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Figures and notes
This supporting information shows the radio signals of the negative NBEs recorded by four stations (Fig S1). Figures S2-S5 present the optical and radio signals for the two negative NBEs associated with elves, not presented in the main text.
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Supplementary Figure 1 | Propagation path of radio signals observed by the ground-based receiver. a The black line represents the ground-wave path of radio signals. Other colors present the ionospheric 1st-4st reflected waves. b The radio signals of negative NBEs were observed by four VLF/LF stations at 17:13:11.152780 UTC on August 28, 2020.
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Supplementary Figure 2 | Light curves and radio signals of negative NBEs associated with elves at 17:13:53.881240 UTC on August 28, 2020. a The photometer signal  on a logarithmic scale. b The same data zoomed-in view. c The associated radio waveforms of negative NBEs recorded by the GZ station.
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Supplementary Figure 3 | The radio signals of negative NBEs observed by four VLF/LF stations at 17:13:53.881240 UTC on August 28, 2020.
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Supplementary Figure 4 | Light curves and radio signals of negative NBEs associated with elves at 17:12:59.355460 UTC on August 28, 2020. a The photometer signal on a logarithmic scale. b The same data zoomed-in view. c The associated radio waveforms of negative NBEs recorded by the GZ station.
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Supplementary Figure 5 | The radio signals of negative NBEs observed by four VLF/LF stations at 17:12:59.355460 UTC on August 28, 2020.
image4.png
Flux (UW/m?)

————— Optical 337 nm
— Optical 777.4 nm ]
— UV x 1000

Time (ms)
150 T T
—— Optical 337 nm
120 - — Optical 777.4 nm -|
& — UV x 1000
§ 90 - b
3 Elves
x 60r b
=
TR
30,
0 L ! 1 !
-0.25 0 0.25 0.5 0.75 1
Time (ms)
0.4 T T
Radio signal

o
N

Ground-wave

Digital unit (V)
o

S
N
T

V/VMu\[\IWv\/\WWW\MV\M

lonospheric sky-wave

-0.4
-0.25

0 0.25 0.5 0.75 1

Time (ms)




image5.png
[oe]

Digital unit (V)

0.1 0.2
Time (ms)

GZ station: 1835 km

JX station: 1845 km

FN station: 2320 km

HB station: 2375 km





image1.png
Digital unit (V)

lonosphere

Receiver

TO

GZ station:

1850 km

TIVT2 T3T4

B JX station: 1860 km
FN station: 2332 km
C

HB station: 2385 km

1 L I

Il
-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Time (ms)





image2.png
Flux (uUW/m?)

Digital unit (V)

10

——— Optical 337 nm
— Optical 777.4 nm |
— UV x 1000

-5 0 5
Time (ms)
150 T T T
Elves —— Optical 337 nm
120 — Optical 777.4 nm -|

— UV x 1000

0.25
Time (ms)

0.75 1

o
N

Ground-wave

o

S
N
T

lonospheric sky-wave

0.25
Time (ms)

0.5

0.75 1




image3.png
Digital unit (V)

GZ station: 1850 km
A

JX station: 1860 km

FN station: 2330 km

w

HB station: 2380 km

-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Time (ms)




