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AB STRACT

The Tiny Ion o spheric Pho tom e ter (TIP) on the Con stel la tion Ob serv ing Sys tem for Me te o rol ogy, Ion o sphere, and Cli mate 

(FORMOSAT-3/COS MIC) char ac ter izes the night time ion o sphere us ing 135.6-nm ra di a tive re com bi na tion emis sion. TIP

mea sures hor i zon tal struc ture of the ion o sphere with high pre ci sion and high spa tial res o lu tion. Lat i tu di nal, lon gi tu di nal, and

tem po ral dis tri bu tion of the night time ion o sphere is spec i fied. We pres ent a re view of ion o spheric ob ser va tions made with TIP

dur ing the first five months of op er a tion. Com par i sons are made with other ion o spheric sen sors in or der to val i date the TIP

ob ser va tions and to dem on strate TIP res o lu tion and sen si tiv ity per for mance. Equa to rial anom a lies ob served by TIP are

com pared with es ti mates of the E ́  B ver ti cal drift dur ing the post-sun set pre-re ver sal en hance ment in the Pe ru vian sec tor. Low 

lat i tude ir reg u lar ity struc tures ob served by TIP are com pared with mea sure ments from ground-based sen sors in clud ing:

im ag ing pho tom e ters, ionosonde, and UHF scin til la tion re ceiv ers. De tailed mea sure ments of low lat i tude den sity de ple tion

depth and width are pro vided. Global ion o spheric mor phol ogy ob served by TIP is com pared with sim i lar observations by

COSMIC radio occultation, and the GAIM model. The complexity of the underlying neutral winds is revealed by the TIP

ionospheric morphology.
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1. IN TRO DUC TION

The Con stel la tion Ob serv ing Sys tem for Me te o rol ogy,

Ion o sphere, and Cli mate (FORMOSAT-3/COS MIC) uses

the Tiny Ion o spheric Pho tom e ter (TIP) to char ac ter ize the

night time ion o sphere di rectly be low each space craft. TIP is 

a com pact, nar row-band, and ul tra vi o let pho tom e ter op er -

at ing at the 135.6-nm wave length (Dymond et al. 2000;

Kalmanson et al. 2004). This emis sion is pro duced by re -

com bi na tion of O+ ions and elec trons, which is the nat u ral

de cay pro cess for the ion o sphere. At night, the strength of

the emis sion is pro por tional to the square of the elec tron

den sity in te grated over the line of sight (Dymond et al. 1997).

The prin ci pal sci ence mis sion of TIP is to mea sure the

hor i zon tal struc ture of the nighttime ion o sphere. When the

hor i zon tal ion o spheric struc ture is mea sured with suf fi -

cient pre ci sion, it can be com bined with ver ti cal struc ture

mea sured by GPS ra dio occultations to re con struct high ac -

cu racy elec tron den sity dis tri bu tions in the ion o sphere. TIP 

is or ders of mag ni tude more sen si tive than its FUV pre de -

ces sors, such as SSULI, LORAAS, SSUSI, GUVI, and

IM AGE (Thonnard et al. 1999; Mende et al. 2000; Budzien

et al. 2002; Paxton et al. 2003), and pro vides re mark able de -

tail on ion o spheric struc tures un de tected by other FUV sen -

sors. A sin gle TIP pass pro vides a la titudinal snap shot of the

equa to rial anom aly and ad ja cent midlatitude ion o spheres

with 15 - 30 km spa tial res o lu tion, de pend ing on the al ti -

tude of the sat el lite. A se quence of passes maps the lat i tu di -

nal and lon gi tu di nal dis tri bu tion of the ion o sphere at a

given lo cal time. Once the sat el lites are dis trib uted into

sep a rate orbital planes, the com bined TIP passes will mon i -
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tor the hor i zon tal dis tri bu tion of the ion o sphere at sev eral lo -

cal times. This pro vides for the spe c i fi ca tion and study of the 

tem po ral evo lu tion of the ion o sphere.

This pa per de scribes some of the ion o spheric ob ser va -

tions made with TIP dur ing the first five months of op er a -

tion. Dur ing this pe riod the rel a tive sen si tiv ity be tween TIP

sen sors and flight mod ule num ber five (FM5) was es ti mated

by com par ing sen sors in the same or bital plane. FM1, FM3,

and FM6 data were ad justed to match the sen si tiv ity of FM5

by mul ti ply ing by the fol low ing fac tors, 1.1, 1.2, and 0.7, re -

spec tively. A 135.6-nm de tec tor sen si tiv ity of 600 counts s-1

Rayleighs-1 was used dur ing this pe riod. This sen si tiv ity is

sim i lar to the sen si tiv ity re ported by Dymond et al. (2009),

de rived from com par i sons with in co her ent scat ter ra dar and

ra dio occultation data. Sec tion 2 of this pa per de scribes ob -

ser va tions of the equa to rial anom aly in the Pe ru vian sec tor

and com pares these with mea sure ments of E ´ B ver ti cal

drift at the mag netic equa tor. Sec tion 3 de scribes ob ser va -

tions of low lat i tude ir reg u lar i ties and com pares these with

ground-based sen sors. Sec tion 4 fo cuses on the global mor -

phol ogy of the low lat i tude ion o sphere and com pares TIP

with other global data sets.

2. EQUA TO RIAL ANOM ALY

One of the most im por tant fea tures of TIP is the abil ity

to ob serve the equa to rial anom aly. A TIP pass over the ano -

m aly re gion ob serves pri mar ily the lat i tu di nal struc ture of

the anom aly. At the equa tor, 40° of lat i tude is sam pled in

about 10-min. Since the or bital in cli na tion of the COS MIC

sat el lites is 72°, this same 10-min pass also tra verses about

10° in longitude.

Fig ure 1 shows ex am ples of the equa to rial anom aly ob -

served by TIP over the Pe ru vian sec tor shortly af ter sun set

(1900 - 2100 LT). At this time of day the peak den sity of the

anom aly crests is driven by the pre-re ver sal en hance ment in

the E ´ B drift at the equa tor (Farley et al. 1986; Whalen

2004). Fig ure 1a shows the TIP ob served anom aly as a func -

tion of mag netic lat i tude in the Pe ru vian sec tor for day 256

(13 Sep tem ber 2006). TIP shows two well-formed crests at

±12° geo mag netic lat i tude, with a slight asym me try fa vor ing 

the south ern crest. The anom aly trough (near the mag netic

equ ator) is deep and shows ev i dence of struc tur ing, co in ci -

dent with bot tom-side spread F ob served by the digisonde

at Jicamarca, Peru. One hour ear lier, the ver ti cal plasma E ´

B drift at the equa tor was es ti mated to be 22 m s-1, us ing

changes in the height of the layer as mea sure by the digi -

sonde at Jicamarca (Bertoni et al. 2006). A ver ti cal drift of

22 m s-1 con firms the well formed anom aly ob served by TIP.

Fig ure 1b shows an over all weaker post-sun set anom aly on

28 May, which is con firmed by a weaker ver ti cal drift of

10 m s-1 mea sured an hour ear lier by the digisonde at

Jicamarca. The av er age crest mag ni tude is used when com -

par ing with the ver ti cal drift es ti mate of the pre-re ver sal

enhancement. And fi nally, Fig. 1c shows that when the

post-sun set pre-re ver sal en hance ment is ab sent (0 m s-1 ver -

ti cal drift), no anom aly crests are formed. These re sults show 

that the TIP ob ser va tions of the post-sun set equa to rial ano -

maly track the strength of the pre-re ver sal en hance ment.

3. LOW LAT I TUDE IR REG U LAR I TIES

An other im por tant fea ture of TIP is the abil ity to ob -

serve low lat i tude de ple tions and bub bles and the ion o -

spheric con text in which they form and evolve. TIP pro vides

suf fi cient res o lu tion and sen si tiv ity to ob serve these struc -

tures even dur ing so lar min i mum, when the ion o spheric

densities are low. From the park ing al ti tude of 500 km, TIP

observes a 15-km spot in the F-re gion ion o sphere. From the

op er a tional al ti tude of 800 km, the spot in the F-re gion is

30 km. TIP data is gen er ally in te grated over a 1-s pe riod.

Dur ing this time the ion o spheric spot moves about 7 km, due 

to the sat el lite mo tion. Thus, the data pro vides ad e quate spa -

tial res o lu tion to ob serve low lat i tude ir reg u lar ity struc tures.

With sen si tiv i ties in the hun dreds of counts s-1 Ray leigh-1,

even rel a tively weak low lat i tude struc tures are ob served at

so lar min i mum.

Fig ure 2 shows the TIP data for 14 September 2006, at

an al ti tude of 500 km over the west ern half of the Pa cific

Ocean from flight mod ules FM1, FM3, and FM6. These

space craft were in the same or bital plane, so they sam ple

very sim i lar lo cal times. To gether they pro vide a re gional

pic ture of the ion o sphere near 2100 LT. TIP sen si tiv ity to

vis i ble light is ob served on passes over the dense ur ban ar eas 

of Ja pan, but does not af fect the data over oceans and ru ral

ar eas. On this night, the low lat i tude ion o sphere was much

more de vel oped over the cen tral Pa cific Ocean than the
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Fig. 1. TIP ob ser va tions of the post-sun set, equa to rial anom aly over

the Pe ru vian sec tor on (a) 13 September 2006, (b) 28 May 2006, and

(c) 26 May 2006.

(a)

(b)

(c)



Guam sec tor. This is ob served by com par ing the in ten sity of

the 135.6-nm emis sion and the sep a ra tion of the anom aly

crests. Brighter crests and wider crest sep a ra tion im plies a

stron ger post-sun set pre- re ver sal en hance ment. In sta bil i ties 

reach ing the higher den sity anom aly crests are an tic i pated

to pro duce larger scin til la tion ef fects.

In ad di tion to the large scale (~4000 km) lon gi tu di nal

vari abil ity in the post-sun set anom aly, the data in the Ha wai -

ian sec tor shows tre men dous vari abil ity from one pass to the

next. Fig ure 3a shows the TIP data for this sec tor as a func -

tion of mag netic lat i tude. Even though the tracks of FM6 and 

FM3 are sep a rated by only 200 km in lon gi tude, the anom aly 

crests vary by nearly a fac tor of 2. Fur ther more, the north ern

crest of the FM6 pass and the south ern crest of the FM3 pass

show strik ingly sim i lar fea tures. Each shows a sig nif i cantly

re duced crest mag ni tude with a de ple tion along the equ -

atorward wall. Op ti cal data from Ha waii, south ward di -

rected and nar row field 630.0-nm data (not shown), con -

firms the pres ence of two de ple tion struc tures at this time

sep a rated by about 500 km. This im plies that the TIP ob -

served vari a tion in the crests is pri mar ily due to ir reg u lar ity

for ma tion and, by com par ing ad ja cent crest sam ples be -

tween FM6 and FM3, the breadth and mag ni tude of the de -

ple tions are clearly ob served against the back ground ion o -

sphere. TIP trav els along the de ple tions for about 6° and 9°

of mag netic lat i tude for FM6 and FM3, re spec tively. Given

the or bital in cli na tion of the sat el lites and the ori en ta tion of

the mag netic field lines, this im plies that the de ple tions are

100 and 160 km wide in lon gi tude, re spec tively. The mag ni -

tudes of the de ple tions are about 30% and 80% of the back -

ground ra di ance, re spec tively, when com pared to the ad ja -

cent anom aly crest. The third pass, FM1, is about 1400 km

west of the first two passes and also shows ev i dence of

struc tur ing.

Fig ure 3b shows the TIP data over the Kwajalein sec tor.

FM6 and FM3 pass east of Kwajalein about 1000 km,

whereas, FM1 passes about 300 km west of Kwajalein. The

ion o sphere is much qui eter in this sec tor, but still shows

some ev i dence for mi nor low lat i tude ir reg u lar i ties. FM6

and FM3 show re mark ably sim i lar anom a lies. These are sig -

nif i cantly less bright than those in the ad ja cent sec tor and

show mod er ate asym me try fa vor ing the south ern crest. The

anom aly un der FM1 is even dim mer still, but shows ev i -

dence of a de ple tion or two on the equatorward wall of the

north ern crest. This is con sis tent with ob ser va tions of spread 

F on the digisonde at Kwajalein and with mod er ate VHF

scin til la tion ob served from Kwajalein, which start around

0900 UT and continue for several hours.

Fig ure 3c shows the TIP data over the Guam sec tor. The

post-sun set ion o sphere is even weaker here than over the

Kwajalein sec tor, but still shows ev i dence of mi nor st ruc -

turing on the south ern crest of the FM1 pass over west ern

New Guinea. This is con firmed by the pres ence of mod er ate

VHF scin til la tion, which was ob served along a fixed line of

site east of Guam for only an hour start ing around 1230 UT.

Note at the equa tor the deeper trough in the FM1 pass com -
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Fig. 2. Map of ion o sphere over the west ern Pa cific Ocean on 14 Sep tem ber 2006 us ing 135.6-nm radiances from FM1, FM3, and FM6 near 2100 LT at 

equa tor.



pared to the FM3 pass and the FM6 pass, all at 500 km al ti -

tude. This is ei ther an in di ca tor of en hanced ver ti cal drift or

the pres ence of a de ple tion at the equa tor. The re gional map

of TIP data for 14 September (see Fig. 2) clearly shows the

vari a tion of the anom aly as a func tion of lon gi tude and sec -

tors where the po ten tial for scin til la tion is greater, but most

of the de tailed struc tur ing can only be ob served us ing the

line plots (ssee Fig. 3). By com par ing the struc tured sam ples

with es ti mates of the back ground ion o sphere, quan ti ta tive

es ti mates of the de ple tion struc tures can be pro duced.

TIP data over the Kwajalein sec tor was also com pared

with the 630.0-nm data from the allsky cam era on Roi

Namur. Fig ure 4a dis plays the TIP FM5 pass over the sec tor

on 17 Sep tem ber 2006 and shows an oddly shaped anom aly.

The sharply peaked north ern crest, broad trough, and sup -

pressed south ern crest are sim i lar to the fea tures ob served

ear lier on 14 Sep tem ber over the Ha wai ian sec tor (see Fig. 3a).

These fea tures are in di ca tors of ir reg u lar ity struc tur ing.

Figure 4b dis plays the track of FM5 su per im posed over the

allsky 630.0-nm image, pro jected to a 300-km al ti tude. The
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Fig. 3. TIP passes over the west ern Pa cific Ocean on 14 Sep tem ber 2006 from FM1, FM3, and FM6 over the (a) Ha wai ian sec tor, (b) Kwajalein sec tor, 

and (c) Guam sec tor.

(a)

(b)

(c)



allsky im age shows a se ries of de ple tions against the back -

drop of the north ern anom aly crest. FM5 be gins its jour ney

across the imager field of view in a de ple tion and di ag o -

nally crosses the anom aly crest be fore en ter ing the next de -

ple tion pole ward of the crest. This path through the area is

what pro duces the fea tures ob served on FM5. In or der to

ver ify this, the 630.0-nm data along the FM5 tra jec tory were

ex tracted from the im age and com pared with the TIP data

(see Fig. 4c). The ground-based 630.0-nm data and the

space-based 135.6-nm data agree re mark ably well. Both

show a sim i lar slope and peak of the anom aly crest, in clud -

ing the un du lat ing poleward slope. The 630.0-nm data has a

back ground lim ited sen si tiv ity of about 100 Rayleighs, so

the fact that TIP shows emis sions be low this level is not a

prob lem. It merely dem on strates that TIP is more sen si tive

than the all sky cam era. Over all the com par i son re veals that

TIP ob serves the anom aly and ir reg u lar ity struc tures with a

high de gree of sen si tiv ity and res o lu tion.

4. GLOBAL MOR PHOL OGY

Pre vi ously, passes from a few TIP sen sors in the same

lo cal time frame were used to dis play a re gional map of the

equa to rial anom aly and re veal its lon gi tu di nal vari a tion. The 

global vari abil ity of the anom aly at a given lo cal time can be

ob served by pro ject ing 24 h of TIP data onto a map. Fig ure 5a

shows the global lon gi tu di nal mor phol ogy of the anom aly

near 2100 LT 14 September 2006. The post-sun set anom aly

shows lon gi tu di nal en hance ments and de creases and lat i -

tu di nal asym me tries. These re veal the com plex ity of low

lat i tude ion o spheric driv ers, namely, the me rid i o nal and

zonal neu tral winds, and the re sult ing elec tric field at the

mag netic equa tor. The anom aly is en hanced in four sec tors

of the globe, spe cif i cally the Af ri can, In do ne sian, cen tral

Pa cific, and South Amer i can sec tors. Be tween these sec tors

the ano m aly weak ens in the west ern and east ern Pa cific sec -

tors and com pletely col lapses in In dian and At lan tic sec tors.

This global pat tern is re mark ably sim i lar to ob ser va tions

made by the IM AGE FUV sen sor at equi nox and at trib uted

to at mo spheric tides (Immel et al. 2006). These so-called

4-cell pat terns of non-mi grat ing tides, which arise from tro -

po spheric weather, drive thermospheric winds, which in turn 

drive the equa to rial anom aly.

Fig ure 5b shows the global 2100 LT ion o sphere spec i -

fied by the Global As sim i la tion of Ion o spheric Mea sure -

ments (GAIM) model us ing GPS ground sta tions, iono -

sondes, and top side elec tron den sity sen sors for 14 Sep tem -

ber 2006. Ver ti cal 135.6-nm emis sion was es ti mated from

GAIM us ing sim ple ra di a tive re com bi na tion rate at 1160 K

(Mel éndez- Alvira et al. 1999) with out neu tral iza tion and

scat ter ing terms (Dymond et al. 1997). GAIM 135.6-nm

emis sion shows a sim i lar 4-cell pat tern of en hance ments in

the ano maly, with clear en hance ments over Af ri can, In do -

ne sian, and South Amer i can sec tors. GAIM shows just a

hint of the en hance ment over the cen tral Pa cific sec tor, but

this is not sur pris ing, since ground-based data is sparse

over large ocean ar eas and the un der ly ing cli ma tol ogy may

not cap ture the 4-cell pat tern very well. GAIM agrees with

TIP in the At lan tic sec tor, show ing the col lapse of the anom -

aly, but does not show a sim i lar col lapse, merely a de crease,

Ob ser va tions of Ion o sphere Us ing TIP 231

Fig. 4. TIP and allsky imager ob ser va tions of low lat i tude struc ture over 

Kwajalein on 17 Sep tem ber 2006: (a) TIP FM5 135.6-nm ob ser va tion

of anom aly in Kwajalein sec tor, (b) 630.0-nm allsky im age pro jected to 

300 km al ti tude and track of FM5, and (c) com par i son of TIP 135.6-nm

data and allsky 630.0-nm data along the track of FM5.

(a)

(b)

(c)



in the anom aly mag ni tude over the In dian sec tor. This dis -

crep ancy is at trib uted to the spar sity of ground-based data in

the re gion and the un der ly ing cli ma tol ogy. Over the South

Ame r i can and Af ri can con ti nents, where ground-based GPS 

is more readily avail able, the agree ment is quite good.

GAIM does not have the spa tial res o lu tion or un der ly ing

phys ics to model ir reg u lar ity fea tures. This can be seen in

the Af ri can sec tor, where a sin gle TIP pass re veals a dra -

matic den sity depletion along the pass in the north ern ano -

m aly crest just west of the Green wich me rid ian.

Fig ure 5c shows the global 2100LT ion o sphere spec i -

fied by ra dio occultations from four COS MIC space craft in

the same or bital plane: FM1, FM3, FM4, and FM6. Oc -

cultations were re stricted to be within ±45° az i muth from the 

or bit tra jec tory. The re sult ing Abel in verted elec tron den sity

pro files and es ti mated ver ti cal 135.6-nm radiances are within

±50 min lo cal time of the TIP ob ser va tions. The ra dio oc -

cultation and TIP data show some sim i lar global ion o -

spheric fea tures. Ra dio occultations show the col lapse of

the equa to rial anom aly over the In dian and At lan tic sec tors

and they show that no col lapse oc curs over the Pa cific

Ocean. How ever, the more sub tle pat tern of en hance ments

and de creases over the Pa cific Ocean are not ob served in the

ra dio occultation data. Fur ther more, the ra dio oc cul tations

do not clearly re veal in di vid ual fea tures of the ano maly. The

crests and trough are not clearly de fined as they are with

TIP or even the GAIM model, which has a low hor i zon tal

res o lu tion sim i lar to the Abel in ver sions. This is not a ter ri -

bly sur pris ing re sult, con sid er ing that the Abel in ver sion as -

sumes spher i cal sym me try in the ion o sphere on the or der of

2000 km. Non-lin ear hor i zon tal gra di ents in the ion o -

spheric den sity or changes in the height of the layer over this

dis tance cause the Abel in ver sion to mischaracterize the

peak den sity and shape of the layer. In the vi cin ity of the

equa to rial anom aly, the in ver sion tends to un der es ti mate the

den sity pro file at the anom aly crests and over es ti mate the

den sity pro file in the trough and tran si tions from low to mid -

latitudes. In or der to dem on strate this more clearly, Fig. 6

shows a com par i son of the TIP data and ra dio occultation

data as a func tion of mag netic lat i tude. One day of TIP data
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Fig. 5. Global maps of 2100 LT ion o sphere on 14 Sep tem ber 2006 from: (a) 135.6-nm ra di ance from TIP sen sors on FM1, FM3, and FM6, (b)

135.6-nm radiance from GAIM model, and (c) 135.6-nm ra di ance from ra dio occultations from FM1, FM3, FM4, and FM6.



from three space craft in the same or bit show tre men dous

lon gi tu di nal vari abil ity and high res o lu tion lat i tu di nal de -

tails of the equa to rial anom aly. The data also show two noise 

is sues: ef fects of the South At lan tic Anom aly ap pear as

ramps in the south ern lat i tudes be low 30°S; and the sen -

sitivity to vis i ble light ap pears as spikes, when TIP passes

over ur ban ar eas at mostly north ern lat i tudes. An av er age of

the TIP data with mag netic lat i tude shows the mean global

anom aly for 2100 LT 14 Sep tem ber 2006, with av er age crest

locat ions at ±12° mag netic lat i tude and an asym me try that

favors the south ern crest. The ra dio occultation data show

lit tle ev i dence of any fea tures of the anom aly. The av er age of 

the ra dio occultation data shows a broad equa to rial mound

with no ev i dence of an anom aly trough or crests. Com par ing

the TIP and ra dio occultation av er ages in di cates that the

Abel in ver sions un der es ti mate the crests and over es ti mate

the trough and tran si tions from low to midlatitudes. It can be

ar gued that a sin gle day of ra dio occultations does not pro -

vide a suf fi cient sam pling of the global equa to rial anom aly,

and this may ac count for some of the dif fer ences be tween the 

TIP and ra dio occultation data. Mul ti ple days of ra dio oc -

cultations would pro vide im proved sam pling of the global

equa to rial anom aly and may help to con firm these ob ser -

vations.

The com par i son be tween TIP and ra dio occultation data

helps ex plain ear lier ra dio occultation val i da tion re sults

against ionosondes (Jakowski et al. 2005). Here, occul -

tations near south ern Eu rope sys tem at i cally over es ti mated

the den sity pro file; whereas, occultations near north ern Eu -

rope did not. Occultations from the tran si tion zone be tween

low and midlatitudes may have bi ased the com par i sons with

south ern Eu ro pean ionosonde sta tions.

This po ten tial trou ble spot for Abel in ver sions also

shows up in the es ti ma tion of ion o spheric peak height,

hmax. At the tran si tion from low to midlatitudes, the Abel

in ver sions can pro duce ar ti fi cially low peak heights. This

can be seen in Fig. 7, where post-sun set, peak heights re sult -

ing from Abel in ver sions on 14 September 2006 are plot ted

as a func tion of mag netic lat i tude. The av er age peak height

is also shown. The av er age TIP 135.6-nm ra di ance is super -

imposed on the fig ure in or der to show the lo ca tion of the

global, post-sun set anom aly. In the tran si tions from low to

mid lat i tudes, the peak heights are fre quently lower than ex -

pected. Here the ion o sphere at the tan gent point is rel a tively

weak com pared to the ad ja cent poleward edge of the post-

 sun set anom aly crest. Slant TEC val ues through the crest are

com pa ra ble to TEC val ues at the tan gent point. This causes a 

broad en ing of the TEC pro file and the Abel in verted den sity

pro file, es pe cially on the bottomside. Thus the height of the

peak den sity is ar ti fi cially low in these cases. This ob ser va -

tion helps ex plain ear lier ra dio occultation val i da tion re sults, 

where sta tis ti cal com par i sons with glob ally dis trib uted iono -
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Fig. 6. Com par i son of global ion o spheric data on 14 Sep tem ber 2006 as a func tion of mag netic lat i tude from: (a) TIP sen sor date and average

and (b) ra dio occultations and av er age with mag netic latitude.

(a)

(b)



sondes showed a sys tem atic neg a tive bias in the occultation-

 de rived peak height (Jakowski et al. 2002).

At midlatitudes, TIP 135.6-nm radiances are sys tem at i -

cally higher than the ra dio occultation-de rived radiances by

a frac tion of a Ray leigh (Fig. 6). Here the Abel in ver sions

are less prone to er ror, since there are fewer hor i zon tal gra -

dients. This sys tem atic dif fer ence has a cou ple of pos si ble

explanations. First, back ground emis sions from long wave -

length light may bias the TIP data. While the TIP de tec tor is

op ti mized for FUV light, it has some re sid ual sen si tiv ity to

lon ger wave lengths. At 250 nm the de tec tor sen si tiv ity is

down by three or ders of mag ni tude. The Herzberg ox y gen

bands (250 - 400 nm), which have been es ti mated to emit

225 Rayleighs at night (Meier 1991), could pro duce a back -

ground emis sion of a few tenths (20 - 30%) of a Ray leigh in

the TIP data, which ac counts for the sys tem atic dif fer ence.

Sec ond, other fac tors af fect ing 135.6-nm emis sion may

ac count for the low level dif fer ences be tween TIP ob served

radiances and the ra dio occultation-de rived radiances. These 

fac tors in clude elec tron tem per a ture de pend ence, charge

ne u tral ity as sump tion, neu tral iza tion and scat ter ing (Dymond

et al. 1997). Ini tial mod el ing of these terms sug gest that neu -

tral iza tion may be able to ac count for the dif fer ences be -

tween TIP and ra dio occultations at midlatitudes. At so lar

min i mum the ion o sphere is lower in al ti tude, which en -

hances the neu tral iza tion term. How ever, the mag ni tude of

this ef fect is not firmly es tab lished.

What ever the source of this er ror, com par i sons with

midlatitude ra dio occultation data can be used to mon i tor it.

Sim i larly, com par i sons with low lat i tude ra dio occultation

data and their Abel in ver sions can be used to cal i brate the

sen si tiv ity of the TIP sen sors, if a suf fi cient num ber of sam -

ples are ob tained. Dymond et al. (2009), de scribed an other

cal i bra tion tech nique, which uses ra dio occultation data.

This ap proach com bines an in-plane occultation with TIP

data over the low lat i tude re gion, and per forms a 2D re con -

struction of the elec tron den sity (Dymond and Thomas 2001). 

The sen si tiv ity of the TIP de tec tor and the bias of the ra dio

occultation to tal elec tron data are out put from this pro cess.

5. SUM MARY

TIP re veals the lat i tu di nal mor phol ogy of the night time

equa to rial anom aly with each pass over the low lat i tude re -

gion. TIP ob ser va tions of the mag ni tude of the anom aly

crests tracked es ti mates of the max i mum value of the pre-

 reversal en hance ment in the post-sun set, Pe ru vian sec tor.

The mag ni tude of the crests, their rel a tive asym me try, and

lo ca tion pro vide in sight into the zonal and me rid i o nal winds, 

which drive the lat i tu di nal mor phol ogy.

TIP pro vides am ple sen si tiv ity and spa tial res o lu tion to

ob serve low lat i tude ir reg u lar ity struc tures, even dur ing so lar

min i mum. De ple tions in plasma den sity were ob served over

the Pa cific Ocean and con firmed by in de pend ent ob ser va tions 

us ing ground-based sen sors, in clud ing imagers, UHF scin til -

la tion mon i tors, and an ionosonde. In ter pre ta tion of these de -

ple tions is some times com pli cated by the fact that TIP sam -

ples the de ple tions pri mar ily in lat i tude rather than lon gi tude.

Ad ja cent TIP passes were used to spec ify the back ground

ionosphere and pro vide a clear pic ture of the mag ni tude and

width of the de ple tions. Di rect com par i son be tween TIP and

the allsky imager at Kwajalein was used to val i date TIP ob -

servations of the anom aly crest and ad ja cent de ple tions.

Global com par i son of TIP data with ra dio occultation

data were made and serve to val i date the TIP data and re veal

a pos si ble cal i bra tion tech nique. This com par i son sug gests

lim i ta tions of the Abel in ver sions at low lat i tudes. The ra dio

occultations ap pear to un der es ti mate elec tron den si ties in

the crests of the anom aly and over es ti mate the den sity in the

trough and tran si tions from low to midlatitudes. At midla -

titudes the com par i son re vealed a low level (~0.4 Rayleighs) 

bias) bias in the TIP data, at trib uted to long wave length
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Fig. 7. Ra dio occultation ion o spheric peak heights from 14 Sep tem ber 2006 as a func tion of mag netic lat i tude, (solid line) av er age peak height, and

(dot ted line) av er age TIP ra di ance show ing lo ca tion of anom aly fea tures.



emis sions or pos si ble mismodeling of the 135.6-nm vol ume

emis sion rate. The com par i sons with GAIM val i dated the

global mor phol ogy of the equa to rial anom aly ob served by

TIP and re vealed lim i ta tions of the data cov er age and un der -

ly ing Cli ma tol ogy used by the model. TIP pro vides suf fi -

cient sen si tiv ity to ob serve the global ion o spheric mor pho -

logy dur ing so lar min i mum, when the ion o sphere is weak.

This mor phol ogy re veals the com plex ity of the zonal and

me rid i o nal neu tral winds, which drive the post-sun set equa -

to rial anom aly. The mor phol ogy ob served at equi nox showed 

a pat tern of anom aly en hance ments and de creases con sis tent 

with the non-mi grat ing tide 4-cell pat tern, which arises from

tro po spheric weather pat terns. TIP prom ises to be a valu able

as set for fur ther in vestigations into at mo sphere-ion o sphere

cou pling, the for ma tion of the night time equa to rial ano -

maly, and the de ve l op ment of low lat i tude ir reg u lar i ties.
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