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FORMOSAT-3/COSMIC Satellite Constellation

Transformative           
Atmospheric Profiling

15 April 2006
Vandenberg AFB
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FORMOSAT-3/COSMIC

Profiling the Troposphere, Stratosphere and Ionosphere by Radio Occultation
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FORMOSAT-3/COSMIC 
GOX Observation
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Equatorial Ionization AnomalyEquatorial Ionization Anomaly
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Low-Latitude Ionosphere is dominated by the 
electrodynamics

Plasma 
fountain

magnetic 
field line

A model simulated plasma fountain effect
starting in the morning and enhance to its 
maximum around noon
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Equatorial plasma fountain
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2007 M-month
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2007 J-month
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2007 S-month
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2007 D-month
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Ionospheric plasma cave/tunnel

Plasma cave
Plasma Tunnel

(a)

(b)

Liu et al. (JGR, 2010) 



14

EIA peak

Trough
Trough

Pole edge

Equator edge

Pole edge

FORMOSAT/COSMIC NmF2, M-month, 20:00MLT

MidMid--latitude troughlatitude trough
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FORMOSAT-3/COSMIC NmF2 Persudo-3D structure
Northern Hemisphere, M-month

lat ×height ×time: 2°×2km ×0.5hr
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Seasonal VariationSeasonal Variation
Northern hemisphere

Southern hemisphere
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Plasma Depletion BayPlasma Depletion Bay



19

Nighttime ionospheric structures, 23:00 LT (global fixed local time)
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Nighttime ionospheric structures: 3-D images

Plasma depletion bay
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Monthly variation of the ionospheric electron density 24:00 LT, 300 km altitude
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Southward

Northward



23

MidMid--latitude Summer latitude Summer 
Nighttime AnomalyNighttime Anomaly

Weddell Sea Anomaly
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June
December

Weddell Sea 
Anomaly

(Bellchambers and Piggott, 1958)
Ionosonde Observation

The Ionospheric Weddell Sea Anomaly

1. Stronger nighttime Ne than that during daytime

2. Discovered 50 years ahead of renewed observation by 
COSMIC

3. First glance of its vertical structure by COSMIC!  

Lin et al., 2009
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MSNA is the most significant nighttime ionospheric phenomena
Lin et al., 2010

Ne at 300 km altitude at 24:00 LT 
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June 2007 December 2007

: equatorward neutral wind

Ne(2200LT) > Ne(1400LT)   
- driven by equatorward meridional neutral wind

Lin et al., 2010

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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Development of the 
MSNA observed by 
COSMIC gives clue 
to disclose the 
underlying physics!

Neutral wind is the key driver 
for MSNA formation
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LithosphereLithosphere--Ionosphere CouplingIonosphere Coupling

Ionospheric conjugate effect
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2008/5/12 M8.0 Wenchuan Earthquake
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Earth

Geomagnetic field line

Seismo-generated E-field 
Field line mapped E-field

Field line projected E-field

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

Plasma drift

Seismo-generated E-field
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Epicenter Geomagnetic
Equator

Conjugate Point 
of the Epicenter

The 2008/05/06 afternoon 6 days before the Wenchuan Earthquake 
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TroposphereTroposphere--Ionosphere LinkIonosphere Link
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Recent discovered four-peaked longitudinal structure produced by atmospheric tides :
First reported by Sagawa et al. [2005] and Immel et al. [2006]

Newly discovered ionospheric feature at low-latitude

•E3 Nonmigrating tide produced by the latent heat 
excited by tropospheric water vapors
• Modulating the E-region dynamo and the plasma 
fountain

IMAGE FUV observation

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

Observe the northern hemisphere only



34

Recent discovered longitudinal structure produced by atmospheric tides :

Geographic Longitude ( °E)

G
eo

gr
ap

hi
c 

La
tit

ud
e 

( °
N

)

Integrated Electron Content  100−500 km

−180 −150 −120 −90 −60 −30 0 30 60 90 120 150 180
−50
−40
−30
−20
−10

0
10
20
30
40
50

Geographic Longitude ( °E)

G
eo

gr
ap

hi
c 

La
tit

ud
e 

( °
N

)

Integrated Electron Content  300−350 km

−180 −150 −120 −90 −60 −30 0 30 60 90 120 150 180
−50
−40
−30
−20
−10

0
10
20
30
40
50

TECu

0

2

4

6

8

10

12

TECu

0

1

2

3

(a)

(b)

FORMOSAT-3/COSMIC electron content observations: 2000~2200 LT
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Diurnal variations of the wave-4 structure during Sep.-Oct. 2006
Starting at 08-10 LT, strongest at 14-16LT, subsiding after 22LT 

Lin et al., JGR, 2008, 
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WVP/Specific humidity produced by COSMIC 
obs. and ECMWF  (courtesy of Dr. Jens Wickert 

f th GFZ)

Ionospheric Electron Content observed by F3/C

Meteorological Weather Effects to the Space Weather
Effect of the Atmospheric Tides to the Equatorial Ionosphere

Cartoon plot from CPEA

Lin et al., 2007
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Coupling from troposphere to ionosphere through atmospheric tides
- CAWSES TG4 Newsletter, Vol. 1, June 2010
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Solar WindSolar Wind--Ionosphere EffectIonosphere Effect
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Solar Terrestrial EnvironmentSolar Terrestrial Environment
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Coronal Hole
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43Academia Sinica, Taipei, Taiwan

Daily zonal mean electron density from FORMOSAT-3/COSMIC

2007 – 2008 (Solar Minimum)

400 km altitude 9-day 
period



44Academia Sinica, Taipei, Taiwan

Zonally mean Ele. density

Spectral peaks at 27, 13.5, 9, 7 
and 5-day periods

Sub-harmonic Solar Rotation

Zonally mean Ele. density

Spectral peaks at 27, 13.5, 9, 7 
and 5-day periods

Sub-harmonic Solar Rotation

Zonally mean Ele. density

Spectral peaks at 27, 13.5, 9, 7 
and 5-day periods

Sub-harmonic Solar Rotation
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Spectra of Helio-Geophysical Parameters

Absent

Mg-II Index

5 7 9 13 27



46

HT – Scale Height
More prominent at high-lat

hmF2 – F2 layer peak height
almost uniform globally

NmF2 – F2 layer peak density

opposite at high and low latitudes

Academia Sinica, Taipei, Taiwan



47Academia Sinica, Taipei, Taiwan



48Academia Sinica, Taipei, Taiwan
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(a) COSMIC observed electron 
density and Kp during entire 
year 2008.

(a) Spectrum analysis of electron 
densities and Kp shown in (a) 
indicating the 9, 13.5, and 27 
days ionospheric oscillation.   

Tulasiram et al., GRL 2010

Ionospheric Oscillation due to Periodic 
Solar Forcing – “Corotating Interaction 
Region” of the Solar Wind

Forcing of Solar-Wind Origin
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Ionospheric Solar Eclipse signatureIonospheric Solar Eclipse signature
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日全蝕日全蝕(Eclipse)(Eclipse)
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22nd July 2009 – Geo-magnetic Storm & Solar Eclipse Event
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Pre-Eclipse Period
Sun-lit region exhibits positive response

Eclipse Period
Sun-lit region exhibits positive response

Eclipse region exhibits a depletion in TEC

Post Eclipse Period
Sun-lit region exhibits positive response

TEC depletion is recovering
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Eclipse effect

Positive storm effect

42216 10 16 UT

Sym-H Index

TEC depletion due to Eclipse

GPS-TEC response over Chung-Li (24.91oN, 121.24oE)

Eclipse DayPrevious Day

Δ TEC

Eclipse Period
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Formosat-3/COSMIC Observations during Eclipse
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Formosat-3/COSMIC Observations during Eclipse
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Formosat-3/COSMIC Observations during Eclipse
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All F3/C soundings within the 20 - 100% of Eclipse
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Formosat-3/COSMIC Observations at nearby 
locations on 21st and 22nd July

At totality of Eclipse

difference
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Formosat-3/COSMIC Observations at nearby 
locations on 21st and 22nd July

After 1 hour of Totality
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Formosat-3 Observations at nearby locations on 
21st and 22nd July

Response to Storm without Eclipse
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1. Storm Effect

2. Eclipse Effect

Storm + Eclipse Effect

At totality of 
Eclipse

1 hr after the 
Eclipse pass

Storm without 
Eclipse

F3/C Observations of Storm + Eclipse Effect
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ConclusionConclusion
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.



69

敬請批評指教敬請批評指教 Thank you!!!Thank you!!!

太空所 ISS


