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TEC Global Variation

(Luhr et al., 2003)
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Coincidence Measurements of GPS and Optical

Imaging Systems
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GPS Stations Over Nepal

GPS TEC data from 53 stations during 2000 — 2019 (UNAVCO)
GPS Stations In Nepal
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Diurnal Variations GPS -TEC

VIEC (tecu)
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Comparision of Seasonal GPS TEC with IRI-Models

VTEC (TECU)
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Seasonal trends of GPS-TEC and IRI-TEC for the Year of 2016
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Comparision of Seasonal Variations GPS -TEC with

IRI-Models
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Long-term Variations in GPS TEC
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(a) Day-time and (b) Night-time TEC time-series plots of data during 2007-2017
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TEC Seasonal Equinox with Solar Cycles

RINEX : jmsm RINEX : jmsm

B \inimum phase 2000 | K Ascending phase

spring equinox Autumnequinox JESEEEE  Springequinox Autumn equinox
10 I.i ' .

06 07 08
MONTHS / 2009

RINEX : jmsm tecu RINEX : jmsm
00 24

2 Descending phase 2016

Autumn equinox

06 07 08 09 10 1 12 01 02 03 04 05 06 07 08
MONTHS / 2014 MONTHS / 2015



Yearly Variations in GPS TEC

Varlatlon of VTEC SSN and Solar flux
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Mean Yearly Variations in TEC 2008-2017
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Neural Network (NN) Model

Neural networks basically
consist of REQUIRED
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Graphical Representation of Neural Network used in developing Model

( Okoh et al., 2016)



Neural Network (NN)
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RMSEs Corresponding to Solar activity
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RMSE value for F(10.7 cm) was observed lowest than SSN and UV



Comparision of Monthly GPS TEC with Model

VTEC (TECU)

40 4

201

40 -

20 4

40 -

20 4

40

20+

0 4 8 12 16 20 24

0=
0

4

8 12 16 20 24

Hour (UT)

D I T T
0 4 8 12

January February March
40 1 40
&nﬁ " &*ﬁ " &
- T T ‘:' T T T T T ‘:' T T T T T T
April May June
July August September
40 4 40 A
m N &m o &
T T T T T T T ':l T T T T T T ':I T T T T 1
October November December
GPS
A - 40 - ::—- NN Model
—— 2016
20 - 20 4 —i— Ne(uick2

16 20 24

GPS VTEC,
IRI, NN and
NeQuick-2
models for
months of year
2018

Most of the time of months, the NeQuick-2 model overestimates IRI-2016, NN model,
and GPS-TEC model from morning to midnight
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Comparision of Seasonal GPS TEC with Models

GPS-TEC with IRI, NN and NeQuick-2 models for months of year 2018
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Comparision of GPS TEC with Models
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* [RI-2016 shows a small deviation from GPS-TEC (~ 10% - 20 %), while the NN
model perfectly matches with GPS-TEC.
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Prediction of VTEC using ANN

Model Prediction for the Year 2018

Hour of Day(UT)

O 50 100 150 200 250 300

Dayvy of Year
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* Intensity of the VTEC varied from black (low) to yellow (high). It is maximum from DOY
70 to 240 and also showed higher VTEC in the day than during morning and night
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Super Intense Geomagnetic Storms March 2015
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GPS TEC on quiet days and storm of March 2015 Stormy day
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The main phase lies on 17 March and VTEC decreases after storm (negative ionospheric storm)



Super Intense Geomagnetic Storms September 201/
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TEC Signature During Super Intense Geomagne OrIT
GPS TEC on quiet days and storm of September 2017 /J/gtgirerpz;yay
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Ionospheric Anomaly due to Solar Eclipse
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lonospheric Anomaly due to Solar Eclipse
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 The left panel displays the variance in TEC at the four GPS sites during the solar eclipse and
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lonospheric Anomaly due to Solar Eclipse

40r

VvIEC (TECu)

40r

vIEC (TECu)

30F
20r
10F

30r
20F
10F

—— Eclipse Day —— Quiet Day ’
Full Eclipse
(a) BRN2 N ; :
Diurnal vTEC 18- Highlighting Eclipse Period
s S =
n =
12F
\ 6r
1 O B I
(b) RMTE
18r
= =
s >< 2
N © 84
12 /—/
N\ 6-
F
I T T T T T T T [I 0 ) ] T T T 1
0O 3 6 9 12 15 18 21 O 00:00 00:30 01:00 01:30 02:00
Jul 22 Jul 23 Jul 22 Jul 22
Time (UT) Time (UT)

» The obscuration rate is strongly associated with the size of the reduction (Founda et al., 2007)

» The variance in TEC at the two GPS stations during the solar eclipse and a comparison with
TEC on the quietest days (Ghimire et al., 2022).



lonospheric Anomaly due to Earthquake

Nepal Great Earthquake (M=7. 8) (25t April, 2015)
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GPS Station and epicenter, Nepal (Ghimire and Chapagain, 2022)
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lonospheric Anomaly due to Earthquake

GHER - 35 km from Epicenter
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One, two and nine day before the earthquake event, 251" of April (GHER close to Epicenter).
Similar result is obtained as CHLM, and BESI stations (Ghimire and Chapagain, 2022).



lonospheric Anomaly due to Earthquake

TPLJ - 308 km from Epicenter
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lonospheric Anomaly due to Earthquake

Nepal earthquake of (M=7. 8) (25" April, 2015)

a) Daily TEC-TPLJ From (10, April - 10, May)
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a)VVTEC distribution recorded at TPLJ station 15 days before and after Nepal earthquake
b) Wavelet power spectrum with the different color bar
c) Global wavelet spectrum with main periodicity



lonospheric Anomaly due to Earthquake

Nepal earthquake of (M=7. 8) (25" April, 2015)
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a)VVTEC distribution recorded at GHER station 15 days before and after Nepal earthquake
b) Wavelet power spectrum with the different color bar
c) Global wavelet spectrum with main periodicity (Ghimire and Chapagain, 2022).



« The maximum values of TEC were mostly observed around noon and afternoon
showing pre- dawn minimum and steep rise in the morning and then gradual decrease
after sunset.

 The high values of TEC were observed in spring (March, April, and May) and the
lowest was in Winter (December —February).

« The IRI-TEC model and Artificial Neural Network (ANN) model (better) can be used
to predict ionospheric TEC and these models can be used for the long-term analysis of
the 1onosphere.

* Negative ionospheric storm is identified during storm of March 2015, while positive
lonospheric storm is noticed during storm of September 2017.

« During solar eclipse, 2 stations exhibiting a considerable reduction of >5 TECU and
the other 8 stations with a reduction of 1-5 TECU as the eclipse reduced the movement
of photoionization in the ionosphere.

 The notable anomalies were seen before one and nine days (April 16 and 24) of
earthquake event (April 25) in stations near the epicenter, indicating that the VTEC
anomaly may be pre-curser of earthquake.






