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Whistler data: AWDANET
has been providing real-
time data since 2014. In
addition, for this study, we
reprocessed archive raw
data going back to 2007.

I e Sopron
% . Gyerg'yo?}

'/ /4
Ty

Sutherland\® = M‘;
Grahamstown 4
| : _ . Rzl
= Fig. 4. Global map of . S Marion Island 4 LS 8
AWDANET whistler detector [ otnera g T | sk
. i . alle
stations, as of 2018. TS sl . ) Princess Elisabeth © .
-180 -150 -120 -20 -60 -30 0 30 60 20 120 150 180
nghtn I ng d ata : the WO rld WI d e Table 1. Whistler recordings processed in this study, in regional grouping
nghtn I n g Locatl O n netWO rk Station Geodetic L-value® Years Total number Max. transmission
. . coordinates processed of whistlers ratio [%)]
(WWLLN) haS been I n Operahon Dunedin 45.7°8, 1T0.5°E - 2.78 2007-2017 3,660,000 75

detector network and spheric = fope SIS 2w 2 3 Sl el z
analysis  software. We accpesse 4 SME_ ATIA dm  mema i 2 \‘\\QQ&\\\W““'ii”iiillﬁ%/

e

Since 2004 relying on |t$ own VLF Karymshina 53.0°N, 158.7'E  2.18 2012-2016 3,110,000 25 \\““““‘I.w,
’ Palmer 64.8°S, 64.0°W  2.52 2009-2010 17,600,000 50 N e __\ “E‘E"ﬁ‘?l

Sutherland 32.4°S, 20.6°E L.78 2007-2011 30,000 0.5
o Grahamstown 33.3°S, 26.5°E 1.82 2015-2018 124,000 0.5
|OCa I |Zed StI‘O ke data Set th rough Marion Island ~— 46.9°S, 37.9°E  2.68 2009-2016 3,540,000 12 @ Dunedin, NZ @ Karymshina, RU @ Rothera, Antarctica @ Marion Island, RSA @ Tihany, HU
. .« . Tihany 46.9°N, 16.9°E  1.83 2007-2017 820,000 4
collaboration. Or ana |y5IS involved Gyergyérijfalu 467N, 255°E 184 2007-2016 120,000 2 -: -: -: . | -:
Nagycenk/Muck 47.6°N, 17.7°E 1.51 2007-2018 285,000 3 R . e 10 . 6 104 1 s L . A 104 1 0.01 104 100%
= H 1 M Humain 50.2°N, 5.2°E 2.09 2011-2018 128,000 4 : . . . : : X 0
2 billion lightning strokes and ~70 ..  25X55% 2% oosos oo 1
orpe 5 Tviirminne 59.8°N, 23.0°E  3.32 2013-2018 346,000 > 15 Fi 9 DiStribUﬁon Of tra nsmiSSion rateS on a IObaI ma
million whistler events (see table). At 100 ko altionde andl ot the epoch of 2015 weing the IGRF12 gromagnetic model (Thébault ot ol 2079) &7 & P,

for five stations in five different geographical regions.




) ) [ ) ) o 80 T T T T T
3. Methodology - Distribution of Source Lightning Conclusion | + _
19000 =171 Step 1: Identifying time windows for selection of lightning strokes Remarkably, while our algorithm is blind to the location | I
16000 H - At histogram (regional) . . . . .
= = TM window — 50 | + ]
14000 H - CM window ol <« Fig. 5. Histogram of time differences between whistlers and lightning strokes, of the detector station (it is not part of the input, It
WALE "““"“’5“”’1’*’; ; ot : 1 using WWLLN data, global (red) and regional to the conjugate region (green). output, the source strokes shows up around then;g 40T —
1:222 T At= t_whistler — t_lightning, and N is the number of lightning-whistler pairs. conjugate point (see Fig. 6c), as expected from theory. = 30t Kar X -
=S - | : . . . . . . . + Rot
o Al The peak is c_Iue to the tendency of whistlers to occur after causal Ilg.htnlng, the Our work supersedes earlier contradicting results 20| % oz .
AN JilF background is caused by chance matches between unrelated whistlers and i X
4900 3 | ]| S lightning. Black dashed lines show a time window for the selection of source (Collier ?OlO). . 10 | Hum a i
T [T strokes (TM, total matches). Blue dotted lines show a window of identical * All whistler source regions are centred around the oL F* o 4
3 2 1 o0 1 2 3 length (CM, chance matches) but with whistlers preceding lightning strokes to geomagnetic conjugate point of the relevant whistler 15 2 25 3 35 4 45 5
- exclude causality. ) e e ‘ detector location, and may extend to 2-3 thousand km Fvale
Step 2. Determlnlng geographlcal ﬁi mwﬁiﬁ“—"“ L :r ARES ’ . .. ’ Y cy . . ) Fig. 10. Maximal transmission rate at each station
distributi ¢ lioht 60" | A?yf Wa_ 14 Transmission rates decrease with increasing distance s the L-value of the station. A trend is apparent,

istribution of source lightning _ x} trom the cont : L . N . o

= T jugate point with the exception of three points (Karymshina,
- Fig. 6(a-c). “Demonstration of the steps of our  * [/ 1\ % : * At the moment, transmission rates between stations c[)’l‘jtrl‘lee‘:'sn( djzdtoPZL(Treerri;eI;\/NthcC)g i naﬁ"gﬂiﬁ{jﬁ
Imehthod. (@) Jotal mar;tches: tdistribution Ofd all o . . s 08 1 are not directly comparable (see Fig. 10.) Observed transmission rates are sensitive to local
ightning strokes in the positive time window (R - g g S ) :
(lightning preceding whistlers, see Figure 1) Pixel O B 0.6 OUtIOOk electromagnetic noise (and whistler amplitudes).

. . ] -30° L . . . . . .
fr'éfcﬁei °S’:r02k;é C?[ljo)r riﬁprtehsee”;'vtehne ”p‘;;tl’er (tc)); N 0.4 * Having identified the source regions, follow-up study will focus on the temporal changes in the
Chance matches: distribution of lightning activity ot _;ﬁhym S 0.2 lightning-to-whistler transmission rate, such as: effects of time of day, year, solar cycle,
in the negative time window (lightning following Bl D S RIS 0 geomagnetic conditions etc.

- . - . L] 60" 120° 180° . a o o .
whistlers, excluding causality, representing purely b) Dunedin - Chance Matches * In the transmission rate, separation of other effects (lightning and storm parameters, and wave-

chance matches between the two). (c) Excess
matches: difference between total matches and o |
chance matches.

Transmission rates

particle interactions in the radiation belts)
* Finding event pairs of between ground stations and LEO satellites
* — calibration, localization

w104 N

Step 3. Normalizing the distribution R 4
maps with lightning activity o _—

References
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of excess strokes divided by the climatology
shown in Figure 3 or the total number of WWLLN
lightning strokes over the same time period.
Transmission rate (R) is shown only in the area of
significant source lightning. All maps are
smoothed using a 3 x 3 pixel Gaussian kernel.
The red cross marks the location of the whistler
recording station; the black cross marks its
geomagnetic conjugate point using the IGRF-12
geomagnetic field model.
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