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AB STRACT

A new era of study ing the ion o spheric space weather ef fects has come af ter launch of the in no va tive sat el lite con stel la tion,

named as Formosa Sat el lite 3 or Con stel la tion Ob serv ing Sys tem for Me te o rol ogy, Ion o sphere, and Cli mate (ab bre vi ated as

FORMOSAT-3/COS MIC or F3/C in short), per form ing a ra dio occultation ex per i ment ca pa ble of ob serv ing the global

ion o sphere three-dimensionally. This is the first time that a sat el lite con stel la tion pro vides in stan ta neously both the lower and

up per parts of the ion o spheric elec tron den sity up to the sat el lite al ti tude. With more than 2500 soundings of the ion o spheric

ver ti cal elec tron den sity pro files ev ery day, ion o spheric plasma struc tures over many con ti nents and most of oceans, where

ground-based ob ser va tion is lim ited, are now ob served con tin u ously. Im por tant ion o spheric re search top ics, such as space

weather ef fects to the ion o sphere, vari a tions of ion o spheric plasma struc ture and dy nam ics pro duced by so lar out puts, and

at mo sphere-ion o sphere cou pling pro cesses, can be widely stud ied and mod eled based on the three-di men sional ion o spheric

im ages con structed by the F3/C ob ser va tions. Af ter one year in or bit, a great amount of ra dio occultation soundings al low us to

con struct global ion o spheric maps to study the ion o spheric sea sonal ef fects and at mo sphere-ion o sphere in ter ac tions. Tak ing

ad van tage of the unique ness of dense global cov er age, the ma jor phys i cal mech a nisms of the two stud ies are given. For study of 

the sea sonal vari a tion dur ing sol stice, elec tron den sity im ages of the mid- and low-lat i tude ion o sphere show a clear

north-to-south asym me try which may be af fected by the sum mer-to-win ter neu tral wind. Mean while a sig nif i cant lon gi tu di nal

vari a tion at mid night is also seen in the sol sti tial sea son. An other in ter est ing re sult is the four stron ger equa to rial ion iza tion

anom aly (EIA) re gions lo cated at dif fer ent lon gi tudes. This four-peaked EIA struc ture may re sult from upward propagating

nonmigrating tides originated from troposphere. F3/C’s observation of the daytime four-peaked structure provides an

important evidence to support the proposed forming mechanism.
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1. IN TRO DUC TION

The ion o sphere is highly dy namic, show ing strong va -

riabil ity due to so lar ac tiv ity and at mo spheric con di tions.

The ver ti cal struc ture of the ion o spheric plasma is of in ter est 

to ion o sphere re search ers, since the ver ti cal elec tron den sity

dis tri bu tion is de ter mined by equi lib rium be tween trans -

port and pho to chem i cal pro cesses, and var ies sen si tively

when these two ma jor driv ers change. Un der stand ing the

re la tion be tween these phys i cal pro cesses and the as so ci -

ated elec tron den sity ver ti cal dis tri bu tion helps fu ture mo -

deling or pre dic tion of the ion o spheric struc ture un der va -

rious at mo spheric and so lar con di tions. In the past, ob ser -
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va tions of the ion o spheric ver ti cal struc ture rely on both

space-borne and ground-based ion o spheric ra dars, such as

ground-based ionosonde and top side sound ers onboard sa -

tellite mis sions. Cur rently, there are about two hun dred

stan dard ionosondes rou tinely re cord ing ionograms. Al -

though so phis ti cated in co her ent scat ter ra dars (ISRs) have

the abil ity to make mea sure ments from the ground to the

top side ion o sphere where is in ac ces si ble to ionosondes,

they are rather lim ited in num ber to about 10. Re cently, the

ra dio bea con, sat el lite-borne trans mit ter, of the global po -

sitioning sys tem (GPS) has been used to de rive the iono -

spheric to tal elec tron con tent (TEC). By ap ply ing an in ter -

po la tion and/or a model smooth ing on the de rived data

from thou sands of ground-based GPS re ceiv ers, a global

ion o spheric map can be con structed for study ing the hor i -

zon tal TEC struc ture of the global ion o sphere (e.g., Man -

nucci et al. 1998; Komjathy et al. 2005; Mendillo and

Klobuchar 2006). The ground-based GPS-TEC ob ser va -

tions, how ever, only pro vide two-di men sional ion o spheric

ob ser va tions but not ver ti cal elec tron den sity pro files. Al -

though com put er ized tomographic re con struc tion of the

three-di men sional ion o spheric struc ture can be achieved, it 

re quires a dense GPS re ceiver net work. The sig nif i cant

short com ing of the ex ist ing ground-based ob ser va tions is

the lim ited cov er age over oce anic ar eas and many of the

con ti nents such as Af rica, Cen tral and West Asia, and the

Mid dle East.  In the past, this short com ing can only be re -

deemed by sat el lite ob ser va tions par tially, and it was dif -

ficult to quickly yield a three-di men sional (3-D) global

coverage of ion o spheric ver ti cal pro files ob ser va tions si -

multaneously. A mul ti ple sat el lite mis sion ca pa ble of per -

form ing the 3-D ion o spheric ob ser va tion is then de sir able

and es sen tial to meet the above needs.

A pow er ful tech nique of us ing sig nals to de rive the

vertical pro files is known as the at mo spheric ra dio oc -

cultation (e.g., Hajj and Romans 1998; Schreiner et al. 1999; 

Hajj et al. 2000; Yunck 2002). The tech nique was first used

by the Mar i ner mis sions in ex plo ra tion of plan e tary at mo -

sphere in 1960s (Fjeldbo et al. 1971). The ra dio occultation

tech nique was not ap plied to the Earth’s at mo sphere ob ser -

va tion un til an ex per i ment sat el lite called GPS/MET in 1995 

(Rocken et al. 1997; Hajj and Romans 1998). Us ing a GPS

re ceiver onboard a low-earth or bit (LEO) sat el lite to re ceive

ra dio sig nal trans mit ted by GPS sat el lites at an al ti tude of

20200 km, ver ti cal dis tri bu tion of the at mo spheric/ion o -

spheric pa ram e ters are de rived. Fol low ing the suc cess ful

GPS/MET ex per i ment, sim i lar sat el lite mis sions, such as

CHAMP (Ger many), SAC-C (Ar gen tina), GRACE (two sa -

tellites, US and Ger many), and IOX (US), were car ried out.

How ever, these mis sions are mainly solo-sat el lite mis sions

which re quire more time to com plete global ob ser va tion

cov er age.

The Formosa Sat el lite 3 also named as Con stel la tion

Ob serv ing Sys tem for Me te o rol ogy, Ion o sphere, and Cli -

mate (ab bre vi ated as FORMOSAT-3/COS MIC or F3/C in

short), is a mul ti ple-sat el lite con stel la tion de signed to mon i -

tor the weather and space weather with its ma jor pay load, ra -

dio occultation ex per i ment (GOX) in stru ments that per form

the ra dio occultation ob ser va tion in both tro po sphere and the 

ion o sphere. Each microsatellite also has a tri-band bea con

(TBB) trans mit ter to per form ion o spheric to mog ra phy and a

tiny ion o sphere pho tom e ter (TIP) to ob serve the night time

ion o spheric air glow emis sion. The six microsatellite con -

stel la tion was launched into a cir cu lar low-Earth or bit from

Vandenberg Air Force Base, Cal i for nia, at 0140 UTC 15

April 2006. The con stel la tion was launched to the ini tial or -

bit at an al ti tude of 512 km, and 72° in cli na tion an gle. It will

take to tally about 16 months for con stel la tion to reach the

mis sion or bit at around 800 km al ti tude, 72° in cli na tion an -

gle, and 30° separation in longitude between each micro -

satellite (Cheng et al. 2006).

With the ra dio occultation ob ser va tions, ion o spheric

ver ti cal elec tron den sity pro files can be ob served glob ally

and ex pected to ob tain at least 2500 ob ser va tions daily. The

dense and global dis trib uted ion o spheric ver ti cal pro file

observations will po ten tially pro vide 3-D ion o sphere im -

ages to better un der stand the vari a tions of quiet-time ion o -

spheric struc tures and dy nam ics. This pa per will fo cus on

ap pli ca tions of the ra dio occultation ob ser va tions per formed 

by the GOX in stru ment and the pre lim i nary sci en tific re sults 

of ion o spheric stud ies. It is noted that ob ser va tions dur ing

mag net i cally dis turbed pe ri ods are ex cluded in the data bins. 

In sec tion 2, the 3-D ion o spheric im ages are uti lized to study

the ion o spheric sea sonal ef fects and in ter est ing night time

ion o spheric struc tures. Sec tion 3 pres ents re cently dis co -

vered lon gi tu di nal struc ture of the low-lat i tude and equa to -

rial ion o sphere. The lo cal time vari a tion of the unique lon -

gitudinal struc ture is first un veiled by the F3/C con stel la -

tion (Lin et al. 2007a). We sum ma rize the pre lim i nary ion o -

spheric re sults pre sented in this pa per in the sec tion 4.

2. THREE-DI MEN SIONAL ION O SPHERIC
IM AGES AND THE SEA SONAL EF FECTS

The ion o sphere ex hib its strong sea sonal de pend ence in

its plasma struc ture. The plasma dis tri bu tion in the mid- and

low-lat i tude F re gion is con trolled by both pho to chem i cal

and trans port pro cesses. Changes of the so lar ze nith an gle

af fect the photoionization pro cess of the ion o sphere and the

ther mal pres sure gra di ent of the neu tral at mo sphere. Ther -

mal ex pan sion of the neu tral at mo sphere oc curs in the hemi -

sphere with more sun light and re sults in trans-equa to rial

neu tral winds and changes of neu tral com po si tion. Changes

of the neu tral wind and com po si tion af fect both ion o spheric

trans port and pho to chem i cal pro cesses. Plasma trans port is

af fected by changes of field-aligned plasma flows pro duced

by neu tral winds through neu tral-ion col li sions, and strength 

of the E ´ B drift re sulted from changes of the ion o spheric
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con duc tiv ity (e.g., Fesen et al. 1989; Rishbeth 1998; Scherliess 

and Fejer 1999; Kil et al. 2006).

To ex am ine the global ion o spheric sea sonal ef fects,

Fig. 1 shows the elec tron den sity pro files at var i ous lat i tudes 

at 1200 (lo cal noon) and 0000 (lo cal mid night) LT (global

con stant lo cal time) dur ing July - Au gust 2006, months close 

to the June sol stice. Fig ure 1a shows lo ca tions of the oc -

cultation points col lected in the two month pe riod and the

associated ver ti cal elec tron den sity pro files are shown in

Fig. 1b. From Fig. 1b, the peak al ti tudes are gen er ally higher 

in the north ern (sum mer) hemi sphere, while the peak den sity 

is higher in the south ern (win ter) hemi sphere at 1200 LT (up -

per panel of Fig. 1b). At mid night, 0000 LT (the lower panel

of Fig. 1b), the peak al ti tudes are sim i lar in both north and

south, while the peak den sity is greater in the north ern hemi -

sphere. From Fig. 1b, the great est peak den sity ex ists in the

lat i tude range of ±20 ~ 10°N mag netic lat i tudes. The lat i -

tude re gion is the well-known equa to rial ion iza tion anom -

aly (EIA) re gion, which is the most prom i nent fea ture of the

low-lat i tude ion o sphere. The EIA elec tron den sity struc ture

ob served by the F3/C is the ma jor topic of this paper.

The equa to rial ion iza tion anom aly is pro duced by the

equa to rial plasma foun tain (Namba and Maeda 1939; Ap -

pelton 1946; Duncan 1960; Hanson and Moffett 1966; An -
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Fig. 1. (a) Lo ca tions of the occultation ob ser va tions at var i ous lat i tudes, and (b) elec tron den sity pro files at 1200 LT (up per panel) and 0000 LT (lower

panel) at var i ous lat i tudes dur ing July - Au gust 2006. Ob ser va tions at ±50 ~ 70°N, ±45 ~ 25°N, ±20 ~ 10°N, and ±5°N are de noted by blue, red, green,

and ma genta col ors, re spec tively.
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der son 1973; Balan and Bailey 1995; Balan et al. 1997;

Rishbeth 2000). The equa to rial plasma foun tain re sults from 

a day time east ward elec tric field that pro duces an up ward E

´ B drift which lifts the plasma to higher al ti tudes, from

where it dif fuses down along mag netic field lines to higher

lat i tudes cre at ing two ion iza tion crests on both sides of the

mag netic equa tor. There fore, the strength and po lar ity of the

zonal elec tric field would af fect the equa to rial plasma foun -

tain and the EIA mor phol ogy. Al though the equa to rial foun -

tain is the ma jor driver for pro duc ing EIA, field-aligned

plasma trans port pro duced by neu tral winds, and pho to -

chem i cal pro cesses pro duced by neu tral com po si tion ef fects

are also known to af fect the EIA struc ture sig nif i cantly, es -

pe cially dur ing the sol sti tial sea sons.

Fig ure 2 shows the in te grated elec tron con tent maps in a

global con stant lo cal time of 1200 LT at var i ous al ti tude

ranges from 150 - 200 to 400 - 450 km. At 150 - 200 km al ti -

tude range, the brighter elec tron den sity bands, sig na ture of

the EIA, are lo cated at around ±20 ~ 30°N mag netic lat i tude.

As the al ti tude in creases, the two EIA bands move equ -

atorward. Clear hemi spheric asym me try of the EIA bands is

seen be tween 200 - 300 km al ti tudes with some lon gi tu di nal

vari a tions which may be due to dif fer ences in mag netic dec -

li na tion, E ´ B drift, and neu tral winds in dif fer ent lon -

gitudes. At 300 - 350 km, the north ern and the south ern EIA

bands be tween 60 ~ 120°E geo graphic lon gi tudes are sym -

met ric. The EIA be comes weaker above 350 km and the

asym me try be tween the north and the south are less dis -

cernible.

Sim i lar to the Fig. 2, the global con stant lo cal time maps

of 0000 LT are shown in Fig. 3. The most in ter est ing fea ture

shown in Fig. 3 is the sig nif i cant lon gi tu di nal vari a tion seen

above 250 km al ti tude. Be tween -60 ~ 180°E geo graphic

lon gi tudes, stron ger elec tron con tent is seen be tween 20 ~

60°N geo graphic lat i tudes, away from the mag netic equa tor.

While be tween -180 ~ -60°E geo graphic lon gi tudes, the

stron ger elec tron con tent is seen around -10 ~ 20°N geo -

graphic lat i tudes, next to the mag netic equa tor, ex cept some

scat tered en hanced elec tron con tent seen around 30 ~ 60°N

geo graphic lat i tudes be tween -180 ~ -120°E geo graphic

lon gi tudes. It is in ter est ing to see that there ex ist two elec -

tron con tent de ple tion ar eas lo cated at At lan tic Ocean (-45 ~
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July - Au gust 2006. Each sub plot shows in te grated elec tron con tent be tween the 50 km al ti tude in ter val. 1 TECu = 1016 elec tron m-2.



0°E geo graphic lon gi tudes) and at Ara bian Sea be tween In -

dia and Mid dle East (45 ~ 90°E geo graphic lon gi tudes).

Both de ple tion ar eas are at around 0 ~ 20°N geo graphic

latitudes, close to the mag netic equa tor.

To fur ther ex am ine the vari a tions of the ion o spheric

elec tron den sity struc ture shown in Figs. 2 and 3, time-

 sequential cross-sec tion elec tron den sity dis tri bu tion at a

longitude me rid ian of 60°E geo graphic lon gi tude is shown

in Fig. 4. From Fig. 4, the EIA start to be seen at 0700 LT and

be comes stron ger and well de vel oped in the south ern hemi -

sphere. The north ern EIA crest is seen at 1300 LT but still

weaker than the south ern crest. The asym met ric EIA crest

de vel op ment is likely to be pro duced by the sum mer- to-win -

ter neu tral wind that brings plasma from sum mer (north -

ern hemi sphere) hemi sphere to win ter hemi sphere (south -

ern hemi sphere). This re sult is con sis tent with pre vi ous re -

gional GPS TEC ob ser va tion (Tsai et al. 2001), sat el lite

in-situ mea sure ment (Kil et al. 2006), and the o ret i cal mod el -

ing work (Lin 2005; Fang et al. 2006). Af ter 1100 LT, the

equa to rial plasma foun tain be comes stron ger and thus the

north ern EIA crest starts to be formed de spite the sum mer-

 to-win ter wind still ex ists. These un prec e dented de tailed

ion o spheric im ages are con structed by dense and three-

 dimensional global ob ser va tions of F3/C. De tailed dis cus -

sion of the bi-hourly im ages can be found at Lin et al.

(2007b). Fig ure 4 also shows that the elec tron den sity in the

south ern hemi sphere re duced sig nif i cantly af ter 1700 LT

due to smaller so lar ze nith an gle and de creas ing photo -

ionization. The EIA struc ture col lapsed at 1900 LT and the

re gion of higher elec tron den sity moves north ward where

sun light still ex ists. At 2100 and 2300 LT, the re gion of

higher elec tron den sity spanned around 15 ~ 45°N mag netic

lat i tudes, roughly cor re spond ing to 25 ~ 55°N geo graphic

lat i tudes. The den sity map at 2300 LT in Fig. 4 shows a de -

ple tion den sity area be tween 0 ~ 15°N mag netic lat i tudes (at

around 10 ~ 25°N geo graphic lat i tudes), which is sim i lar to

the lat i tu di nal lo ca tion of the de ple tion zone shown in Fig. 3

be tween 45 ~ 90°E geo graphic lon gi tudes. The de ple tion

zones shown in both Figs. 3 and 4 in di cate con sis tent ob ser -

va tion of this unique ion o spheric struc ture. Many of the pe -
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Fig. 3. Global ion o sphere elec tron den sity maps at a con stant lo cal time, 0000 LT, at var i ous al ti tudes ob served by FORMOSAT-3/COS MIC dur ing

July - Au gust 2006. Each sub plot shows in te grated elec tron con tent be tween the 50 km al ti tude in ter val. 1 TECu = 1016 elec tron m-2.



cu liar ion o spheric plasma struc tures seen in Figs. 2 and 3 are

fur ther shown in Fig. 4, show ing great de tails of the ion o -

spheric vari a tions in dif fer ent view ing as pects.

3. LON GI TU DI NAL STRUC TURE OF THE
LOW-LAT I TUDE AND EQUA TO RIAL
ION O SPHERE

Re cently, ion o spheric air glow ob ser va tions have shown

dis tinct lon gi tu di nal struc ture of the equa to rial ion o sphere.

The lon gi tu di nal struc ture is fea tured by four en hanced/

stron ger equa to rial ion iza tion anom aly re gions lo cated near

to re gions of trop i cal rain storms. This four-peaked or wave -

number four lon gi tu di nal struc ture of the equa to rial ion o -

sphere was first pro posed by Sagawa et al. (2005) us ing far-

 ul tra vi o let (FUV) 135.6 nm emis sion ob ser va tion onboard

the NASA IM AGE (Imager for Magnetopause-to-Au rora

Global Ex plo ra tion) sat el lite dur ing equi nox-to-early sum -

mer of 2002. They found that the fea ture could not be fully

ex plained by mag netic dec li na tion, mag netic field strength,

dis place ment of the mag netic equa tor from the geo graphic

equa tor, and em pir i cal elec tric field and neu tral wind mo -

dels. They pro posed that the east ward wavenumber three

(E3) di ur nal nonmigrating tide, ex cited from lower at mo -

sphere, prop a gates up ward to the lower ion o sphere and sub -

se quently af fects the E-re gion dy namo elec tric field may be

the pos si ble ex pla na tion. Later, Immel et al. (2006) and

England et al. (2006) su per im posed the global dis tri bu tion

of the night time equa to rial anom aly peaks in the north ern

hemi sphere ob served by the IM AGE FUV and the E3 non -
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within the two-hour in ter val dur ing July - Au gust 2006. Time marked in each plot is the cen tral hour of the two-hour in ter val.



migrating tide (rep re sented in neu tral tem per a ture) sim u -

lated by the Global Scale Wave Model (Hagan and Forbes

2002, 2003). The sur pris ingly good match of the four en -

hanced plasma re gions and the four-max i mum-tem per a ture

tidal sig na tures sup ports the hy poth e sis made by Sagawa et

al. (2005). The E3 di ur nal nonmigrating tide is ex cited by

la tent heat re lease in the tro po sphere. When view ing zonal

wind and tem per a ture am pli tude from the global con stant

lo cal time per spec tive (or sun-syn chro nize or bit), the E3 di -

ur nal nonmigrating tide ex hib its four lower thermospheric

or E-re gion max ima (e.g., Oberheide et al. 2003; Forbes et

al. 2006) at the same lon gi tude lo ca tions of the four strong

equa to rial ion iza tion anom aly (EIA) zones (e.g., Eng land et

al. 2006; Immel et al. 2006).

Al though above ob ser va tions have pro vided some ev i -

dence to sup port the hy poth e sis of mod u lat ing the E-re gion

dy namo by at mo spheric tides, those ob ser va tions, how ever,

are only lim ited to the night time pe riod when the E-re gion

has al most dis ap peared. Thus, it is ex tremely im por tant to

dem on strate that the four-peaked lon gi tu di nal struc ture ex -

ists dur ing day time when the E-re gion ex ist with strong in -

ter ac tions with F-re gion, in or der to sup port the hy poth e sis

made by pre vi ous stud ies. With the avail abil ity of the global

3-D ion o spheric ob ser va tions in both day time and night -

time, the FORMOSAT-3/COS MIC is, there fore, the ideal

suite of in stru ments to mon i tor ver ti cal elec tron den sity of

the four-peaked lon gi tu di nal struc tures and to fur ther un der -

stand the pos si ble cou pling pro cess be tween the equa to rial

ion o sphere and the nonmigrating tides of tro po spheric or i -

gin, or other pos si ble mech a nisms. Fig ure 5 shows the glo -

bal ion o spheric map at con stant lo cal times of 1400 - 1600

and 2000 - 2200 LT. The con stant lo cal time maps are con -

structed us ing sim i lar method of Figs. 2 and 3 by bin ning

mea sure ments from two months (e.g., Sep tem ber - Oc to -

ber 2006) of occultation data in a two-hour in ter val (or

hourly), and tak ing the me dian value of ob ser va tions lo -

cated in the same 2.5° - 2.5° - 1 km (lon gi tude-lat i tude-

 altitude) grid.

The four-peaked struc ture is most prom i nent at 1400 -

1600 LT dur ing day time and at 2000 - 2200 LT at night. It is

noted here that the altitudinal range of the day time four-

 peaked struc ture var ies at dif fer ent lo cal time. In gen eral, the 

four-peaked struc ture ap peared at higher al ti tude dur ing

day time than at night. A pos si ble ex pla na tion may be that the 

photoionization ex ists dur ing day time and the source of the

plasma en rich ment in the equa to rial ion o sphere is then not

only re ly ing on the equa to rial plasma foun tain ef fect. At

higher al ti tudes, due to rapid de crease of the neu tral atomic

ox y gen, the photoionization re duced sig nif i cantly and the

plasma foun tain ef fect dom i nated re sult ing in clearer four-

 peaked lon gi tu di nal struc ture at higher al ti tude dur ing day -

time. Two im por tant re sults are shown in Fig. 5. One of

which is the ob ser va tion of the four-peaked struc ture in

iono spheric elec tron den sity. It is the first time that the
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Fig. 5. Ion o spheric elec tron con tent in te grated be tween (a) 350 - 400 km al ti tude range at 1400 - 1600 LT and be tween (b) 300 - 350 km al ti tude range

at 2000 - 2200 LT around the Sep tem ber Equi nox, 2006. 1 TECu = 1016 elec tron m-2.

(a)

(b)



longitudinal struc ture of the elec tron den sity at var i ous al ti -

tudes is ob served. The air glow ob ser va tions de pend on the

layer thick ness, ab sorp tion, and vol ume emis sion rate, while 

F3/C di rectly ob serves vari a tions in elec tron den sity. With

this ad van tage, we are able to lo cate the al ti tude range where

the struc ture starts to be pro nounced. Lin et al. (2007c) has

dem on strated that the struc ture ap peared mainly above 250 km

al ti tude, around F-re gion height, at 2000 - 2200 LT in -

dicating that the struc ture is the F-re gion fea ture and re sults 

from F-re gion pro cess. The sec ond im por tant re sult is to

de m on strate that the four-peaked struc ture ex ists not only

at night but also dur ing day time when the E-re gion ex ists

and in ter acts with the F-re gion strongly. Lin et al. (2007a)

showed that the four-peaked struc ture starts to form at

around 0800 - 1000 LT and be comes prom i nent at be tween 

1200 - 1600 LT. The two im por tant re sults in di cate that the

F3/C ob ser va tions are con sis tent with the hy poth e sis of that

the four-peaked lon gi tu di nal struc ture is caused by lon gi tu -

di nal vari a tion of the plasma foun tain strength mod u lated by

the E3 nonmigrating tide.

4. SUM MARY

This pa per ad dresses the im por tance and ad van tage of

the F3/C in ob serv ing global three-di men sional ion o spheric

struc ture with six microsatellites per form ing ra dio occul -

tation. With the aid of the ion o spheric im ages, ion o spheric

vari a tions and dy nam ics due to sea sonal ef fects and the at -

mo spheric-ion o spheric cou pling pro cesses can be fur ther

un der stood. Move ments of the EIA crests show a clear sea -

sonal asym me try, which may re sult from in ter ac tions be -

tween the sum mer-to-win ter neu tral wind and the plasma

foun tain ef fect. Ob serv ing the four-peaked lon gi tu di nal st -

ruc ture in both day time and night time with al ti tude spec i fi -

ca tion pro vides sig nif i cant ev i dence to sup port the phys i cal

hy poth e sis of the struc ture.
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