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ABSTRACT 

SpreadFonionogmms and scintillations of trans-ionospheric signals arise fkom an unstable strum of the 
ionospheric F- region occunhg predominantly by night. The two techniques were applied to two pairs of sites in 
~oaenearthe~cequator~theothernearthe~crestofequatoriaiioaizatioa anamaly.Atbotb 
pairsafsitesnosimilarityofthestatisticapatternsderivedfir<nnthetwotechnicIueswasfiwndeKcaptdun’ngsohr 
nwchmepoch. Attbemagneticequator,scintiWonandrYrgespreodFocau~yduring 
pnmi~paiodofequtnoxesamtincreasewithsolaradivity.Attbeanomalygest,scidilhtionocaurenceis 
gaaenllynrerlhmatthemagaetkequatorwithsomeexcept.ions. Poetmidnightscintilhtionrue,~’ 
summer, aad generally decrease witb increase insolaradivity.Ashikingfeatureisamo&tkreaae with&E 
activityataaomalyrrestbutanenomuxlsoneattheequator.ComparisonofspreadFoccumnce atIndiana3d 
~~locationssbow,unexpedediy,quitediff~~statistics.ThisisattribuOedtothediffcren 
magne& de&atioa angl@ at the two sites. 0 2003 COSPAR. Published by Elsevier Science Ltd. All rights reserved. 

INTRODUCl’ION 
The &pakal Spread F (ESF) won derives hnn a highly dynamic state of the destabilized nighttime 

cqopQriaiionaepbaematmaniEestsasphsma~~~insctrksizesofseveral~of~ 
fromafiwtensafcmstoafew~ofkms.ObseMttionaldaEBoameseirregularirins~ve,obviously,ccane 
~amultitudeofexperimentaltechniques.~most~ivedatabastderivesfnwlndudionofi~aml 
fkomobravationsofVHFscintUhn. Analysisduringthepastfizwdecadea~outthemorphological 
aspec&ofthediu.n&seasoMlaQdsolar cycle variations of spread-F (Ckmdra and Ra&ogi, 1972, Huang et.al, 
1987, Abdu et& 1998) and of scintillation (Basu et al, 1980, Rashgi, 1980, Aarons,1982, Path& et al, 1995) at 
difkWltloadiolls.satetlitebased ~wereusehlinm&3ta&&theglobalmoqhhgyforspecific 
seawmeaodsolara&ityconditions(KilandHeelis, 1998).MercompaEabilityoftbedifkre&dataisdesixableof 
cause.Tbecbrrnrderistics0fthecommoalyobservedVHFscintil~onassociatedwitfidifferenttypesofspresd-F 
-mngetypeandfiqncytype-secnanionogramsisanotherpoorlymhstood aspec&althghsomestudies 
exist(deMedei~~e~.al, 1983),wbilenewaspectsofspread-F&ass +preadFatFortakzaare 
emerging(MacDq#l&al, 1998).Inthispaper,thecharacteristicsofvHFscintillation~~attwolocoeians 
in~~stpdisd,olptnaLfthe~cequatorandtheothereeartbe~manalyaest,fwtheyears 
la87_89covainglowtohighsolaractivitylevelsaadare~to~-Fatcclrreepbadiagclaeby 
locatioqinordcrtotindouttheir~ility. Variatiomofspread-FforthesamepaiodattbeW 
maghcequtohls&tion,F~arecompandwithtlwseattkindisneqpatorylstatigKodsilumaltostudy 
~bebavioratmesewidelyseparatedl~andwithdifferentnragneticdeclinations. 
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RESULTS AND DISCUSSION 
Nocturnal, !kasonal and Solar cycle Variations of Scintillation Occurrence 

‘Ihe coordinates of the stations and the database used are summan ‘zed in Table- 1. 

‘able- 1 :Stations List and Parameters Used in the Study 
station Geogrsat. Geogr.Long. 2 Parameter measured Remarks 

TRIVANDRUM 7.8” N 75.8% o.& VHF scintillation from Coordinates are for 
(EQUATOR) FLEETSAT at 73”E 350 km subiamos. 

point 
RAJKOT 20.5w 70.2% 15.3”N 
(ANOMALY 71 2, 

CREST) 
KODAILANAL 10.2% 77.5% 0.8% Ionogram From published 
(EQUATOR) spread-F 
AHMEDABAD 23.1% 72.6% 18.6”N Scaled from 
(ANOMALY 7, ionograms or this 
CREST) 
FORTALEZA 3.905 38.5“W 3.5”s 
(EQUATOR) 7, 71 

In Figure 1 are shown the contour plots of percentage occurrence of scimihation of strength > 1 dR (3ti and 4’ 
columns)onagridofmcmthsvs.localtimefortheyears 19g7through 1989,duringwhichperiodtheanuualmean 
sunspotnumberincreasedfrom28to 158,themsuhsthusdemor&atmgthe~onseason,solaradivity 
ami latitude. At Triva&um (magnetic equator) in low sunspot year 1987, scintillation occurrence maximixes (40- 
50%) around 21 LT in the equinox months. In 1988 the premidnight equi~&I peaks gain in maguiu& 
(-70%) as the solar adivity &eases. However in 1989, there appears an inverted pattern with an emmuous 
maximuminJunewherelowestvaluesappearedin~yearsbefore.AclaseexanriaationrevealstbrtscintillPtian 
onsets get earlier in the high sunspot year. For example, the 3oo/o isoline ocum at -1830LT in 1989 while it is 
delayed to -1930 LT in 1987. 

At the anomaly crest stat@ Rajkot, scintillation occurrence remainsmuchsmalleraIlthet&.AshaRowlate 
nightm&mumisseeninJune 1987,withalmostno occurrence&therMons.Asthesohuadivity&reasee 
scintiMion activity also builds up with peaks -2O-30% duriug the premidnight hours of e&uo&al months of 
1988, and the summer postmidnight occurrence decreases. During the high sunspot year, 1989, eqiuo&l and 
December solsticial occurrence during premidnight period increases to-5O%audthe summer~remairts 
low(1O-20%)throughoutthenight.Thepattemsof1988arecomparableatTrivaudrumandRajkotAcona&able 
delay -1-2hrs~ybenotedbeaweentheonsettimesofscimdilhtionattheequatoraadarmnalycrestinthemain 
eqGno&JsciutiMcmseasoqthedelaydecmas@with iucmase ofsolar activity. similar de&y of -1-1.5 hrs was 
aotedbetweenonseltimesofsp~Fatequator~anomalycrestinBnzilianlongitudebyAbduetsl(2000) 
who related it to plasma bubble rise velocities. 
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Fig.2 Seasonal dependence of nocturnal vatiation of scintiilation occurrence for high and low solar advity at 
equator and anomaly crest. 

later times, if the radio signal propagation path from satellite to low latitude station intersects the irregularity 
region at F region heights, the elapsed time depending on the bubble rise velocities. For this to happen at 
Rajkot, the irregularities must extend to an altitude -700 km over Trivandrum which occurs only during 
topside plasma bubble events. The probability of such events is greater during equinoxes of moderate 
tohigh sunspot years. Thus the similarity of occurrence patterns during equinoxes of moderate Rz year at 
both locations, but with reduced amplitude -30% at Rajkot canpaM to -70% at Trivandrum, is in 
agreement with this reasoning. This reasoning applies even better to the high Rz year, 1989 in which the 
equinoctial premidnight peak has increased to -50% at Rajkat while it is -80% at Trivandnun. ‘Ibat means a larger 
part of bubbles reach higher altitudes over the equator (due to higher rise velocities and concomitant shor& time 
delays) &ring high Rz condition to be eE&ive in producing more sc&ilMion B atRajkot.‘n!usthe 
absence of scintillation at Rajkot during equinox and December solstice of 1987 ahbough it is present at 
TliWJdNmCanbelllldrrstood.‘lhepoStmidnightpeakinSUmmer over Rajkot is not likely to be related to plasma 
bubble phenomenon 

ScMUation and Spread-F Occurrence Comparison 
InFigure l,comp&ng theoccurrencecontaursofspreadFattheequatorialstationKodaika&2”d c&m@ 

with those of scintillation at TAvandrum (3’d C&WI) and spread F at anomaly crest statioq Ahmedabad (5* 
column) with scintillation at Rajkot (4” column) the compatibility of both techniques may be studied. This result is 
not conclusive however. At the equatorial location, the high and broad occurrence peak (NO%) of spread -F 
centered on midnight around the June solstice of 1987 is not associated with any corresponding feature in 
scintillation, the maximum ocaurenceofwhicharoundthistimeis-4O%.Thismayindia&thatthisspread-Fis 
&etoweakirregularitiescausingfrequeocytypespreadF,theprobabilityofwhichishigh~dthis((Cbandra 
sod Rastogi, 1972) ar~I of scale sizes not effective in scattering the VHF trans-ionoqheric signals. However, the 
ocunxxe of scintillation and spread -F have comparable magnitudes -40-706/o during pnzmidnight equinox when 
the probability of range type spread -F due to strong irnz8ularities is also high (Sastri et.4 1979) arxI they are 
effective in producing scintillations. In the high sullspot year 1989, spread-F shows high B during the 
premidnight period of equinoxes md a peak of comparable magnitude during the midnight- po&m&@& period in 
Junesolstice. ~eequinoctialsp~Fmaybedominatedbyrangetypewhileinsummer by~~~o; 1989withratherhighsolaractivity(butnotatallin 1987whenactivitywaslow)theoccumxe 
>ldBismore~~thanspread-F.Thismaybeduetothe~yhighcrprobabilityofplasmabubblegin 
thisseasonwhichextendtohigheraritudes.Thesetopsi&bubblesdop~~lationatVHFandevenGfiz 
frequenciesbutQnotinauencethelower~spread-Fechoes.Itisintenstingtonatethatin1988whenthe 
zotyo;ber is intermediate the spread F is more frequent, with similar equ&ctA premidaight patter as the 
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Comparisonof Spread F it Indian md Brazilian Longitudes 
WenowtumourattentiontoacomparknofspreadFonionogmms attheequa&alstations,Kodakuland 

Fortakz+ ( ld column) at Indian (75%) and Brazilian (38W) longitude respectively, but almoat on the dip equator 
thollghsituetedinthe~~andsoutheanhemispheres~velyandatratherdifferent~dec~n 
(4” at Kodak4 and 21” W at Fortal@, fix the years 1987 through 1989. The shiking contra& discemible 
f?omthisfigureatethat(a)spreadFoccurrence maximizesinthepnxnidnighthoursofequinoxesinItulian 
longitude while in the Brazilian longitude, the premitight ouuznce maximizesintheDecembersol!?tice(local 
summer),thisf~becomingmoreapparentasthesolaractivityincreases,(b)inJunesdstice~~is 
cwsidtrablyhighinthemidnighttopostmi~periodinlndiansectorwithadecreesiqgtreadwithincrraseaf 
solar activity. In Brazilian sector the premidnight occurrence in June solstice, al&a& umside&Iy less than in 
December soktice, shows an increasing trend with solar activity. We note that Sastri et al (1979) analyz& 7 years 
Of~baveahownthatrangespreadFoccurrenceatKodaikaaalmaximizesinpremidnigttthavsatceptduring 
June solstke of low solar activity years when it maximizes inpostmidnightperiod. Frequencyspreaddomktes’ 
post midnight period of both low and high s&r activities. Moreover, ChamIra and Rastogi (1972) fou: 
association between post sunset F nzgion height rise and range type spread -F and between predawn fkquency 
typespread-FandfbF2buildup,thusconfintlingthedominanceofrangetypeaod~~~spread-F 
during the pre midnight and post midnight periods respectively. Regard& the point (a) above it has been 
established(Abduetal, 1981)thatthemagnetic~linationphysanimportantrdeindecidingtBesprPad-F 
occumnceseason,whichoccurswhenthesmksettermkator and~cmeridkatagivenlocationaremost 
~i3@Ed.DpetOthelargeW~lllagneLicdecliaoti Onangle,cn&cl.l~aligmnentOcclusin~ksolstice 
at Bradim longitudes. At Indian longitude where the declination angle is close to zero such ahgament occurs in 
equinodial months, thus providing a first order explanation for the observed d dif%M in pre miduight 
range-F_ intheselon~~.Similarseasonaldifferenceshavebeenwtcdalsobetweea 
Huancayo (penr) and Fortaleza again due to magnetic declination efkt (Abdu et al., 1981,200O). We have not 
invest&&d in this work the association between scintillation and spread-F at the Brazil&u longkle. But it is 
appropristeto~lthat~~~ederiosetal(1983)hadinv~thisappedbasedonthe~for1978andfwnd 
that there is statistically very close relationship behrveen premidnight spread-F B atFortalenrandVHF 
sC&.illaxionatN&lint&ltbothshowpeakoUXrUMX inMarch,O&oberandDecembe.rmonths.Further,evenon 
acaseby~basisthereisverycloseassoci;rtionbetweenthetimesanddurationsofoccurrenceofthetwo. 

CONCLUSIONS: 
?he chmc&sh of scintillation occurence,viz.,itsnocbraalseasoaalandsolaractivitydepeadenceinthe 

Irtdianequatorialandlow~regionduringanascendingphaseofsolaractivityaredescribal.‘Ihismay 
become the starting point for developing a regional empirical model. Ouxmxce pa&In!? of VI-IF !k&illations 
weref;oundtobemoreoftendissimi~to~ofspread-Finionograms SUChtkitreSUttSOfthetWOtachniqueS 
camutbeinterc~gedorusedtoreplaceeachother. Also,spread-F occurrenceatthenragnctic(dip)equatoria 
~aasin~longitudeswerefoundtosbowno~~simihrity.Thismaybe~~toaneffedof 
magneticdeclination.Theassociatiorrrbetweenscintillatioqbottomsiderangeandfrequencytypesof~-Fon 
ionograms, andtheplasmabubble &ucture extending to topside are qualitatively descrii. 
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