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Time series structure of the critical frequency of the

ionosphere
lonospheric critical frequency time series for 2011 year (Paratunka station, Kamchatka, Russia)
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Space weather impact , 2017

f10.7
140 N
120 | \ \ 1 5 https://omniweb.gsfc.
L . . \
1 %%.09 07.09 08.09 09.09 10.09 11.09 Nasa.gov
. IMF Bz
of o
-10
-20 | . . https://cdaweb.gsfc.na
06.09 07-(')9 08.‘09 p— 09-?9 10-99 11.09 Sa.gOV
20 - d
NV\_—JV\/\/A/\[\J C
060.09 07-(I)9 08.09 09-69 10.09 11.09
9 Kp . . .
s Wf\/\/\_/\ 4 http://isgi.unistra.fr
3 -
0 . A ad
06.09 07.09 08.09 09.09 10.09 11.09
DST
m -
o ’—W e
-50 — 1 pl
100 https://cdaweb.gsfc.
06.09 07.09 08.09 09.09 10.09 11.09
4 _ . ae _ , | nasa.gov
1000 M j f
06.09 07.09 08.09 09.09 10.09 11.09

foF2 data

https://csu.ikir.ru/home

06.09 07.09 08.09 09.09 10.09 11.09


http://isgi.unistra.fr/
https://csu.ikir.ru/home
https://omniweb.gsfc.nasa.gov/

Generalized recurrent network architecture

x(k) Hidden

Input to hidden layer: x(k), x(k-1), ... x(k-Ly), y(k), y(k-1), ...,y(k-L)

Delays relative to neural network output: /.=,

Used time line
delays:
5:5:2

5

lx
| =1 =24

l)’
l}’



NARX SPA and NARX PA architectures

NARX SPA

x(k—=1.),p(k),

F() - neural network mapping function

NARX PA
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Generating model data

Median foF2 (summer, low solar activity)
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Model data NN errors
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Standard deviations of neural network errors

Time delay 2 Time delay 5 Time delay 24
Season NARX SPA NARX PA NARX SPA NARX PA NARX SPA NARX PA
Winter (low solar activity) 0.47 0.57 0.42 0.53 0.31 0.3
Summer (low solar activity) 0.42 0.46 0.36 0.39 0.3 0.29
Winter (high solar activity) 0.5 0.78 0.43 0.67 0.3 0.29
Summer (high solar
activity) 0.42 0.45 0.36 0.37 0.32 0.3
NARX SPA
1 N _ 2 - T T
R S I
—1 i=1 E 5
— 1 il 0 20 60 80 100 120 140 160 180 200 220 240
e=—Ye
N o1 ” | NN errors
N 11 7
I
= o b AP i i -

e, = y(i)—y(i)

100 120 160 180 200 220 240

Hours

140



Results of foF2 data processing for the period November 18 — 22, 2017
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(a) — data foF2 (black) median
foF2 (green);

(b) — errors NARX PA (TLD 2)
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(c) - errors NARX SPA (TLD 2)

(d) — errors NARX PA (TLD 5)

©  (e) — errors NARX SPA (TLD 5)

® () — errors NARX PA (TLD 24)

(9) — errors NARX SPA (TLD 24)
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Results of foF2 data processing for the period August 03 — 08, 2018

(a) — data foF2 (black) median
foF2 (green);

(b) — errors NARX PA (TLD 2)

(c) - errors NARX SPA (TLD 2)

(d) — errors NARX PA (TLD 5)

(e) — errors NARX SPA (TLD 5)

(f) — errors NARX PA (TLD 24)

(9) — errors NARX SPA (TLD 24)
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Conclusions

NARX neural networks has shown that it can be used to detect anomalous features in
the regular course of the foF2 time series. NN formed for different levels of solar
activity and seasons. It demonstrated better approximation abilities for the NARX SPA
architecture. With an increase of delay lines number, the ability to simulate a regular
foF2 behavior increases. NARX neural networks can be used to detect anomalies in
ionospheric parameters during periods of geomagnetic and ionospheric disturbances.
The work was carried out as part of the implementation of the state task AAAA-A21-
121011290003-0. The work was carried out by the means of the Common Use Center
"North-Eastern Heliogeophysical Center" CKP_558279, USU 351757.
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