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AIIS’I’RAC”J’

‘1’}w  Cil’S/Ml;’l’ cx}~erin~ent,  wtlich iiwd <i Ci}’S rccciver
in :i Iow-]ia(th o[-bit t[ac~ing tt~e G1’S in an occultation
g,e~lll~,try,  has Co]lcc(e,d thol)s:incls of occl]ltations since its
kWIIIClI  in ApI il of 1995. }iach occultation can be invcld
to give an cte.ctron (icilsi(y ~m]ijlc in tile ionosphere ,
tcmpc.rature  an(i pressure profiles in the Iowel nwsosphcm
strntos}dmc and uj)per Imposplm e, and water vapor
density Imofiles in the lower tro~)osl)hcre.

‘]’his  papct- gives a surnnlary of the ionospheric effect.$ on
tile G1’S/M1  i’1’ signal ancl examines solne of ttlc retrieved
electton density prollles. Wc exal[line the bending induced
by the ionos[he.re on the  occu l t i ng  sig,nal and the
tc.soltills sq):iratior]  of the two CI1’S links Coiles})onciinp,
to ttm I, I and l,2 phase signals. Wc also Cxallline the
alliplitudc scintillation caused by sharp layers at the
bot[oltL  of the. ionosphere. Wc briefly describes the Abel
inversion ]Ilethoci for obtaining tkm index of refraction ard
show several examples of electron clensit y profiles aIKl

con~parisom to [m)fllcs  derived flon]  the Pat:imetl id
]onosphet  ic Model (}’1 M) aid to incoherent scat tcr radm
rllc~lsltrettlerlts.

1-lN’1’ROI)[JC’I’ION

Since its launch in Aj)ril 199s, t h e  GPS/M[;rJ’
exj)c[ ir]wnt, which placed a Ci}’S  receiver in a Iow-}!ar-rh
otbi( tlackirlg  the GI’S in an occultation geolnctr;  , has
collected thousands of occultations. A si~abte  fraction of
[tmc  occtrlt:itions  have been analyzed to assess  the.
benefits c)f the GI)S radio occultation technique in the
areas of ionospheric and neutral atllmspheric  rentote
scnsi  rl~, find to reconlnwncl chau~,cs to futur c g,cner[ition
flight receivers.
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lip,, 1: Occultaliort ,georlwtry  defining a, r, a and the
tar~p,ent ~mint ard showing tllc seImmtion  of the 1.1 and 12

siglla]s  (IUC to [}]c  dis[wrsivc ionosptwrc

‘1’hc basic concept of t}lc G}’S radio occultation tcchniquc
is a sinlp]c one. When t h e  1,1 and 12 G1’S si~nais
pro~)agale.  tttrougl) the ljar[h’s a[nlosphcr-e  as the [il’S
satellite is setting or Iising with respect to a receiver in
low-l tartb orbit (Iig.  1 ] the sig[~als’ phase ancl an)plitudc
arc affectc41 in ways that arc chal actcristic of tile inrtcx of
relr’:ictiorl  of the propagating n)edia. Whcm the entire
sixnal is in ttlc ionosphere, (i.e. the tangent point is above
-60  ~rn) a single flquency  is sufficier(t  to obtain a
vcrlical ~)lolilc of the index of rcf[action in ttle ionosphere
fiolo which electron density can be derived. 1’o obtain
such a ~,tofrle, certain awuntptions regarding the
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I](M imntal variability of the in(icx of lelrac[ion ougi](  [O be
(I M({c. III the :\&.ence of any other ini’o(-ltlntiotl, a tirst-
otdei solution can be. obtained by assL]nling sphct ical
Synln)etly. l’hen, the i n v e r s i o n  mcttmi rciics o n
cstitltating [he. benciiag. of the occulting si~,!lal  whici~ is
dcrivc(i  f’IOIII  isolatiag the excess  IMppler  shift in(imxl by
tl~c atillosllherc.. I’hc in(iex ot’ Infraction is [I]crl (]CI iv~~l
f[otll bending via  an Abel inte. gtal transforln, ‘i’his
rl)cthoci  has been :ipplicci extensively in NASA’s planetary
occultation experinlcnts  [see e.g. I;je.i(lbo, 1971 anti I’ylcl,
i 987].  an(i was  inhelitcd froth  the arm of geoioxicai
nlal)pilig  of the lialth>s intct-ior. “i’hc S:IIIIC  tmhni(iuc  i s
niy)i ied when t he s igna l  pa s se s  ttlrcrugb the rtcutlai
aIIIIosl  JIc Ic (tatl:ent [mint below -60 ktn). ‘1’hc only
ciiflcwmce  is tha[ in this situation two Ilcquc.ncies :ut
nerLitxl to caliblatc fot- the crvcrlaying ionosphere  afKl
isoiatc the neutral at[llos~heric bencling, Once ttlc neutral
atlllosi~bcl ic rcflactivity (which is pmpolli(mai  to cicnsity
i]] the absence of watel- vapot) is obtaineci, the neLltltll
dcllsity  can be intc~iated  vct(ically  to obtain tlic ~MessuIc
at a give height, I’hc ideal gas law can then bc LISCCi to
cierivc tclnpcratulc as a fLinction of hci~ht. In the ptcscnce
01 si~nificant arttoLlnts  01 water vaimr  (such as in (he
iowcr t[opcrsl)bctc), incicIxmcient  terllperaturc (ia[a c a n  ix
uscci in or(iel [0 cicrive watel vajmr  cie.nsity.

‘J’lw (ictails of how the G} ’S/Mlil’ signal is caiib[atc-(i  in
orcicl to isoialc the atlnosphm ic cflccts  on tllc occui(ing
sigtlals a[c given elsewhere [l Iajj et al., 199 S]. SOII)C
C{lliy lCSLlltS of tcnlpcraturc  rcm ievais anti coll}parisoas tO
atlllospbcl’ic tnortels ancl radio soncics  ciellwnstrateci that
(il’S/M}il’ telllpelature.  profiles arc acculatc to better than
?K between -5-30 altitucies [Kursinski  et al., 1996a;  W.am
et al., 1996], Theoretical Cs(ililatcs  of tctlll)cratLllc
XTLI [ Xy achicvabic with tt~e Cil’S occultatiorl techt)ique
arc at the sLl[>-Ke]vin  ievci beiow 40 ~t[] dowt] to beip, ilts
w h e r e  si)ccific hutlii(iity  is nc:li:iblc [Ko[sinski et al.,
i 996 b], la the loiver-troj)c)sl)}~clc, the G1>S  occultation
ciata CaII  be useci to cicrive watet vapor by constraining tim
t(’IIIJ)Cl:ltUIL!  b:i$c(i on  a  nLlrilcr-iC:Ll Wcattlcr lllOCiC1. -i’ilc
acc Lwlcy obtairle(i (Ilis way is between S-50Y0 cic~renciing
orl season, Iatitucic ami he. ig}~t wi)ich  cie.firm the abunciance
oi’ water vapot [K Llrsinski  et al, 1995]. Another vatiablc
wilich  is very Liscfui to mcteorolop,ical and clirnatoio~ical
rnmiels is tim geo[)otential  iwight for a given prcsule.
icvcl. [;copotcntiai  hei~llts cicrivc{i  fronl  GI’S/N1l Ti’ arc
(icllmtls((atcci to be accLlrate,  to bettet than 2 0  tlletets
[i eroy i996],

I n  t h i s  ~]ai~er w e  cx[irninc solrlc  asl)cc(s of ttle laciio
occultation signai as i t  prcq)og:ite.s t}~tougil  t h e
ionosphere, la section ? we wili examine the benciing of
thc(;l’S  phases igrial:  indttlcs cpar:ltiollof the 1,1 anti 12
iinks in the ionospbcte.. In section ~ we wi]] stLldy the.
Cover-ase  of [he G} ’S/M}i’J’ anti cxarnine sonic. rctrieve4i
eiectlon cicnsity plofilcs, in tilis section we wiii also
cxanline the an~[]iitutle of the.  1,1 and 1,2 s i g n a l s  atd
(ie(iLlce  sc)llleillfor[llatic)rl  abo Llt sllaq)laycls  at (tie bot[orll
oftbc ionospbc~e,.

2- lINNI)ING  AN]) S](; NA], S] L] ’A]< A’I”]ON IN
I’IIV:  ](3NC)S1’II1:l<lC

lrl the ionosphere, the irlciex of rcffaction  for ttlc i>hase is
give by the A~?~~le[c)I~-}l:lr(lee forlIILlla  which can be
cx[mlcicci irlpowersofinvctse  frc(iucr]cyto  yicici

n = ] -  40.3x’~[’
f2

(1)
wilcre  )1 is the incicx of refract ic)n, )I,,is the electton ciensity
in n\-3 :il)(i~ is the operating freqLmncy in 117,, }1:.Iwci on
Sncli’s  law, the bcmiing  of tllc signai iocaily is i[i the
(iircction of the refractivity gr:Lciicnt, Irl a general m~i
allijroxilrmtd  sense, t h e  g{aciient o f  I-efractivity  in t}~e
ionosl)iwre  is iwintin~ upwar(i above the 1:2 nnd ciownwarxi
bciow the sanle pca~. ‘1’hmefore,  [i]c G1’S si~:n:, is w i l i
~,cilcr:ll IY berl(i upw[irci anti ciownwar(i above anti below tile
~:’2 peai r-esi)ectively. }lxalllirlin~ the hcn(iing  of the GI’S
1,1 sigrial  for 6 I (i} ’S/MI:l’ occultations that ta~e place
on May 4, i 99S, we obscl-vc the following featules [l~ig.
2]
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l:i~. 2: l}eading inciLweci by the ionosi)hetc ()(]  1,1 sisnal
for 61 F,lobaliy (iistribLltcd occLlltatiolls on May 4, 1995,

Nep,ative bcmiing  is (ieilneci to bc towar(i tllc l~ar ~tl’s
center.

l-’l’he.  tw.r\(iirlS  varies about two oICiers  of rrtagnitLicie
bctwcwn 0,0001-0.01 cie.grecs  (cannot be seen flom }’ig, 2)
(icpcnciing on tirllc-of-ciay  :Ln(i  gcogta[]hicai  locatiorl  of the
occLlltatioll consistent wittL variations of election (iensity
~Irof’i]cs  with the Sarlle variab[cs.  Since 1995 f:L]ls near a
Solzir-lllillirlll)ll) con(iitiotl, the largest bcnciing of fig Lll C 2
c a n  b e  a n  orcicr o f  rllagnitudc sllmlier t h a n the
Corlcs[)onciing  sc)l:lr-!l~:lxilllllrll  con(iition.
2-ri’he highest peak in bcll[iing which is associateci  with
tllc }1’2 lwak v:il ics in hcig}lt bctwccr] -?50.4f)(J ~IN wilich
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is consistent wilh ionos})hcr’ic  prolilcs at diffcrclll latiludes
and local tinles.
3-With negative bcnciing defined to bc toward t})c eal-[h.
the si~nal bends away lioni ( toward)  ttm IVu [h abovr
(I)clow)  well dclincd pcaim in ttw ionosphere such as the
I: I , 1 ~2 and the IJ, peaks. Since the tmndinp, of the signal
dcpcn(ls 00 the ,gIadicnt Of  the r~fractivity  (wtlich  is
vcr Lic:ll to first order), one cxpczts to see a chanp,c of sigti
in the bcndinp, 0( the tangent point snlnple througl)  a
peak
+1’hc largest absolute bending for this par[iculat  day is
--0.03  deglccs which cmcxponds  to the signal just
descending below the I ~-layer. ‘f ’he fact that the bcnclin~
imlLmd by the 11-iaycr  is Ialgcl than that of the 1;2 is duc
to the vm y short  scale of the Ii-1ayer which ma~es tlw
rcflactivity gradient lrrtgcst thcl”c.
5 -r]’here is very sharp variatiotl of bcrlcling which is
associated  with the Ii-1ayer,
6-?’hc tails at the botton)  end of all these cLlrves coincide
an[i statts to glow ill nm~oitucie (iLw  t o  t h e  neLltral
atll~osJd]cl ic bcociing which SUII  K tc) (iolnitla[c  at about 50
knl al[iludc.

‘I’l Ic Illost sti ikinx feature of these ciata is how sharp the
sig,liatutc is around  the IL- (or spomciic };-) layer, 1 ivcn
though CIctel!ninatirm of tim lntignitu(ic  o f  tim }i-pca~
clec[lon density might be. obscured ciue to the ovcr]aying
laycts (inversion of bcnrting to obtain electron (icnsity  will
bc ciiscusseci  in the next section) the he.igilt of silarl) };-
laycrs  can be dcterlninccl vmy accu ra t e ly .  ‘1’hc bcn(iing
dciived ff 0111 the time. dcr’iva[ivc of phase provides onc
piece oi’ illforlnation on the location of stlall)  layers in the,
iolloslll]crc. ‘J’he othct piece. of infol Illation can bc
obtainc(i f’ion]  exanlination  of tllc artlJ>litu{ie of’ tbc
rcceiveci phase whicil will be disc Llssed  in the nc. xt section.
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l:i~. 3: Illcctlon cicnsity retr icvd f[otn  occultation an(i tlm
coricslmnding  amount of I,1 anti I,2 signal  vmlical

separation

I{ending for I ,2 signal  is a factor  of I .65 (= squaw oi’ tiIc
ratio of I, 1 to 1,2 flcquencics)  larger (see I\q. ( 1 )). ~’his
ciispcrsivc natLlrc of the ionosphere caLlses the I ~ 1 aIIci 1,2

signals to travei  two slightly different paths and tl~eldorc

sattlplc diflk[cmt r e g i o n s  (sec.  };ig. I ). I’t]is causds [he

[anp,ent  points of ’  the two links to be at ciiffcrcnt  h e i g h t s

in [tic alilmpherc  at a specific tirllc. AssL!ll\in~,  si>hcrical
syrlllllctly of c.lcctron cicnsity anti pel-1’cmlling  the Abci
tlansfor[li,  the electron density profile aIId the hcigi~t of
tttc tan~er}t p o i n t  fit a lmrticLliar i n s t an t  duting t h e
occLlitatior) can bc soivcd  for. I:ig. 3 shows an cxalllple
of an elcctloo density retrieval otrtaincxi frolll G1’S/MIil’
for an occLlitatioo taking place near -6N latitucie and 22SIi
lonsitucic  amutl(i  20:OZl  (J’1’  o f  M a y  4 ,  1 9 9 5 . “1 ‘he
corles~m]tiing  local tirllc is 1 I :01. Also shown on the
ll~urc is the separation between tile 1. I anti I,2 tangent
points as a function of alti[Llcic. I n  tbc ncigbborhoocl ~~f
the li? peak, tim relative position of tlw two signals
cl]angc ciue to chatlgirrg  ctilec[ion of bcnciing, Above. the
JO peak, since the benciinp, is gcncr-ully Ll[WW (i, ttle 1,2

[all~cnt }min( will always bc lower that the 1,1, I’hc
situation reverses  when the signal tallgcnt pc)int is below
the }2 [wak.  };ot this p{lI”liCLll  Zll profile, the rllaxirnut)l
se;m atioli is of oicier 300 nmtets and it scales linearly
w i t h  ttlc altloLtnt o f  bcrlciing a signal experiences.
‘1’hertiforc, one can expect sc[m[ations  ttmt are two ot-ders
of rllap,llitLlclc stnallet (its seen with tile bcnciil~~,) or onc
micr  o f  rnagnitLldc Iarg,cr ciuring solar-  l]lax diay-titlm
I’}lcrc iscltlc []c)sitit’e  allciorlc  llcgatilfc  ir]lplication to this
sc[)aration.  I’hc positive implication is that tbc. sep; il-ation
Of tbc two signals can bc Llsed to cic.rl Lwc solr)e in fotnnation
on the hori~ontal variation o~ the ionosl)helc, ‘1’his is a
toI]ic which will beciiscLlssed Llndcr a sepal-ate pa[)c[”, The
negative irnplicatiorl is that in the neLltral atlnosphcrc,
whelc tile t\vo si~llals a!c ncxxlcxl t o  calitmatc for t h e
iorlc)s~)liclc, a bigger iorq)hcric residual will rcnlain in
tlw “tlcLlt[al atlllosphcric’> bcnciinS wbcl) the separal,ion of
tiw two signal is Iarg,e. in fact, urrlcss  a hi~her-mcici
cotlcc(ion is made to the signal, the iotlosl)hcl~  carl bc the
bip,gest  Iinliting cnor soLlrcc at altitucies above --40 kn]
dLl[ing  sola-max  Ciay-tirlle conditions [Kursir)s~i  et ai.,
IWoh],

z. . O(:CU1/’l’A’l’ION COVJtRAGIC AN])
IL1,IIC’I’RON  l) J! NS1’l”Y l’l<OJII1,  IN[;

A single antenna in a low-Iiarlh  ot&)it  (I ,1X))  ttackin}; Cil’S
with a 36(Y ftclci-of-view  will observe about 500” globa]ly
(listtit]Lltecl  c)ccLllt21ticl[ls  pcr ciay. I)LIC  t o  a  nar[owc.t  frclci-
of-vicwl of ttlc (il’S/MIi-l’  an t enna  (d 30”) an(i rncmmy
lilllitations o n  bcm-i  the sa t e l l i t e ,  on ly  100 -200”
c)ccLl]tatic)rls  ~)crclz{y  :irccollectecl f[ol[l the (iI’S/Mt~.”1’. A
rcptcsent:ltive covcragc  of ttlc occultations for one. day is
sl)own in Sun-f-lxeci coordinates in Fig, 4, w,tlcrc each line
corle.sporlds  tc)or~cocclilt:ltiorl  interscctirlg the ic)nosphcre
bctwccn 100-400k  rllaltitdc,

llcc:lLlsc ttlecovcf:t2c  is shc)wn as a function of sur]-fixc(i
lorl~itLl(ic  (()sLlrl-fixc(i l()rlgitu(lc cc)rlcs[)c)rlcls t() noon local
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[irnc), and the fact thrrt the occultations MC scat(erul
al {NInd tbc. 1,}S) orbit, the occultations arc cOnccntrate<i
around the ground hack Of’ the (i f) S/Ml {’l’ satellite. Al
ltlid- a[d low-latitLlde.  the 1.1{()  samplcx+ the irmos~~hcre  at
abo Llt the salnc latitude. and local tiilm for every I ,1X3
lcvolution. I’his local titm will preccss  slowly with [he
plccession  of the 1,Iio orbit. }~or GPS/Mli3’, it takes I 10
days for a lull prt’cession of’ the satellite; thelcforc, it ta~c.s
half of this pcriml to sanl[]lc  the Iiat th at all Ioc:ll times
lbi II}id- and low-latitLl(ic.  (JI tile ot}wr  hand, at high
lati[ude, the sanle 12 hour period is sampled for a given
hetl]isptlerc  (e .g.  in  l~ig. 4 t}le nor[hern  hen]ispherc is
always sample.ct  bc.twc.c.n noot I ard midnight local Iinle
wbclcas the soutbcl  II hcrl]isphctc i s  sa[npled  bc.lwcen
midnixht d noon local titnc). It takes half of the.
p cccs;sion pc[-iod to reverse the smllpling geolne.1[  y.

90 L l-, 1.–. i J

Sur).Fixed Longitude, deg

l:ig, 4: (i} ’S/Ml II’ covcra~e  in sLIn-fixe.d  coordinates in 24
hoLm,  May 4, l~~S.

‘1’hc wi(itll of the sprtad of occultations arourl(l the ] ,}IY3
tmck is detmnincd by the wicittl of the field-of-view of the
reccivins antenna and the dist:ince to the Iilllb, l;or a 730
kIII altitude satellite (such as GI’S/Mii’1”) tlm Iilnb is
atmut 3000 krr] away from t}~c satcl]itc. “1’his  illl{~lics that
tim tangent point C)f an occultation falls within a 3000 kiII

radi Lls from the satellite trajectory ciuring that occultation;
ttmcJorc,  se.ttin~: an up[wr lilnit on the width of the slncad
o f  occLllta~iotis aIoLInd t h e  1,B[) track t o  bc -~ 27
equatorial dcgwes.
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I’t]crcoccllr(crlce  oi”occl]lt:tlic) rlstlt nearby local times and
Iatitu(ics is illustratcci by strewing, the retrievals of fcxrr
equatorial occultations appearing at consecutive orbital
r e v o l u t i o n s  cacil taking place rreal- noon locai tirnc.
(rlhcse  fc)LlroccLllttltiC)lls  ctoss the circie in the rniddlc of
}:i~. 4.) The electron cierrsi[y  rctticvals (Llsing  the Abci
transfonrl) ‘arc shown in  }iig. 5 which inclicale.s  the
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l’ig. 5: l{xa[i}[,ics of ciect[on density J)rofiles  (drr+)
obtained fr-c)rll  (il’S/Ml~l’:tr] cl I’IM foreq  Llatoriai  ]a[i[LldC

at abo Llt the sa[lle. local tirlw.

ljor comparisons, profiles obtaineci from t}]c lormpheric
l’:it:\l[tetet i7ccih4c)clel (}’IM) (icrivcd wit}}  inpt]t palallwters
suilahlc  I’or tlw SaIIIe day are also shown, Sc)i])e o f  the
[[lain features to observe arc: (1) the ability to observe tbc
H-, l;l - atl(i}i2-layers that arecharaderistics  of rnici-  anti
low-latitude (iay-tinie ionosphere, (2) l’hc ability to
observe the evolution of tile ionosphere at the saft]c iocai
time an(i Irttitudc every -]()()rninutc.s (which is equal to
the (i I’S/h41Yl’  orbital period). ~ban~,cs wit}) tirrm also
lcilcct cll:l[lgcs ofrlltigtletic ciil]l:ititttcle (lltc to the rotation
of tbc liarlb, (3) Iixccpt for the far-kft profile, the 1’IM
rc~noci Lms IV {)cak  cierisitics and Ilcir,hts  t h a t  arc i n
rcawrnabic aSlcenwnt witil ttie GI’S/MIH’  retricvai. (4)
C(J]ll~Jar is()lls witt~t}leI 'Ih4isg  crlerailyt)ctter  below(hc
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l;2-peak than at the top-side. (5) ‘1’hc  ability of both the
model and the Ictlicvals to reprcxlucc [he sharp bottotll ot’
the ionosphm.  [Mm examples of G} ’S/ MI;l’ Ic[ricved
[,( ofiles are shown for high la(itucle b e t w e e n  ciusk :u~i
l]licinig, h[ local time. We note the Illoch lower l(?-peak
ilciy, h[, t h e  ainlos[ ciisappcamncc rrt’ ti~c. 1:1 -peak, t h e
rwcssicm of tile l;2-layer whc.te cmllpaled  to {he 1 ‘,-layelr.
allci tile. vt’ly l o w  peak cic. nsit.y nc.al rllicin igilt local tinle.
(fat -[i~,ht  figute). la c o n t r a s t  to (IIC eqLmKwial  ]mtiles the

con~parison w i(h  the. 1 ’ 1  M  IImciel a p p e a r s  to be nme

t’av(mablc  at the top-side than trclow the l;2-pc.ak.

III 01 dcI to assess the accuracy ot’ the ~TPSIMI  il’ ] ctricvals,
cwincicicnccs  of otlm types Of ciata such as ionmoncies  or
incohc[cnt scatkr ]-aclal (1S1<) with GI’S/Mlil’ occ Llltations
imvc. bc.cn scarchc~i for. 1’0 date, wc wcrr able to fr nci a
s i n g l e  1S1<  mcasorcment  obtain flom M i l l s t o n e  [lill
which coincided with an crccuitation  in space an(i time.
lii~. 7 (top) simws a G} ’S/M}~l’ profiie obtain on 1995-
h4ay-5,  0310 U-l’ with tangent points coordina[cs  around
42N an(i 2821;. C)II the sallic figutc is the 1S1{
Incasulenlent  of electron clensity obtained in t}m 320
micl oscconci pLllsc t IIc)cie of operation and obtai neci 20
]Ilinutcs  alkr the occultation. on  the bottom part of Iiip,.
7 is tiIc salIw (i} ’S/M}il’  pot’i}c  cmnpard  [0 several 1S1<
profiles obtained around tttc time of the occLlltation wit}l
the lSR operating at the 640 IIlictosc.collci  pulse IImcic.
Miiistonc }iill is locatcci at 4’2.6N and 288.51i which is
abo Lll 6“ east of t}w occultation iocaticrn,  It is cic.ar frolil
}~ip. 7 ttm[ ttlc occultation retrieval best matches the lSR
dala collcctcci at 034011’1’. ‘fT}m discrepancies between [he.
ISI< an(i tile occui(ation can be asctibed to sc.vcral factors,
incloding, lhc spatial anti temporal separation between the
occultation ami the lSR me.asurcments, cr[or  intrcr(iucmi by
tllc spimrical  symrnctry assunlf)tion when (ioin,g t h e
Ci}’S/Ml ;’1’ rct[ icval, anti error  in the 1S1{ ~ncasurelncnts.
It is c l e a r  ti)at  fLwther  cmnparisons  to groond trLtt}l i s
tIcO.itxl  for f u r t h e r  assess]  llcnt of the accLlracy of (i]c
occultation rctricvais,

}Jinaily in this section wc exar[line  some a[llplitude data
ot)tainmi f[olll G1’S/MIi’l’. l;ig. 8 s h o w s  tim fligt]t
Iccc.iver si~lml-twnoise  ratio of the 1,1 anti 1.? sip, nals for
foul diffclclll  occLlltations wlmc  tithe = O ccMIw,pon(is  to
the stal [ of high-rate at about 120 kin altitLl&, ‘1’hc
g,raciuai dcctc:ise of SNR starlirlg at aboLlt 30-40 SCCOIICIS  is

(iuc  to significant at[nos{hcric  bemiing  starting at about
ttlc tlo[mpaLlse.  As the sip, nal approaches the sur face, it is
significantly bent (up to - 1”) anti dC.fOCLISd  anti t-lnally
ciisajyw.ars. Neal-ly half of the OCCLlltfltiO1l ciisplays a
slnootil steady SNR while the sigtial  is in the ionosphere.
liip,ulc ‘8,(i is an cxalnplc  of such smooth SN}<. IIoivevcr,
a good l’lact ion of thclll (see l:ig, 8a, b arl(i c) show onc

or several shari) changes in SNR whieb  can bc attribLlted
to  silarp  layers  (c,~,  spo]a(iic  11) at  the.  bottonl o f  t h e
iollosldmre.  l’hat these scintillations are cause{i  by tile
iollos[)tlcrc  ard not the neLltral  atmosphere can bc SCCI]
from the fmct that the 1,2 SNR fiLlctuation is larger than
ttlat of 1.1, consistent with its lower catl-ier frcqLlctlcy,
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I:iS, 7: (k)nllmrisons of electron density profile
c)btained  fronl GI’S/M}13’  with coirlcicicnt

l{~casurell~c.nts  f(oln Miilstotlc }Iiil 1S1{.  Amur~ci tiw
time of occultation the 1S1<  opcratcxi  in two mo(ics,

the 320 psec poise mocic (to~) fi:urc)  an(i the 640
)(SCC pulse nlocie (botlorl~ figui c.).

‘1 ‘he electron derlsity  profiles obtairml frorll the phase ciata
via tile Abel inversion COI-[ csponding to ti~c occultations
of I’i~. 8 ate shown it) }ig. 9. l’i.g, 9a, b arl(i c
respectively show one, several anti two sharp Iayms at ttlc
bo[toni  of the icrnospherw Anotimr  possible inter ~mta[ioa
fol SOIIIC  of these sharp scintillations is that they alu
CaUSeLi by soil Ie st(uctulc  in the }( region rnissc(i  ciuc to
sLltl-satnJliing of the occLlltatior~  si~,r~al above 1 2 0  knl
(sar]~pic late wl,cn tangent point >120  k[n is 0,1 }Iz.). A
IImrc careful cxarnirlation of the 1,2 (iata arid the tilnc shift
bctwccn tl~csc. simr~l scintillations for the I,1 anti I 2 sip,rral
shoLIl(i  rc.soivc some of the arnbig Llity as to where along
tlm occLlltin2 link ttmse iolmspheric  irlcgularities  exist .
This will be. J)crfor[lml  in fLlture work.
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