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Equatorial lonization Anomaly




Equatorial plasma fountain
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2007 M-month

FORMOSAT-ICOSMIC Global FixUT MAP, M-month, 0000UT x 10°

a0 0 w0 60 90 120 150 18

NSPO




2007 J-month

FORMOSAT-3/COSMIC Globkal FixUT MAP, J-month, 0000UT x 107
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2007 S-month

FORMOSAT-ICOSMIC Global FixUT MAP, S-month, 0000UT % 10°
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2007 D-month

FORMOSAT-COSMIC Global FixUT MAP, D-maonth, Q0ODOUIT x 10°
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|l onospheric pI asma cave/tunnel
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Mid-latitude trough

FORMOSAT/COSMIC NmF2, M-month, 20:00MLT
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FORMOSAT-3/COSMIC NmF2 Persudo-3D structure
Northern Hemisphere, M-month
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Seasonal Variation

Northern hemisphere

MNorthern M-month Northern J-month MNorthern S-month
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Plasma Depletion Bay

NSPO



Plasma Depletion Bay observed by F3/C and TIMED GUVI

Nighttime ionospheric structures, 23:00 LT (global fixed local time)
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NSPO

Monthly variation of the ionospheric electron density 24:00 LT, 300 km altitude

Geographic Latitude (°N)

Electron density (Ne) on 300 km
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Southward
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Mid-latitude Summer
Nighttime Anomaly

Weddell Sea Anomaly




The lonospheric Weddell Sea Anomaly

50° 1. Stronger nighttime Ne than that during daytime
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MSNA isthe most significant nighttime ionospheric phenomena
Lin et al., 2010
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Geographic Latitude (°N)

Not only occurred in the Southern hemisphere but also in the North

- Categorized as the Mid-latitude Summer Nighttime Anomaly (MSNA)
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Lithosphere-lonosphere Coupling

lonospheric conjugate effect

NSPO



Latitude (°N)

Latitude (°N)

2008/5/12 M8.0 Wenchuan Earthquake

2008 05/09 1000UT Difference LLT Map

T T

.I T
“u,

‘.‘.L----.

50

40

w
o

n
o

-
o

o

L
o

150 160

1 L | 1 1 | | 1 1 1 |
80 70 &0 90 100 110 120 130 140
Longitude (°E)

2008 05/06 0800UT Difference LLT Map

170

T

ol
~,

Ve,

JESCT TN

50

»*

40

w
o

>}
(=]

-
o

o

4
o

-20

w

1 | | | 1 1 1 1 | 1 1 1 1

40 50 60 70 80 90 100 110 140 150 160 170

Longitude (“E)

120 130

NSPO

20

10

TEC (TECU)

20

15

10

TEC (TECU)

-10

-15

N)

Latitude (“

Latitude (°N)

2008 05/09 1700LT Difference LLT Map

20
50
15
40F
30 10
20
H5
10 S
L
HO &=
0 i
}_
H-5
-10
-20 -10
30 3 =
j 15
-40 :
1 L 1 | 1 | 1 | 1 | 1 ﬁl 1 /1/.'?‘ .20
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
Longitude (°E)
2008 05/06 1500LT Difference LLT Map
. 20
T T P Spe—— T =
50 LT e —W?Q b 1
~ ;
-
Sy 15
40 -
30 : 4 ®10
20 e
H5
LR =
10 “h, o A = S 3
> H / .. 3 > LU
T B C =
0 = - ] 8
|_
] H-5
-10 =]
o
-20 " AR Rl
-30 b 2 _
"\@M j -15
40 - o
1 L | L 1 1 1 I L | 1 @J 1 /‘[{’?‘ 20
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Longitude (“E)



Seismo-generated E-field

Geomagnetic flefd line

Field line mapped E-field

Seismo-generated E-field
Field line projected E-field

Earth

Field line projected E-field
Vertical projected E-field /-~
Field line mapped E-field

as a drift
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The 2008/05/06 afternoon 6 days before the Wenchuan Earthquake

Epicenter Geomagnetic Conjugate Point
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Troposphere-lonosphere Link




Newly discovered ionospheric feature at low-latitude

Recent discover ed four-peaked longitudinal structure produced by atmospherictides:
First reported by Sagawa et al. [2005] and Immel et al. [2006]

*E3 Nonmigrating tide produced by the latent heat
excited by tropospheric water vapors

» Modulating the E-region dynamo and the plasma
fountain

Observethe northern hemisphere only

IMAGE FUV observation

O 100 200 300
Brightrness, Rayleighs

Combined Radiative and Latent Heat Responses at 124 km
March Semidiurnal Temperature Amplitude (°K)

E3 non-migrating tide modeled by
global scale wave model (GSWM)
[Hagan and Forbes, JGR, 2002]
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Geographic Latitude ( °N)

Geographic Latitude ( °N)

Recent discovered longitudinal structure produced by atmospheric tides:

FORMOSAT-3/COSMIC electron content observations: 2000~2200 LT
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Diurnal variations of the wave-4 structure during Sep.-Oct. 2006
Startingat 08-10L T, strongest at 14-16L T, subsiding after 22L. T
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”'//' Meteorological Weather Effects to the Space Weather
o Effect of the Atmospheric Tidesto the Equatorial | onosphere

lonospheric Electron Content observed by F3/C

Integrated electron content 300-350 km TECu

- = E——
= —= i — T

Mesosphere Thermosphere/
Equatorial anomaly Ionosphere

Ozone layer

Electromagnetic phenomena i

WVP/Specific humidity produced by COSMIC _
obs. and ECMWEF (courtesy of Dr. Jens Wig

o — —




* Coupling from troposphere to ionosphere through atmospheric tides
- - CAWSES TG4 Newsletter, Vol. 1, June 2010
)
F-region ‘ ‘ ‘ ‘ .
(250-450 km) _ 1
o —==T L it L ]
élecirnn .density ‘ FUV @*1;5 6 nm neutral zonal wind
9 Lin et al.. 2007 Immel et al., 2096 Hausler et al., TW?
- . E-region

dynamo modulation

TIMED ®, SNOE
Local sirr-. = Oh . Iata!E _-’150 .

£ 140 !

- = .
MLT/E-region = :: o
(80-140 km) g s

100 £
Temperature (K} 180  -90 0 %0 180
Tuwvp [ | nitric oxide
Forbes et al., 2006 2> o 25 Oberheide and Forbes, 2008
Oberheide et al., 2005

“wave-4" < DE3

weather
satellites

tropical troposphere

deep convective clouds
ISCCP



Solar Wind-lonosphere Effect




Solar Terrestrial Environment

Artist Rendition of Solar Wind
Created by: K. Endo

Photo Courtesy of Prof. Yohsuke Kamide National Geophysical Data Center 40



Coronal Hole
SOHO-EIT (1996 — 2006) STEREO-EUVI (2007-2010)
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Daily zonal mean electron density from FORMOSAT-3/COSMIC

2007 — 2008 (Solar Minimum) ‘
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Spectra of Helio-Geophysical Parameters
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Corotating Interaction Region (CIR)

3{ Forcing of Solar-Wind Origin

lonospheric Oscillation due to Periodic
Solar Forcing — “Corotating Interaction
Region” of the Solar Wind

Geod. Lattuge

(a) COSMIC observed electron
density and Kp during entire

year 2008.
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densities and Kp shown in (a)
indicating the 9, 13.5, and 27
days ionospheric oscillation.

Tulasram et al., GRL 2010
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lonospheric Solar Eclipse signature
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FORMOSAT -3 PROFILES ON 22 JUL 2009
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At totality of Eclipse
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After 1 hour of Totality
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Response to Storm without Eclipse
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1. Storm Effect
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Conclusion

» FORMOSAT-3/COSMIC radio occultation GOX Is
useful to investigate the ionospheric electron

density structure and dynamics of the EIA, MT, and
MSNA, and find PDB.

» The F3/C Is useful to study ionospheric responses
to various coupling processes in the solar-terrestrial
system.
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