>

s A NT SRSt = 2 X| 2 25 oy
~/ \ Journal of Advanced Navigation Technology J. Adv. Navig. Technol. 22(2): 49-56, Apr. 2018

YodE Mils g EM 2 X[Eol 2

rot

MBS DBUE

[ S [ =

Analysis on Normal lonospheric Trend and Detection of
lonospheric Disturbance by Earthquake

S 2 2 -3 = *
BAAZ - FEE-PRLF-NARE
ME2tistn J|AHgd3ssE 2 HUTALASSATL

Seonho Kang - Junesol Song - O-jong Kim - Changdon Kee"

Mechanical and Aerospace Engineering, Seoul National University, Institute of Advanced Machines and Design, Seoul,
08826, Korea

ey
XN

>

>

(o3

=

rfi i

A% o] §5HA FAste o] WL BT Ak AL Fe) AU
A5 TR 2915 93 B M, AR L Ao o) e o) P4 TR AeA
T [e)

o
0%
>
%)
o o
=2
>
lo
N

{,
o

ol o8t N, ofj

=

| Basit) £ =M, A gl A delS 7 3EA]S 2138l ionosphere exchange
(IONEX) Hlo]H & o] &3] B Stf7] 9 =471, 915, Al 5ol &3 d el B S A s okt E4 g s el o
v o 2 Apd o] AAR AAREE Ak, dEE A o]of gk e F B
F5 A st AR o 2 AdE)F X9 22 vl gho] A gk o2 A H Ao, O H HES 14e-6TF O & LEFSTE A7
G715 2011 =5 oA X A A] =¥ Hlol o] A gate] nld HES

[Abstract]

As the energy generated by earthquake, tsunami, etc. propagates through the air and disturbs the electron density in the
ionosphere, the perturbation can be detected by analyzing the ionospheric delay in satellite signal. The electron density in the
ionosphere is affected by various factors such as solar activity, latitude, season, and local time. To distinguish from the anomaly,
therefore, it is required to inspect the normal trend of the ionosphere. Also, as the perturbation magnitude diminishes by distance
it is necessary to develop an appropriate algorithm to detect long-distance disturbances. In this paper, normal condition ionosphere
trend is analyzed via IONEX data. We selected monitoring value that has no tendency and developed an algorithm to effectively
detect the long-distance ionospheric disturbances by using the lasting characteristics of the disturbances. In the end, we concluded
the 2™ derivative of ionospheric delay would be proper monitoring value, and the false alarm with the developed algorithm turned
out to be 1.4e-6 level. It was applied to 2011 Tohoku earthquake case and the ionospheric disturbance was successfully detected.
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Table 1. Environment for IONEX data analysis.

Year Station (latitude) date (season)

THU2 (76.5 °N) 3/20 (spring)

2001 (solar max) CHUR (58.7 °N) 6/21 (summer)
2008 (solar min) WUHN (30.5 °N) 9/23 (fall)

MBAR (-0.6 °N) 12/21 (winter)
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Fig. 1. lonospheric delay (a)2001 maximum solar
activity (b)2008 minimum solar activity.
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Table 2. IONEX data maximum value.

IONEX max
lonospheric delay 20.7m
1 derivative 9.4e-4 m/s
2" derivative 1.6e~7 m/s?
3 derivative 4.3e-11 m/s®
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Table 3. Maximum values for various sampling times.

sampling time | 1! derivative | 2" derivative | 3 derivative
(sec) (m/s) (m/s?) (m/s°)
1 4.63e-3 2.32e-3 3.89e-3
30 4.30e-3 2.42e-5 1.36e-6
3600 3.48e-3 4.76e-7 1.38e-10
(IONEX) 3600 5.91e-3 8.82e-7 2.74e-10
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Table 4. Converted 3 sigma value by sampling time.

Sampling time | 1% derivative | 2" derivative | 3™ derivative
(sec) (m/s) (m/s®) (m/s®)
(IONEX) 3600 5.91e-3 8.82e—7 2.74e-10
30 7.33e-3 4.49e-5 2.70e—6
factored
1 7.86e—-3 4.43e-3 7.73e-3
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Table 5. 3 sigma of 30sec-converted lonospheric delay 1st,
2nd, 3rd derivatives.
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Table 6. False alarm rate in accordance with N.

N 1 2 3 4
20 Pp, | 7.5e-1 4.0e—1 1.5e—1 4.6e-2
30 Ppy | 7.8¢2 | 3.0e3 | 7.6e-5 | 1.4e-6
40 Ppy 1.9e-3 1.7e-6 1.0e-9 4.4e-13
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Table 7. Distance between IPP and station on the initial
anomaly, maximum normalized ionospheric
combination 2™ derivative, the time between initial
anomaly and disturbance confirmation.

Station | KANR | SUWN | WOLS | mtka | tsk2 | usud
IPP-epicenter| ;91 5| g9g.3 | 738.4 | 375.6 | 382.1 | 350.6
distance (km)

Normalized | 5 » | 58 | 195 | 45.3 | 31.3 | 43.4
max value
time-to~detect) , 4 | 30 | 20 | 20 | 20 | 20

(min)
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