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Figure S1. The time shift of MMIA with respect to the ground-based VLF/LF radio signals for 21
corona discharges (10 single-pulse BLUEs (black dots) and 11 multiple-pulse BLUESs (red dots)). The

mean value of the MMIA time shift is about 15 ms with the standard deviation +0.6 ms.
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Figure S2. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm and
red: 777.4 nm) (a) and its corresponding NBE pulse (b) detected from the ground-based VLF/LF sensor
nearby Malaysia for the single-pulse BLUE with ID 27206. The corresponding 337-nm filtered image
of MMIA is shown in (c). The pink horizontal dashed line is the mean of the background noises with

the pink shaded band ¢ + 30~. The oscillations are marked as OSC in the figure.
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Figure S3. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4nm and green: modeling result of the first-hitting-time model) (a) and its corresponding
NBE pulse (b) detected from the ground-based VLF/LF sensor nearby Malaysia for the single-pulse
BLUE with ID 27210. There is no corresponding 337-nm filtered image detected by MMIA. The pink

horizontal dashed line is the mean of the background noises with the pink shaded band i + 30
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Figure S4. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4 nm and green: modeling result of the first-hitting-time model) (a) and its corresponding NBE
pulse (b) and the subsequent pulses trains (c) detected from the ground-based VLF/LF sensor nearby
Malaysia for the multiple-pulse BLUE with ID 27211. The corresponding 337-nm filtered image of

MMIA is shown in (d). The pink horizontal dashed line is the mean of the background noises with the

pink shaded band u + 30
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Figure S5. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4 nm and green: modeling result of the first-hitting-time model) (a) and its corresponding NBE
pulse (b) and the subsequent pulses trains (c) detected from the ground-based VLF/LF sensor nearby
Malaysia for the multiple-pulse BLUE with ID 27213. The corresponding 337-nm filtered image of
MMIA is shown in (d). The pink horizontal dashed line is the mean of the background noises with the

pink shaded band y + 30.
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Figure S6. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4nm and green: modeling result of the first-hitting-time model) (a) and its corresponding
NBE pulse (b) detected from the ground-based VLF/LF sensor nearby Malaysia for the single-pulse
BLUE with ID 27214. The corresponding 337-nm filtered image of MMIA is shown in (c). The pink
horizontal dashed line is the mean of the background noises with the pink shaded band i + 30-. The

oscillations are marked as OSC in the figure.
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Figure S7. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4nm and green: modeling result of the first-hitting-time model) (a) and its corresponding
NBE pulse (b) detected from the ground-based VLF/LF sensor nearby Malaysia for the single-pulse
BLUE with ID 27215. The corresponding 337-nm filtered image of MMIA is shown in (c). The pink
horizontal dashed line is the mean of the background noises with the pink shaded band u + 30-. The

oscillations are marked as OSC in the figure.
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Figure S8. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,

red: 777.4 nm and green: modeling result of the first-hitting-time model) (a) and its corresponding NBE
pulse (b) and the subsequent pulses trains (c) detected from the ground-based VLF/LF sensor nearby
Malaysia for the multiple-pulse BLUE with ID 27218. There is no corresponding 337-nm filtered image
detected by MMIA. The pink horizontal dashed line is the mean of the background noises with the pink

shaded band u + 30
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Figure S9. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4 nm and green: modeling result of the first-hitting-time model) (a) and its corresponding NBE
pulse (b) and the subsequent pulses trains (c) detected from the ground-based VLF/LF sensor nearby
Malaysia for the multiple-pulse BLUE with ID 27222. The corresponding 337-nm filtered image of
MMIA is shown in (d). The pink horizontal dashed line is the mean of the background noises with the

pink shaded band i + 30. The oscillations are marked as OSC in the figure.
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Figure S10. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm
and red: 777.4 nm) (a) and its corresponding NBE pulse (b) and the subsequent pulses trains (c) detected
from the ground-based VLF/LF sensor nearby Malaysia for the multiple-pulse BLUE with ID 27224.
The corresponding 337-nm filtered image of MMIA is shown in (d). The pink horizontal dashed line is

the mean of the background noises with the pink shaded band y + 30
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Figure S11. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4nm and green: modeling result of the first-hitting-time model) (a) and its corresponding
NBE pulse (b) detected from the ground-based VLF/LF sensor nearby Malaysia for the single-pulse
BLUE with ID 27225. The corresponding 337-nm filtered image of MMIA is shown in (c¢). The pink
horizontal dashed line is the mean of the background noises with the pink shaded band u + 30-. The

oscillations are marked as OSC in the figure.
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Figure S12. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm
and red: 777.4 nm) (a) and its corresponding NBE pulse (b) and the subsequent pulses trains (c) detected
from the ground-based VLF/LF sensor nearby Malaysia for the multiple-pulse BLUE with ID 27231.
The corresponding 337-nm filtered image of MMIA is shown in (d). The pink horizontal dashed line is

the mean of the background noises with the pink shaded band y + 30
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Figure S13. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4nm and green: modeling result of the first-hitting-time model) (a) and its corresponding
NBE pulse (b) detected from the ground-based VLF/LF sensor nearby Malaysia for the single-pulse
BLUE with ID 27234. The corresponding 337-nm filtered image of MMIA is shown in (c). The pink

horizontal dashed line is the mean of the background noises with the pink shaded band y + 30.
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Figure S14. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4nm and green: modeling result of the first-hitting-time model) (a) and its corresponding
NBE pulse (b) detected from the ground-based VLF/LF sensor nearby Malaysia for the single-pulse
BLUE with ID 27235. The corresponding 337-nm filtered image of MMIA 1is shown in (c). The pink

horizontal dashed line is the mean of the background noises with the pink shaded band u + 30
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Figure S15. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230nm
and red: 777.4 nm) (a) and its corresponding NBE pulse (b) and the subsequent pulses trains (c) detected
from the ground-based VLF/LF sensor nearby Malaysia for the multiple-pulse BLUE with 1D 27236.
The corresponding 337-nm filtered image of MMIA is shown in (d). Note that the subsequent pulse
trains in (c) seems like a negative NBE, however, it is too noisy to identify it through the radio signals.

The corresponding 337-nm filtered image of MMIA is shown in (d). The pink horizontal dashed line is

(d)
337 nm
4.75°E
©
o
(@]
9)
= op |
° 4.68°E
e)
2
®
-
4.61°E
98.61°E 98.70°E 98.78°E
Longitude (degree)
I 00
102.0 102.3 102.7 103.0

Brightness (pW/Sr/mz)

the mean of the background noises with the pink shaded band u + 30

17



ID:27237

(©)

~~
o
~—

337 nm
. 4.76°E "
~ ——PHOT1: 337 nm
g 20 ——PHOT2: 180-230 nm
% ——PHOT3: 777.4 nm
-~ First-hitting-time model —_
8 ©
s o
8 (o)
5 )
« ° o
= o 470°E
el
2
(b) 10 5
= - 0
c
. 4.64°E
m" 10 98.61°E 98.68°E 98.75°E
Longitude (degree)
I 000
-20 1020 1023 1027 1030

0 0.05 0.1 0.15 02 025 0.3

Time (ms) after 2020-04-30 17:50:44.300 UTC Brightness (\W/St/m?)

Figure S16. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4nm and green: modeling result of the first-hitting-time model) (a) and its corresponding
NBE pulse (b) detected from the ground-based VLF/LF sensor nearby Malaysia for the single-pulse
BLUE with ID 27237. The corresponding 337-nm filtered image of MMIA is shown in (c). The pink

horizontal dashed line is the mean of the background noises with the pink shaded band u + 30.
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Figure S17. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4 nm and green: modeling result of the first-hitting-time model) (a) and its corresponding NBE
pulse (b) and the subsequent pulses trains (c) detected from the ground-based VLF/LF sensor nearby
Malaysia for the multiple-pulse BLUE with ID 27238. The corresponding 337-nm filtered image of
MMIA is shown in (d). The subsequent pulse trains in (c) seems to be a “NBE-like” event, which
might two NBE events occurred closely in time, however, it is too noisy to identify it through the radio

signals. The pink horizontal dashed line is the mean of the background noises with the pink shaded

band u + 30
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Figure S18. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4 nm and green: modeling result of the first-hitting-time model) (a) and its corresponding NBE
pulse (b) and the subsequent pulses trains (c) detected from the ground-based VLF/LF sensor nearby
Malaysia for the multiple-pulse BLUE with ID 27239. There is no corresponding 337-nm filtered image

detected by MMIA. The pink horizontal dashed line is the mean of the background noises with the pink

shaded band u + 30. The oscillations are marked as OSC in the figure.
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Figure S19. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4 nm and green: modeling result of the first-hitting-time model) (a) and its corresponding NBE
pulse (b) and the subsequent pulses trains (c) detected from the ground-based VLF/LF sensor nearby
Malaysia for the multiple-pulse BLUE with ID 27241. There is no corresponding 337-nm filtered image

detected by MMIA. The pink horizontal dashed line is the mean of the background noises with the pink
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Figure S20. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm
and red: 777.4nm) (a) and its corresponding NBE pulse (b) detected from the ground-based VLF/LF
sensor nearby Malaysia for the single-pulse BLUE with ID 27243. There is no corresponding 337-nm
filtered image detected by MMIA. The pink horizontal dashed line is the mean of the background noises

with the pink shaded band u + 30-. The oscillations are marked as OSC in the figure.
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Figure S21. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm,
red: 777.4nm and green: modeling result of the first-hitting-time model) (a) and its corresponding
NBE pulse (b) detected from the ground-based VLF/LF sensor nearby Malaysia for the single-pulse
BLUE with ID 27244. The corresponding 337-nm filtered image of MMIA 1is shown in (c). The pink
horizontal dashed line is the mean of the background noises with the pink shaded band u + 30-. The

oscillations are marked as OSC in the figure.
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Figure S22. Comparison between MMIA photometer irradiance (blue: 337 nm, black: 180-230 nm
and red: 777.4nm) (a) and its corresponding NBE pulse (b), the first subsequent pulses trains after
1.4ms (c) and the second subsequent pulses trains after 4.4 ms (d) detected from the ground-based
VLF/LF sensor nearby Malaysia for the multiple-pulse BLUE with ID 27245. The corresponding
337-nm filtered image of MMIA is shown in (e). The pink horizontal dashed line is the mean of the

background noises with the pink shaded band u + 30-. The oscillations are marked as OSC in the figure.
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