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The effect of the ionosphere on radio waves | The Planetary Society
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'Space bubbles' may have led to deadly battle in Afghanistan |
Science | AAAS

Kepeeses

P

X

-

0 HNMNH h o X . h
h ~ *

~

MB-47E Chinogk '

o gy x

m e o C o ¢C h ®

< *

h ~ 0O e S

[ee] [ee] Lad 8

o c t h c ot h "~

< N/ <

N A

N—r

N s

*
~

c kk o

2 - .

e e oym h e © ° h
B ’"‘"Y’aoo - 7 9
e

o, T ag tsmME|

Ladl < N—r

m 0]

h x e h €& 'YoQ'Y"

N —

https://agupubs.onlinelibrary.wiley.com/doi/full/

10.1002/20145SW001081



https://www.science.org/content/article/space-bubbles-may-have-led-deadly-battle-afghanistan
https://www.science.org/content/article/space-bubbles-may-have-led-deadly-battle-afghanistan
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014SW001081
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014SW001081

T h o ° Xx a e e Y m tx’”(.;v “ t aom

ro C o’;“’()tto fxo

oy ™mx costarink__ 'Y

c h o a > e o h

: he %:) : v;;x "™ 'EBeo
T ';<a omv_ i

h
m

x ¢ x t &tarlink’ o h ™ 0Ot E “t aom h

Lad <

Figure 1 from The Possible Cause of the 40 SpaceX Starlink Satellite Los
February 2022: Prompt Penetrating Electric Fields and the Dayside
Equatorial and Midlatitude lonospheric Convective Uplift | Semantic Schol

4

&



https://www.semanticscholar.org/paper/The-Possible-Cause-of-the-40-SpaceX-Starlink-Losses-Tsurutani-Green/1511cc3151422469341bc22d81fbb4e4fcd88bd0/figure/0
https://www.semanticscholar.org/paper/The-Possible-Cause-of-the-40-SpaceX-Starlink-Losses-Tsurutani-Green/1511cc3151422469341bc22d81fbb4e4fcd88bd0/figure/0
https://www.semanticscholar.org/paper/The-Possible-Cause-of-the-40-SpaceX-Starlink-Losses-Tsurutani-Green/1511cc3151422469341bc22d81fbb4e4fcd88bd0/figure/0

O e om

DA T~ o g 2 E T ogr o x *
N o ¢ 2 o X V o HA OE e.~._eA

< e - A v o o -~ . M . v
v 2 o nvm v o _Ct ..lAV . -

4

)

Vi -

1t

i

Wi

O e om



G 8 h t t e o O e om h e ~
N — * Y L * O N L < * O
. “e ™ B e o S °
- ~ The C/NOFS Satellite ©
17 e _ aRiZ2012" _ P < not _
b, km ® Communication/Navigation —_— .~ E ~ E
550 Outage Forecast System ~ P
® Launched in April 2008 - 0 € O - — 0 €
N[H"‘]/N % s00 ® |39 inclination orbit C h 0 = a e
’ ® 400-850 km < ~— ~—~ ~—
Vo
= ?o * CINDI (Coupled lon Neutral [* S8k HOKHIM C X
. Dynamics Investigation) N —
20
Becnsine PIBHOACHHS = 30 =0 ® |on Density ~ t e Oom t
40 - 25.03.2009 p. L_140 4 8 12 16 20 SLT o [H1[07] 5 —_ " ,
_ g ggg ]~ e em:t t x t]|x o ¥o) h. . . ~— E ° OZ €
h =505 xm - ‘ ~° O Transition Height o0 - « “~ ~om
20 1 N[H+]/N, % I, km March Equinox 1T -
800 T r — ~ ~ ~
—\\ e 9 550 —g::g:gg?g (: 0] ’ e ~ €
O T T T T T E?OO- A :::E:ﬁ a ~ ~ ~
0 4 8 12 16 20SLT 5 0 e o m e 0 0
500 2 o0 - !
Ocinne piBHOACHHS %500 m x ¢ x t eAjr Foyce
o i ] * —
450 =
40 30.09.2009 p. - Research Laboratory
h =505 kM 4 8 12 16 20 SLT ? ) sty = ° g e ™~ 7
20 - N[H|/N, % € < — -
-~ - Nighttime light ion
0 o 8"1‘2‘:6’ g transition_heightbehaviour
x "Bt Yt Y “~ p ° e |~ — pyer the Khagkiv (5N, —
ani pagapa HP = < - — - - EBCE) | radar during the
Hari panap a e " h o e o 0 mt ~ e ~

[HcTuTyTYy 10HOChEpH
———- Jlani moxemni IRI-2012

International Reference ionosphere

h e&ui)r(\oxes\ofOZ(fOéOEb- . <
ScienceDirect 6



https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248

e Kharkiv, equinox, LSA (PF107av=72) p— Kharkiv, equinox, MSA (PF107av=118)
; e o o0t
T WI-2016 ¥ IRI-2016 a o - ’E t a c
——— _oe ; " ’“<’Y a
glnnag/"/"v —\\ < 1000} mt~e ™™ ht X _
NN International Reference
lonosphere
(¢ _ T Bstitute of
g 3 6 3 MLsz{m 15 18 21 24 55 3 6 g Ml_szih: 15 18 21 24 ,AtmOSpheriC PhyS|CS
Figure 9. Local time variation of Kharkiv Ti data (grey points—individual measurements; black circles—mediansin 1 h < J — (yeOFgé Mason

wide MLT bins; error bars represent upper and lower quartiles), corresponding medians and lower /upper quartiles from  |Jnjvers |ti . )_O S
the proposed Ti and IRI-2016 models (red and blue, respectively). The left panel represents low solar activity (LSA) and the
right panel represents medium solar activity (MSA).

A Global Empirical Model of the lon Temperature in the lonosphere for the International Reference lonosphere



https://www.mdpi.com/2073-4433/12/8/1081

nanuma n
o1t 'Em
Ot
t ’E ':v

e O

’

NASA SVS | Tour of the Plasmasphere and Plasmapause


https://svs.gsfc.nasa.gov/3050/

') 7~ ') n ~~
h - Xt 0 -
< ] * - —_—
A 40000
Maorthern hemisphere, h = 847 km 1
'- . iy
30000 ! *i . ‘:
| | L]
o & ) i f 1
5 20000 0 f‘l r . ,.*g‘ f’:ﬂﬂ { &
. [ i 1
£ o N A | i Vo
® R J v o r‘l IL .‘ A j | .’ u | ? | \
10000 < ~g W 1% o . \ / i " \
I T =~ - :?[ M ? e
e - ¥ - xv - g
]
B 8000
Southern hemisphere, h = 3203 km
6000 — m =}
[ |
b
g 4000 N .
] - ri r p— -
= /r L ~ S 27 e - \\., 2 ~
o —_—— ey kN - — “~ Vi
2000 <~ - -
C 30000
r| Southern hemisphere, h = BG4 km
I
20000 il ¢ *
L) E [} na > * 1
E P _,' l" L 'I|‘I l'ill A ‘ |I|'l P |'|;I
: | it : i
2" |'|"_l| ! i‘ o) ¢ ]ﬂi LJ‘ = ¢ ! 1;\.‘ - I-ﬂ' L ® (-J | | "'l [ 9]
10000 | hu_, _ l1 n \"l " g e | U“
5] =] g AN ——— !
‘—.‘_’\ ! ®\-"" VY \1_’]1 N By 1.--—'\.\‘.) LR
\w_f v o) [ .
0 T ' . - :
] 12 0 12 0 12 o] 12 0 12 0
MLT
FIGURE 4

n (C) ends



F10.7 = 80 ny/2

Baseline

(@]

q;

©1F

F10.7 = 160 ny/2

il

- T =

-

- -

80 81
Day of Year

82 83 84 80 81

Day of Year

82 83 84 80 81

82 83 8
Day of Year

N

Figure 2. Electron density above the magnetic equator at geocentric radii 4R (solid) and 5.2R¢ (dashed) for each case.

The storm occurs on day 80.

The Unknown Hydrogen Exosphere: Space Weather Implications

C
e h Y
m
i
e <':1 o 1
_ X
“~ _Naval Research Laboratory.
; 2 e de 0 e X ”
: :'“H’O ~ *e e H’Y*z_ e m
e <v mecomt < h < ’ : e 'E

Frontiers | Interhemispheric ionosphef@asmasphere

system shows a high sensitivity to the exospheric

Krall- 2018- Space WeatherWiley Online Library

neutral hydrogen density: a caution of the global

reference atmospheric model hydrogen density



https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full

{gcmmmme

OPEN ACCESS

Huixin Liu,
Kyushu University, Japan

Sai Gowtarn Valluri,

University of Alaska Fairbanks, United
States

Stavros Dimitrakoudis,

Mational and Kapodistrian University of

Athens, Greece

Dmytro Kotow,
dmitrykotoff@gmail. com
D 01 December 2022

\CCEPTED 23 May 2023
BUSHED 05 June 2023

Kotov O, Richards PG, Reznychenko M,
Bogomaz O, Truhlik V. Nossal 5,
Mierkiewicz E, Zhivolup T, Domnin |,
Miyoshi Y, Tsuchiya F, Kumamoto A,
Kasahara Y, Kitahara M. Nakamura 5,
Matsucka A, Shinohara | and Hairston M
(2023}, Interhemispheric
ionosphere-plasmasphere system shows
a high sensitivity to the exospheric
neutral hydrogen density: a caution of
the global reference atmospheric model
hydrogen density.

Front. Astron. Space Sci. 10:1113706.
doi: 10.3389/fspas.20235.1113706

© 2023 Kotov, Richards, Reznychenko,
Bogomaz, Truhlik, Moszal, Mierkiewicz,
Zhivolup, Domnin, Miyoshi, Tsuchiya,
Kumamoto, Kasahara, Kitahara,
Makamura. Matsunka, Shinohara and

] VN I

L. ¢ e

Interhemispheric
ionosphere-plasmasphere
system shows a high sensitivity to
the exospheric neutral hydrogen
density: a caution of the global
reference atmospheric model
hydrogen density

Dmytro Kotov'*, Phil G. Richards? Maryna Reznychenko®,
Oleksandr Bogomaz*, Vladimir Truhlik®, Susan Nossal®,
Edwin Mierkiewicz®, Taras Zhivolup®, Igor Domnin’,
Yoshizumi Miyoshi’, Fuminori Tsuchiya 8 Atsushi Kumamoto?,
Yoshiya Kasahara®, Masahiro Kitahara®, Satoko Nakamura®,
Ayako Matsuoka™, Iku Shinohara® and Marc Hairston®

‘Institute of lonosphere, Kharkiv, Ukraine, “Department of Computer Science, University of Alabama in
Huntsville, Huntsville, AL, United States, “State Institution Mational Antarctic Scientific Center of the
Ministry of Education and Science of Ukraine, Kharkiv, Kyiv, Ukraine, “Institute of Atmospheric Physics
of the Czech Academy of Sciences, Prague, Czechia, "Physics Department, University of
Wisconsin-Madison, Madison, W, United States, "Department of Physical Sciences, Embry-Riddle
Aeronautical University, Daytona Beach, FL, United States, 'Institute for Space-Earth Environmental
Research, Nagoya University, Nagoya, Japan, “Planetary Plasma and Atmaospheric Research Center,
Graduate School of Science, Tohoku University, Sendai, Japan, "Graduate School of Natural Science
and Technology, Kanazawa University, Kanazawa, Japan, = Institute for Space-Earth Environmental
Research, Nagoya University, Nagoya, Japan, ~Data Analysis Center for Geomagnetism and Space
Magnetism, Graduate School of Science, Kyoto University, Kyoto, Japan, “Institute of Space and
Astronautical Science, Japan Aerospace Exploration Agency, Sagamihara, Japan, ~William B. Hanson
Center for Space Sciences, The University of Texas at Dallas, Richardson, TX, United States

Frontiers | Interhemispheric ionosphefgasmasphere system shows

a high sensitivity to the exospheric neutral hydrogen density: a

caution of the global reference atmospheric model hydrogen density

e “hode®&" "o “h o * —

*

D]
>

THE UNIVERSITY OF
ALABAMA IN HUNTSVILLE

THE UNIVERSITY

WISCONSIN

MADISON

TOHOKU

UNIVERSITY



https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full

<
C h N/~ e X 7 —~ e '’ c h o O,_\e -
< < 1 /:hY\,i p*ﬂ Y < E H | H
o 8 h t t YYo ®ém D e s et e s |

O O =

o ~ s mothhooee Apgllg16 ° t3 MHT

< N—r

Geocorona Wikipedia
12

< -

T < _



https://en.wikipedia.org/wiki/Geocorona
https://en.wikipedia.org/wiki/Geocorona
https://en.wikipedia.org/wiki/Geocorona

3
~

a;”"anAQ“DAoth x| m C

I ILLINOIS

AAAAAA ~CHAMPAIGN

Far Ultraviolel

ssaujybug

NASA's Carruthers Geocorona
Observatory Reveals ‘First Light’
Images

"0 ~ NASER Myc o h Y™™y e ® e e ’'Yo h

Lyman-Alpha
(Geocorona)

@
=
<«
=
—
=
®
v
(7]

h ’e a’ 0 oeh™ e "~ 7" 'YX

d < * N Pr— % —

"0 c h "o ™ to 16 h x,72028Y

NASA's Carruthers Reveals First Light



https://science.nasa.gov/blogs/carruthers-geocorona-observatory/2025/12/16/nasas-carruthers-geocorona-observatory-reveals-first-light-images/

e m C h t B t o h

< — < * < N—” 0O

mchomtx * 7 t ok @©ho®h y:o0o~" %~

3
~
Ly

o ¢ x T 7" PpCarfuthers Geocorona Observatory ° * h Nafure' Communications

UNIVERSITY OF
I ILLINOIS &
URBANA-CHAMPAIGN

NATURE COMMUNICATIONS | DOI: 10.1038/ncomms13655 ARTICLE

Hydrogen atoms near the
exobase are cold: independent

c h om t oObservatignsdo not support the
€ hot exosphere concept

Escape atoms

'

- '

:

'

Plasmasphe’ r~1, H

o 7] < [ Mo + i — Mo

Magnetosphere

Energelic H
__ g

Dmytro Kotov!* and Oleksandr Bogomaz'?

!Institute of lonosphere, Kharkiv, Ukraine, ?State Institution National Antarctic Scientific Center of the
Ministry of Education and Science of Ukraine, Kyiv, Ukraine

AlttYe from 200 to 600 km
nosp X0S W

r ~ r
F10.7 from 200 to 80 | | m e 0] 0] Y
—_— | Thermal hydrogen atoms from the and lower |
- * - —
Figure 3 | The previous geocorona theory and the new physics implied in this study. (a) Only cold hydrogen atoms, with a Maxwellian kinetic ~ ~ ° ~ O O b (D e ) 0 - e ~ q)
distribution determined by the ambient oxygen temperature, are present in the upper thermosphere, since complete thermalization is assumed. + < .

(b) Incomplete thermalization, due to low oxygen density especially under solar minimum condition, allows the presence of hot hydrogen atoms in the
upper thermosphere. Variation of the atomic oxygen density in the upper thermosphere with solar activity is calculated using the NRLMSISE-00 model'.
We emphasize that in the present work the cold atoms refer to those atoms that diffuse upward from the lower thermosphere (that is, the thermal atoms),

and the hot atoms are the ones that are kinetically energized through processes such as charge exchange and momentum transfer. Fro ntle rS | HVd quen ato mS near the

Nonthermal hydrogen atoms in the terrestrial upper thermosphere exobase are cold: independent observations
| Nature Communications do not support the hot exosphere concept

14



https://www.nature.com/articles/ncomms13655
https://www.nature.com/articles/ncomms13655
https://www.nature.com/articles/ncomms13655
https://www.nature.com/articles/ncomms13655
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1200959/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1200959/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1200959/full

X T VEt ¢ ht oY’°<0E e "'anato: *E " o o h o e

o “tohpe he & ™ a ”‘e”“’\Ap0>”0°""e 9
0.01 Escape Efficiency (log) 40
Solstice - Solar Maximum The role of solar Lyman-alpha in the formation of the

telluric hydrogen corona

_Ega_pe Efficiency
45 s

R. R. Hodges', J. D. Huba?, and D. V. Kotov?

Ecliptic Latitude
=

!Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, CO

2Syntek Technologies, Fairfax, VA

3Institute of ITonosphere, National Technical University ”Kharkiv Polytechnic Institute”

0 90 180 270 360
Sun Hour Angle

Cc h " e " eo 3y "o th”™itgscagp®P T € Ox @ Tt apmny
o 7 0;eo0 ; _ho o zg)ﬁ"ei(m t o h™—a~x L tEMY o N _1T0 - C ot

c hoa e O "ee YD B h tt 'y - a e 0Ol x Y
(H:r:o(.; mo t h o~ t h o e - e ™ "0~ ¢ T e th)<

(b c _ " ‘Eaberatory for Atmospheric and Space PhysicSyntekTechnologies )"



e 0o mte o m~™

N

c *h e

*

h 3

e

<

hxe hege™E h ~ Te o 0O

a

<

Qeo

T

<

ceheo @a m
* < %

I



https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih

152
144

»n 136

Reference day May 22

22.05.2024 at f = 4.0 MHz

Variations of reflection height durin?
i d fitted usipg 30-min intervaI}

Signal (rqfllection height) apd tren

X e W PN
AV AV " d DA A = = WV
] i
i
! Relative reflettion height variafions
' i
q ]
,\. A /\‘\ AAAA A AN r\A A, A A /\
AT V=~ e AAY

TV
1

VA \/

2-20 mir;llbandpass filterec:;i relatjve reflectioh height yariati0n$

>.____

13:00

13:30
uTr

14.00 14:30

bs

1201
1121 ! :
96 1
881

v 104

5.0
2.51
RN E S ARL VAN,
_2_5,
-5.01

0.044
0.024
0.00 A AL -L._A
—0.021
—0.041

0.04 1
0.02
0.00 AN NAY A
—0.02
—0.04

16
=
Elz
~ 8

12:30

The fire day May 25

25.05.2024 at f = 4.0 MHz

Variations of reflection height durin?
i d fitted usipg 30-min intervaI}

Signal (rqflection height) apd tren

Absolute reflejction height variajtions

Relative reflektion height variaﬁions

—_———)-—

Oscillations of the atmosphere
with buoyancy frequency

and its interaction

13:00

— raw
= mean

0.0008
-
0.0006 2
m
g
0.0004 «
o
m
0.0002 &
g

0.0000

Kotov et al. AtmoSenskAIRWave&onference, April 157, 2025, Daytona Beach, F

L

VamnN e VamnN
* o < e < * —
X T'Ft ™t C
_ E *
e ” 0O e h e r
— v < < C
':‘A,Yr hO OV
a " “ Yy o h ~ e

T

Tﬁe Devfense Advanced
Research Projects Agency

Reqistration |
AtmoSensfAIRWave$
Conferences | EmbrRiddle
Aeronautical University

17


https://commons.erau.edu/atmosense-airwaves/registration.html
https://commons.erau.edu/atmosense-airwaves/registration.html
https://commons.erau.edu/atmosense-airwaves/registration.html
https://commons.erau.edu/atmosense-airwaves/registration.html
https://commons.erau.edu/atmosense-airwaves/registration.html
https://commons.erau.edu/atmosense-airwaves/registration.html
https://commons.erau.edu/atmosense-airwaves/registration.html
https://commons.erau.edu/atmosense-airwaves/registration.html
https://commons.erau.edu/atmosense-airwaves/registration.html

Frequency [Hz]

o bty Shuan Mot o dulitels enge miliovw BN s abe el edtoorbe bod Mot Moth m B ke Ay et e bt ot wb s ol Bl o 0.0 vnubus ot i ol O ik i (8 vl s
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

h a e e ™ " m —~ 0Ot 'Em

VLF SAMPLER

Welcome to the ESA Space Weather Service Network
Please note that all ESA-SWE Services are under review/construction

Expert Service Centres / ESC Space Radiation [/ elte-plasma-federated /

Federated products from the Edtvis University (ELTE)

PLASMA Plasmaspheric
SR G products for specification of

Earth's plasma environment

ome “comparemaps | Mep |

ObservedPlasmaDensity > PD (Plasma Density) > Measurement/Historical

About this product

PD (Plasma Density) 18



D)

: e o t "~ emt ™ 7TFo

ANT.GPS

m " . e e 'Y * h

D A

GEOMAG - 021

FLUXGATE N1
MAGNETOMETER :

¥ Geomag File viewer: CAUsers\Acer\Downloads\geomag09-09\FM_19_250122000000.TXT — o >
File About

=[x =] mlven =] mlzen = e =] o [eaev =] Bl ey I Mouse [an - @&

[E T
&l

20
15

X[oT]

11:00:00 12:00:00 13:00:00 14:00:00 15:00-:00 16:00-:00 17:00:00 18:00:00 19:00:00 200000 21:00:00 22:00:00 23:00:00 000

BN

t

-

11 4l

Y[nT]
°

00:00:00 01:00:00 02:00:00 03:00:00 04:00:00 05:00:00 06:00:00 07:00:00 08:00:00 09:00:00 10:00:00 11:00:00 12:00:00 13:00:00 14:00:00 15:00:00 16:00:00 17:00:00 15:00:00 19:00:00 20:00:00 21:00:00 22:00:00  23:00:00 00:0

1) ]

L]
N
B

Mgy

00:00:00 01:00:00 02:00:00 03:00:00 04:00:00 05:00:00 06:00:00 07:00:00 08:00:00 09:00:00 10:00:00 11:00:00 12:00:00 13:00:00 14:00:00 15:00:00 16:00:00 17:00:00 18:00:00 19:00:00 20-00:00 21:00:00 22:00:00 23:00:00 00:0

‘KI

& O W
o »Q O O O
2

1
3
3 T o =
> S 9 o

O A






R -

R el

o

=

T

Oy HALLIOHANTbBHUIA
AHTAPKTU4HUW
HAYKOBMWA LEHTP

MiHicTepcTED OCBITH | HaykK Yikpalnu

*

h ~ \/e m IE ~


https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F

T 7. 20283 0 ¢x ToET o

Geophysical Research Letters’ e

RESEARCH LETTER
10.1029/2024GL112620

Key Points:

o  For magnetically quiet days, the
observed daytime N_F, values were
~50% larger than those simulated
using the NRLMSISE-00 model

& This implies ~30% larger neutral O
density comparing with the
NRLMSISE-00 model prediction or
the density underestimation by the
maodel

& Similar problem with the O density
prediction happens for some periods
for different years

Supporting Information:

Supporting Information may be found in
the online version of this article.

Correspondence to:

D. ¥. Kotov and M. Q. Reenychenko,
dmitrykotoff @ gmail com;

mregn chk @ gmail com
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The Thermosphere Was Poorly Predictable Not Only During
but Also Before and After the Starlink Storm on 3—4
February 2022

M. O. Reznychenko'* , D. V. Kotov' I, P. G. Richards” ", O. V. Bogomaz'* ),
A. L Reznychenko™ ', L. P. Goncharenko® ', T. G. Zhivelup', and L F. Domnin'

'Institute of lonosphere, Mational Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine, :Spw:e
Research Centre of Polish Academy of Sciences, Warsaw, Poland, *Department of Computer Science, University of
Alabama in Huntsville, Huntsville, AL, USA, “State Institution National Antarctic Scientific Center, Ministry of Education
and Science of Ukraine, Kyiv, Ukraine, *Institute of Radio Astronomy, National Academy of Sciences of Ukraine, Kharkiv,
Ukraine, "Massachusetts Institute of Technology, Haystack Observatory, Westford, MA, USA

Abstract Observation-based simulations of the ionosphere were performed with the NRLMSISE-00 model
for six locations around the globe during 1-9 February 2022, which includes the so-called Starlink Storm.

Unlike other studies, we focused on the magnetically quiet days around the storm. Unexpectedly, the observed
values of the F2-layer peak density were ~50% larger than the simulated values. We show that this implies that
the daytime O density in the thermosphere was systematically ~30% larger than the NRLMSISE-00 predicts.
Further investigation shows that this discrepancy is not an exclusive feature of the period around the Starlink
Storm and a similar problem happens for some periods for different years. It is unclear if the reason is an actual
increase of the O density or its underestimation by the model. Resolving this problem is critical for providing
accurate predictions of the atmosphere to avoid the degradation of normal operation or even loss of space assets.

After the Starlink Storm onc®d February 2022 Reznychenke 2025-

Geophysical Research Letteid/iley Online Library
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Phase 0/A1 study contract signed:
* Prime: Creotech Instruments SA (PL)
« Subs: CBK PAN (PL), WUST (PL)

Addressing space weather data complementary to 1st mission,

o Geomagnetism, British Geological Survey (BGS)
] =3 c=rr3
e.g..
B g ot il | |l bt
LEO magnetic field,

= =

Radiowaves - electric field iy s
Neutrals density (atomic oxygen)

Optional: Medium energy particle fluxes

LEO SSO (~550 km), local time TBD, 3 years lifetime, high reliability &
availability (90%), low latency (<60 minutes)

Planned schedule: launch end 2028
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