3#*

Y N S ———| - D ——

B

1.00
Ratio to Mean

[




Conclusion

These results
and may help to explain why some lightning strikes produce
TGFs while others do not.
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Questions?
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Clustering Examples
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Image credit: https://hdbscan.readthedocs.io/en/latest/comparing_clustering_algorithms.html sovancinG
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Clusters found by KMeans

Clustering took 0.08 s

Image credit: https://hdbscan.readthedocs.io/en/latest/comparing_clustering_algorithms.html




Clusters found by DBSCAN

Clustering took 0.02 s

Image credit: https://hdbscan.readthedocs.io/en/latest/comparing_clustering_algorithms.html




Clusters found by HDBSCAN

Clustering took 0.06 s

Image credit: https://hdbscan.readthedocs.io/en/latest/comparing_clustering_algorithms.html




KDE Flash Grouping
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KDE Explanation

Kernel Density Estimate as Weighted Sum of Component Densities

Components

Image credit: https://blogs.sas.com/content/iml/2016/07/27 lvisualize-kernel-density-estimate.html

[1] Dwyer, J. R., & Uman, M. A. (2014). The physics of lightning. Physics Reports, 534 , 147-241. doi:10.1016/j.physrep.2013.09.004

User specified bandwidth (standard
deviation of gaussian)
o  We used a bandwidth of 0.25s

This bandwidth allows for
flash-groupings with durations usually
less than 1 second which is typical for
lightning flashes [
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Density (arb. units)
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Global Distribution of 219 TGFs Examined

Longitude




