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3-D Global lonospheric Specification (GIS): Gauss-Markov Kalman Filter

GPS satellite Ground-based GPS slant TEC
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[C.Y. Lin et al., AMT 2015, JGR 2017, 2020]
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Grid resolution:
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Temperature (K)
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2019 Antarctic Stratospheric Sudden Warming

60K Temperature increase

3rd time in the history strongest in the history for
rapid temp. increase

Strongest 6 day oscillation in ionosphere ~ 30%

SSW temp. increase rapidly -65°C -> -5°C
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2019-08-05 G1 Minor Magnetic Storm

Rajesh, P. K., Lin, C. H., Lin, C.Y., Chen, C. H., Liu, J. Y., Matsuo, T., et al.
(2021), Extreme Positive lonosphere Storm Triggered by a Minor Magnetic
Storm in Deep Solar Minimum Revealed by FORMOSAT -7/COSMIC-2 and
GNSS Observations, Journal of Geophysical Research: Space Physics, 125,
€2020JA028261https://doi.org/10.1029/2020JA028261

Triggered strong ionosphere electron density increase
@ India. Europe. Africa with 300-800% increase

1400 UT

1000 UT
U

g 05/Aug/2019 09:40-09:42 UT
&
@
S c -
209 il
® B E 1
— 0 v |
[ ]
< > o 3
52 g
T ot ¥
B
&E
&
i
2
21 22 23 0 1 2 3
800
4 August 2019
w
£ 600+ Solar Wind \{
2
n
> 400 __A‘_‘
104
=
S 0t e =
N
4]
5 -10
-20—T—TT T T T T T T T T
10
E 5
N
é 0 b.m._m
g 5
W =51 .
Storm E-field
-10 L B e s e s |
25
= Of/\—’\/
£
g -25
-50 Dst

0 2 4 6 810121416182022 0 2 4 6 8 1012141618 2022

UT hours

Difference (%)



Latitude

Strong Positive Storm Effects!
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Electron density (x10%el/cm?)

G1 Minor storm in August 2019
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Latitude-Altitude-Ne @ 75°E Longitude

Pre-storm

Storm

Altitude

(a) 04 August 2019 (75°E)
0500 UT 0600 UT

600
500
400
300
200

100
600

500
400
300
200

100
600

500
400
300
200
100

0400 UT

0700 UT 0900 UT

"

1200 UT |

(b) 05 August 2019 (75°E)

Altitude

1000 UT 1100 UT

600
500
400
300
200

100
600

500
400
300
200
100
600
500
300
200 .

100
90 -300 30
Latitude

0400 UT
"

0700 UT

IS
Electron density (x10°el/cm?)

0900 UT

O0s.

1200 UT

o

-30 0 30

Altitude

1000 UT 1100 UT

O

0
90-90 -30 0 30 90-90 90

800

2019-08-05 G1 Minor Magnetic Storm

[Rajesh et al., 2020]

600

400 -

200 -+

(c) 75°E Pre-storm day
T

3

—60—-45-30-15 O

15 30 45 60
Magnetic Latitude

(d) 75°E Storm day

800

600 -

400 -

200

\

—60—-45-30-15 O

15 30 45 60
Magnetic Latitude



Magnetic storm (G5) on 10-11 May 2024

Storm Enhanced Density & PPEF
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Storm Enhanced Density & Plume structure seen by GIS showing field aligned enhancement of plume
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2017 Solar Eclipse using FORMOSAT-3/COSMIC 8 April 2024 Solar Eclipse
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2017 Solar Eclipse using FORMOSAT-3/COSMIC
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Summary

1. F7/C2 based GIS has shown prominent day-to-day variability of ionosphere

2. Day-to-day obs. are useful to see the vertical coupling (SSW & quasi 6 day
oscillation).

3. GIS has been applied to investigate 3 storms (G1, G3 & G5) showing peculiar
phenomena (positive storm, SED & plume).

4. GIS observes eclipse induced plasma depletions showing tilting depletion in
altitudes

Next: making real-time and adaptive grid GIS & assimilate commercial data
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Validation of the Ne-profiles
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GIS —validation using NICT SEALION network

GIS and lonosonde NmF2 GIS and lonosonde hmF2 (2019-2021)
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8 April 2024 Solar eclipse effects — depletion at lower heights

then extending to higher altitudes - from CY Lin

Lon:-120 Lat:050

600
400
.

Allitude

£ 600

100

Obscuration Obscuralion Obscuration Obscuration Obscuration Obscuralion

Obscuralion

Lon:-110 Lat:050
" . 100

50

Altitude

Altitude

16 17 18 19 20
utc
Lon:-110 Lat:035

800 100
% 600
=400 50
200 —
s 0

16 17 18 19 20
uTC
Lon:-110 Lat:030

18 17 18 19 20
uTc

Lon:-110 Lat:025

100

50

M Al .
16 17 18 19 20
uTtc

Lon:-110 Lat:020

800
§ 600 \
£ 400 50
200 s -
£ 0
6 17 18 19 20

Obscuration

Obscuration

Obscuration

Obscu

800
2 600

Lon:-100 Lat:050

S |
£ 400 i i
<

200

uTtC
Lon:-100 Lat:045

-

-
-
7 8 19 20
utc

Lon:-100 Lat:040

800

utc
Lon:-100 Lat:035

L 600

6 17 18 19 20

100

50

100

h 50

Obscuration

uration

SCH

o

0

100

Obscurati

Obscuration

ation

Obscuration Obscu:

Obscuration

Lon:-90 Lat:050

800
8600
E}
£ 400
< —
200 j—
6 17 18 19 20
uTC
Lon:-90 Lat:045
800
8600
3
£ 400
<
ZOOP—
i) 7 18 19 20
utc
300 Lon:-90 Lat:040
8600
2
= 400 —
200F" w—
16 17 8 19 20
utc
800 Lon:-90 Lat:035
g 600
3
=400 -
200 -
6 7 8 19 20
uTC
300 Lon:-90 Lat:030
600
= -
= 400
< - -/
200
16 17 18 19 20
utc
800 Lon:-90 Lat:025

T
2
@
2

2
@

Obscuratiocn

Obscur:

Obscuration

Altitude

800
8 600

£ 400

200

Lon:-80 Lat:050

Lon:-80 Lat:045

18 19 20
utc
Lon:-80 Lat:040

% 600 .
£ 400 150
200 —-— - =

% 17 18 19 20
utc
300 Lon:-80 Lat:030 iod
3600 =
2 150
£ 400 :
200 —
0
% 17 18 19 20
utc
Lon:-80 Lat:02:
800 on:-80 Lat:025
2600 3
S0l 0 M, %
Ty il .
200 —____-2 ! . 0
1% 17 18 19 20
utc
800 Lon:-80 Lat:020 o0
3 600
°
3
£ 400 L o
< F O
200 - * "
16 17 18 19 20

Obscuration Obscuration Obscuration Obscuration Obscuration Obscuration

Obscuration

Electron Density
10°

4




