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Comparati ve study of spread-F is made from the quarter-hourl y ionograms at Huancayo. near the magneti c equator and 
!3ogota. close to the anomaly crest region in the same longitude sector. The occurrence of equatori al spread-F is seen onl y 
du ring nights. preceded by very rapid rise of the F-Iayer close to the magneti c equator. Based on quarter- hourl y ionospheric 
data at a closely spaced chain of 8 stations in the A meri can sector th at operated during IGY . the occurrence of spread-F at 
low lati tudes is shown to be assoc iated w ith the post-sunset intensifi cat ion of the ioni za ti on anomaly. The ratio or/~F2 at 
Bogota (anomaly crest) to th at at Huuncayo (dip equator) shows sudden intensi fica ti on on spread-F days around 1900 hI'S 
LT. peak ing betwecn 2000 ~l1ld 2 100 hI'S L T and can be used as a precursor to predict sprend-F near the magneti c equntor. 
T he onset of spread-F at Bogotn. however. requires add itional conditi on of strong spread-F at Huancayo covering a wide 
range of altitudes and stro nger uplift o f the F-Iayer. There are indicati ons th at the verti ca l uplift veloc ity of F-Iayer between 
1800 and 1900 hI'S L T could be used to predict the onset of equatorial spread-F even at cres t. 

Introduction 
The occurrence of equatori al spread-F (ESF) is 

preceded by the rapid ri se of F_layer t
-
6

. From the 
electron density profil es obta ined from the true height 
analysis at Thumba7 and Huancay08 it has been shown 
that the whole of the F- Iayer is uplifted in the pos t­
sun set peri od with simultaneous increase in both the 
base and the peak of the F- Iayer. The semi-thi ck ness 
of the F- Iayer remains constant in thi s peri od. Elec­
tron densit y contours on altitude versus local time 
grid obtai ned by the backscatter radar at J icamarca 
also indicate the ri se of the whole of F-Iayer before 
the initi ati on of spread-F irregulariti es. 

Duri ng I G Y the tabulation of j;,F2 incorporated the 
sy mbol 'F' to indicate the uncertainties in the deter­
minati on of f,F2 due to spread-F. Based on the pub­
li shed j;,F2 data, occurrence of spread-F was studied 
and a belt of high incidence of spread-F centered on 
the magneti c equator and ex tending to ± 30"dip lati­
tude was di scovered'J·l o Abdu el 01. II made a com­
parative study of the ionograms at the eq uatoria l sta­
ti on Fortaleza (dip 3.50 S) and tropical latitude station 
Cachoeira Pauli sta (dip 26° S) in the Brazilian sector. 
It was found that all the spread-F events at Cachoeira 
Pauli sta were accompani ed by the occurrence of 
spread-F at Forta lcza, but the converse was not true. 

Also the onset times of spread-F at the tropi cal lati­
tude stati on were systemati ca ll y late r from that at the 
equatorial station . 

Cohen and Bowl es l2 interpreted the spread-F ech­
oes on ionograms at stations near the magneti c equ a­
tor aris ing due to the scattering from thin sheets of 
irregul arit ies ali gned al ong the geomagneti c fi eld 
lines . Calvert and Cohenl} ex plained the configuration 
of eq uatorial spread-F echoes on ionograms from the 
appropriate distribution of the scattering centers. 
Kingl4 suggested spread-F echoes due to the total re­
fl ecti ons from large tilted surfaces of ioni zati on . Sat­
ellite traces are associated with the off- ve rti cal refl ec­
tions from such tilts l5. The spread-F at tropical lati­
tudes was sugges ted due to the superimpos iti on of 
additi onal off-vertical h'-I traces from the patches of 
irregularities drifting from equatorial regions guided 
by the geomagneti c fie ld lines. 

The characteristics of spread-F on ionograms at 
tropical latitude differ very much from those at an 
eq uatori al stati on I ii . Spread-F echoes at a tem perate 
latitude station , Grand Bahama, start with additional 
traces near the penetration frequenc ies due to off­
verti cal echoes. With time these add iti onal traces in­
crease in intensity and in number and extend to lower 
frequencies g iving ri se to range spread l7 The temper-
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ate ty pe o f spread-F was suggested to ari se from the 

rel'lec ti on of radi o waves fro m th e ripples in the iso­

ioni c surfaces rather than from the sca ttering of rad io 

wa ves from plasma densi ty i rregu larities. 

M ulti - technique in ves ti gati ons o f ESF using ill silll 

rocket/satell i te measurements, V H F/U H F radar meas­

uremell ts. rad io sc intillati on and optical observa ti ons 

alld numeri cal simulati on stu d ies have greatly ad­

vanced our understand ing of the pheno menon of ESF 

(Recent rcv iews IR
-
2 1

). The generali zed Ray leigh­

Tay lo r instab ili ty , w hi ch inc ludes the elec tri c fi eld 

and neutral w ind terms along w ith the grav itati onal 

term. is considered to be the pri mary process for the 

generation o f in termediate sca le irregulariti es. Large­

scale plasma depl etions thu s generated ri se fast to 

cover entire F- region inc luding the tops ide. Steep 

plasma dellsity grad ients thu s generated are respon si­

ble for the generati on o f small er sca le irregulariti es . 

Higher the altitude to w hi ch plasma dep leti ons ri se 

Ilea l' the magneti c equator, farther is the lat itudinal 

ex ten t of ESF. The V HF scintillati ons recorded at a 

chain o f 20 stati ons in Indi a under A ICPITS showed 

sys temati c ti me delay in the onset ti me o f sc intill a­

tinn s at lati tu des away from the dip equator wit h 

maximum de lay of 2 h for Delhi
22

. 

Recent stud ies o f the electron densi ty profil es at a 

number of low latitude stati ons in the Indian and 

A merican long itudes have revealed an intensifi cati on 

of the equatorial ioni zation anoma ly in the pos t-sun set 

hours preceding the equatori al spread-F (Refs 23-25). 

Associat ion of the ioni za ti on anomal y and spread-F is 

further prov ided by the ionospheri c to tal elec tron 

content (NI:) ciata co llec ted at a network of station s in 

I lldi a during the ATS-6 phase II . On nights with 

strong spread-F, Nr was reduced at Ootaca mund and 
. I . I I ~6 H IIlcrease( at stati ons c ose to anoma y cres t- . ow-

ever. the studi es were based on measurements at .iust 

one station c lose to d ip equato r and one o r more sta­

ti ons in the ano maly cres t reg ion. 

I n the present paper, we have compared the struc­

ture of spread-F irregulariti es from quarter-hourly 

ionograms at the equato ri al station Huancayo and at 

Bogota situated near the cres t of ioni zati on anomaly . 

Ionm pheri c data at a c lose chain of 8 stations are used 

to examine the anomaly during spread-F and non­

spreacl-F clay s. 

2 Results 

The F- Iayer parameters , Ii' F and .r;,F2 for the net­

\Vork o f eight stat ions in the Ameri can long itudes that 

operated during IG Y are ex am ined first. Th e loca ti ons 

of the stati ons are shown in the map in Fig:. I . Th e 

map also shows the iso-clip allg le lines. In Fig . 2 are 

shown the co ntour p lo ts o f Ii'F and.r;,F2 d ra w n on the 

dip lat itude versus local time grid for 2 I -22 Api'. 1958 

w hen no spread-F was seen at equator ia l stati ons and 

25-26 Apr. 1958 w hen strong eq uatorial spread-F \Vas 

observed. On the non-spread-F day (2 1-22 April ), F­

layer rose after su nset w ith Ii' F more th an 350 km at 

equator ancl 300 km at o ther lati tudes . O n spread-F 

night (25-26 April ), h' F was more than 500 km near 

the clip equator and was around 300 k m at latitudes 

from 15" to 30"N. A not her notabl e c1i Ilel'cnu' I' in the 

time of max imum o f Ii' F. On spread-F days the 

max imum in Ii'F occurs around 2000 hI'S LT at all th e 

stati ons or the chain. On non-spreacl-F days, however, 

the max imum in Ii' F occurs arouncl 1900 hI'S LT close 

to dip equator, but w ith sli ght delay at stati ons aw ay 

from dip equato r. L ooking at the contours of.r;,F2 on 

non-spread F days, the max imum (15 M H z) is seen 

near the dip equator around 1500 hI'S L T. On spread-F 

night the max imum in f,F2 ( 19 MHz) was seen ncar 
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Fig. I- Map silow in g til l: gt.:ograpili c loca l ion, of tht.: c igill SI;I ­
lions Ihal operated during ICY period in lil ..: Ameri can longit ucit.: 
seclnr IThe dip angle is a lso Illarkedl 
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the dip latitude of 15" around 2 100 hI's LT. Thus, the 
large ri se of the F- Iayer in the post-sunset peri od at 
Huancayo was fo ll owed by a large concentration o f 
ioni zati on nea r the lat itude of Bogota. The post-sunset 
peak near the anomaly cres t latitude was different 
from the pea k around 1500 hI'S L T ( 15 MH z). 

The tempora l variati ons of " 'F at Huancayo and o f 
./:,F2 at Huancayo and Bogota on two consecuti ve 
days of 14 and 15 Apr. 195 8 are shown in Fig. 3. A 

rapid increase of " ' F is seen in the evening of 14 Apr. 
1958 w ith a va lue of 500 km around 20 15 hI'S LT. The 
large uplift or the F- Iayer at Huncayo is foll owed by 
the generati on of spread-F at Huancayo around 2 100 
hI'S L T and at Bogota around 2300 hI'S L T. On 15 Apr. 

1958 the F-Iayer ri se was small (lz'F reaching 350 km 
at 1900 hI'S L T) and spread-F was not observed at ei­
th er of the stati ons. It must be noted that on 14 Apr. 
1958 the ./:,F2 va lues at Huancayo dec reased rapidl y 
from 1800 hI'S LT to midnight, while increased at Bo­
gota in the same peri od. The ./:,F2 va lues at Bogota 
were hi gher than at Huancayo for the entire day . 

Co nt our s o f h' F (Km ) 

However, the difference is very large frolll 1800 hI'S 
L T to midnight. On 15 A pr. 1958, the ./:,F2 va lues at 
Huancayo were larger from about 0800 hI'S L T to 
1500 hI'S L T , but from 1700 hrs to 2300 hI'S L T the 
va lues were higher for Bogota though th e dilTerence 
is not more than 3 M Hz compared to about 10M Hz 
on 14 Apr. 1958. T hi s is becau se o f the smaller ri se of 
F- Iayer in the pos t-sunset peri od on 15 Apr. 1958 and, 
hence smaller upli ft of the pl asma from equatori al 
reg ion towards the anomaly cres t reg ion. Thus, the 
difference in the ioni zati on anomaly (or in the va ria ­
ti on o f./:,F2 at the two locati ons) is noted much bcl'ore 
the onset of spread-F at Huancayo. The rat io of j;,F:2 at 
Bogota to th at at Huancayo at 2 100 hI'S L T is about 
2.5 on 14 Apri l , but only 1.5 on 15 A pril. 

Simi lar pl ots fo r another se t of days for 27 , 2R and 
29 Jan . 1958 are shown in Fig. 4. A n abnormal in ­

crease of h/F was seen at Huancayo in the post -sunse t 

peri od of 28 Jan. 1958 w ith Ii'F reaching a peak va lue 
o f 600 kl11 at around 2 100 hI'S L T. The post-sunset 

increase o f I/F on other two days was much small cr 
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(375 km on 27 January and 400 km on 29 January 
both peaking at around 2000 hrs LT). The large ri se 
of F- Iayer on 28 Jan. 1958 resulted in strong spread-F 
at Huancayo starling at around 2000 hrs L T and at 
Bogota from 2 100 hrs L T. As seen in the earli er ex­
ample, .t:,F2 shows a large dec rease at Huancayo and 
increase at Bogota from about 1800 hrs L T to mid­
night with the difference more than 10 MH z on 
spread-F day in contrast to about 5 MH z on other two 
days . The rati o ofI,F2 at Bogota to that at Huancayo 
at 2 100 hrs LT is about 2.6 on 14 and 28 January but 
onl y about 1.5- 1.6 on 27 and 29 Janu ary. 

Few exam pl es of ionograms at Huancayo during 
the ni ghts of 27, 28 and 29 Jan. 1958 are shown in 
Fig. 5. On 27 and 29 January when the F-Iayer ri se in 
the pos t-sunset period was small , onl y weak spread-F 
echoes were observed at the base of the F- Iayer and 
the irregula riti es did not ex tend to hi gher altitudes and 
no spread-F could be observed at Bogota. On 28 Jan . 
1958, the spread-F at the base of the F-Iayer over 
Huancayo cx tended well throughout the layer and a 
number of strong scattering layers were observed. The 
base of the F- Iayer is almost at 600 km on 28 January, 
about 200 kill hi gher th an on 27 and 29 January. 

Some ionograms at Bogota during the ni ght of 28-
29 Jan . 1958 are show n in Fig. 6. At 2300 hrs LT 

so me additi onal off-verti ca l traces, the characteri stics 
of the trop ical spread-F were recorded, but the crit ica l 
frequency is clearly identi fied. These fea tures are not 
indicated as occurrence of spread-F in the routine 
sca ling of ionograms. These additiona l traces later 
increased in number and intensity, lead in g to strong 
tropical range type spread- F. The group retardati on 
effects are clearl y seen in the additional traces and, 
therefore, are due to regul ar off-verti ca l reflections 
from irregul arities in the iso- ion ic surfaces and no t 
due to the sca ttering. The characte ri stics of tropi ca l 
sp read-F are very different from those of equ atorial 
spread-F show n in Fig . 5. 

The ionograms at Hu ancayo and Bogota for the 
month of April 1958 were examined for the occ ur­
rence of spread-F and three sets of days were selected: 
(i) no spread-F at Hu ancayo or Bogota, (ii ) spread-F 
seen at Huancayo onl y and (iii ) spread-F seen both at 
Huancayo and Bogota . Number of days in the three 
groups were 19, 5 and 6, respec ti vely. The mean 
va ri ati ons of I/F at Hu ancayo and of j;,F2 at Huan­
cayo and Bogota for the three sets of days are show n 
in Fig. 7. Spread- F at Bogota was seen onl y on nigh ts 
when strong spread-F was present at Hu ancayo. The 
increase of h'F in the even in g was small (peak value 
about 375 km at 1900 hrs LT) on ni ght s wi th ahsence 
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Bogota 28-29 Jan.1958 
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of spread-F at both Huancayo and Bogota. On ni ghts 
when spread-F was present at Huancayo or both at 
H uancayo and Bogota, there was rapid ri se of F-I ayer 
with peak /z'F va lue reaching about 475 km at 2000 
hI's LT. The rate of increase in IL ' F between 1800 and 
1900 hI's L T is, however, different for the three sets of 
days. The vert ica l up li fts of the F-I ayer in thi s period 
arc 42 m/s on days with spread-F at both Huncayo 
and Bogota, 30 m/s on days wi th spread-F at Huan­
eayn onl y and 2 1 m/s on clays with no spread-F at the 
two sta ti ons. 

The va ri ati ons of J;F2 show that on nights with 
spread-F absent at both the stati ons, values at Huan-
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presenl onl y al Huancayo and (iii) spread-F p r~~ III al bOlh Sla­
li ons (The num ber of clays in t.:ach group are aisc incl ica lt.:d. ) 

cayo were un usuall y hi gh and at Bogola unusuall y 
low, suggesting a weak ioni za ti on anomaly on those 
evenings. The values of I ,F2 were lower on nights 
wi th spread-F at Hu ancayo and sti ll lower on ni ghls 
with spread-F at both stati ons. There \",e re abnormall y 
large values ofI,F2 at Bogota when spread-F was ob­
served at Huancayo or at both Huancayo and Bogota. 
The J;,F2 at Huancayo shows a fa ster decrease from 
1800 to 2000 hrs LT on days of spread-F at both the 
locati ons than on days with spread-F at Huancayo 
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on I y. Nelson el ({f. 27 showed that changes of /ifF at 
FOrlaleza and Caehoei r<l Pauli sta for the equinoct ial 
months did not show signifi cant differences in the 
variations on ni ghts when spread-F was seen on ly at 
equatoria l station or at both the equatoria l and tropical 
latitude stati on. Thi s sugges ts that the feebl e ri se of 
Ii'F docs not promote the growth of spread-F at low 
latitudes. Further, the large ri se of Ii'F with decrease 
ofj;,F2 at Huancayo and in crease at Bogota is associ­
ated with spread-F at eq uatorial or at both eq uatorial 
;lI1d tropical latitudes. 

The rati o ofI,F2 at Bogota to that at Huancayo for 
the three set of days during Apri l 1958 is shown in 
Fig. 8. For days with spread-F ab. ent at both Huan­
cayo and Bogota the ratio increases from a va lue of 
1. 15 at 1800 hrs L T to 1.48 at 2200 hrs L T and de­
creases to about I. 15 at 0300 hrs L T. However, for 
days with spread-F present both at Huancayo and Bo­
gota tile va lu e in creases from 1.36 at 1800 hrs L T to 
more than 2.20 at 2000 and 2 100 hrs LT and then de­
creases stead i I y to I. 15 at 0300 hrs L T. The val ues for 
the days with spread-F on ly at Huaneayo show almost 
similar pall cm, but the peak va lu e o/" 2.35 appears at 
2 100 hrs LT. Thus, whil e the rati o ofI,F2 docs not 
show much variation from 1900 to 2300 hI'S L T on 
days with no spread-F, it increases rapidly between 
1900 and 2 100 hrs L T on days with spread-F at both 
the stations or at Huancayo onl y. Thus, the rate of 
change of thi s ratio can be used to predict the onset of 
sprcad-F at Huancayo. 
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The ionograms recorded at both the stations were 
examined on nights with spread-F at Huancayo onl y 
or at both the stations. In Fig. 9 are show n few iono­
grams at Huancayo and Bogota on the ni ghts when 
spread-F is seen on ly at Huancayo or at both Hu an­
cayo and Bogola. On the ni ghts when spread-F echoes 
are absent at Bogota (8 and 16 Apr. 1958) weak scat ­
ter echoes are seen at lower frequency end of the 
ionograms. The Ii'F traces at hi gher frequencies were 
limited to the lower portion of the F-region and the 
bubb le had not risen to the top of the F-region eve n 
th ough there was an i ncrcase of Ii'F . On 12 and I] 
Apr. 1958 spread ec hoes at BogOla were recorded as 
additional traccs above first order Ii'F (race and the 
critical frequ encies were identifiable with reasonable 
accuracy. The corrcsponding ionogram s at Huancayo 
showed intense range spreading with numbcr of scat­
tering laycrs at differen t altitudes and the normal Ii'F 
trace was com pi etc I y obi i tcrated. The i rregulari ties 
covered the whole of the F-region at these times. 

3 DisclIssion 
Thc day-to-day va ri ability of equatorial spread-F is 

still not understood completely. Co mparati ve studi es 
of several ionos pheric parameters have bee n made in 
the past to differentiate th e patterns on spread-F and 

's non-sprcad-F days. Chandra and Rastogi-' showcd 
from measurements at Thumba that th e spread-F clays 
were marked by later reversa l of the F-rcgion drift s in 
the pos t- sun set period and higher rise of F-laye r. 
Si mi lar results were later reported from dri rt meas­
urements at Tiruchirapalli"9 Rapid soundings from 
SHAR during the equatorial spread-F campaign of 
October 1988 al so revea led that the later reve r. al of 
the elec tric ficld as determined from and hi ghcr ri se of 
F-Iayer were associated with spread-F days . The F­
layer rose to over 400 km on spread -F days and to 
300-320 km on non-spread-F days. 

From the true height ana lys is of ionograms at Ah­
medabad, Wa ltair and Koda ikalla lco it was shown th;lt 
the rati o of elec tron den sity over Ahmcdabad to that 
over Walta ir for altitudes 270 km and ]00 km show 
sudden enhancement (factor of 8-32) from 1800 hrs 
LT on days wi th spread-F presc nt. The enhan cements 
in th e rati o of J;,F2 shown in the present work come 
out to be betwcen 5 and 6 whcn tran slatcd into the 
ratio of the max i mum electron dcnsi ty. 

Sri dharan el a f.
lll ha ve show n from the bi­

di rec tional 630 nm day glow measurements made 
from Waltair that the ratio of the intensity along th e 
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130gola. 

directi on pointing to north to that along the direc tion 
pointing to south is a good precursor to predict 
spread-F. Pred ictions were successfu lly made 3 h 
prior to its on set as seen in the ionograms for rocket 
nighr1 1 during spread-F. Recentl y there have been 
some detai led studies on the day-to-day variability in 

equatori al spread-F in the Ameri can sector. M endillo 
el 0 1.12 have reported results from Multi-Instrumented 
Studies of Equatorial Thermospheric Aeronom y 
(MIS ETA ) campaign o f' September i 998. The cam­
paign involved neutral w ind measuremenis from high­
resolution Fabry-Perot interferometer (630 nm). all 
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sky opti ca l images at 630 nm and GPS observati ons 
01" phase flu ctuati ons (ESF activity) and total electron 
content (Appleton anomaly). From the 8 ni ghts of 
data the best available precursor ror pre-midnight ESF 
appeared to be the strength of the Appleton anomaly 
in TEC at sun set. On seven out of the 8 ni ghts ESF 
could be predicted from the anomaly strength . Val­
ladares el (d .·13 have compared the latitudinal profil es 
of TEC from 6 GPS receivers in south America on 
days of ESF and no-ESF (based on Jicamarca radar 
and sc inti lI at ion data) during the year 1998. Drastic 
increases of cres t va lues and sharp decreases near the 
trough were seen on ESF days. On no-ESF days, there 
ex ists almost uni fo rm decreases in TEC at all lat i­
tudes. The ESF events were characteri zed by hi gh 
crest to trough rati o and small trough values. 
Whal en .\~ has studi ed the interrelation between eq ua­
tor ial bubbles and anomaly. An array of II iono­
spheri c sounders located near 75" W longitude meas­
ured latitudinal profiles of NIllF2 for a period of 30 
days during equinox of so lar maximum. Out of the 30 
continuous days of observati ons 7 days were with 
macroscopi c bubbles at anomaly with bottomside 
spread-F (BSSF) at equator. On 10 days, strong BSSF 
was seen at equator, but macroscopic bubbles were 
not seen (lesser bubbles could have occurred). On 6 
days. weak BSSF was seen with no bubbles, whil e on 
7 days no BSSF or bubbles could be detected. Crest 
lati tude, cres t electron densi ty and poleward extent 
(therefore, the integrated electron density of profiles) 
all decrease in the order of decreasing spread-F. At 
2 100 hrs L T, the ti me of hi ghest lati tude of anomal y, 
crest latitude and magnitude show a linear relation 
above a threshold of 38x I 05 e1./cm3 and 15.4" dip 
latitude. This corresponds to a maximum drift velo­
city of 50 m/s. For all cases of strong BSSF and mac­
roscopi c bubbles the threshold limit of the vertical 
drift of 50 mls was noted . These results are consi stent 
with the observations reported here and further 
st rengthen the role of the electrodynamics and ioni za­
ti on anomaly in the onset of ESF. 

Thus. there are several parameters which can be 
used to predict onset of spread-F in the eq uatorial re­
gion. True hei ght analysis of ionograms is rather in­
volved and not eas ily acco mpli shed. However, f,)F2 
and h'F are sca led automatically from modern io­
nosondes and data from 2-3 loca ti ons can eas i ly be 
analysed for prediction purpose. Currentl y a chain of 
six digital ionosondes is available in India and a study 
to examine the reasibility of F-layer parameters to 

predict spread-F both in the equatorial and anomal y 
crest region is des irabl e. 

4 Conclusions 
It is concluded that the rapid lifting of the F-layer 

at the equator and strong anomaly are necessary con­
ditions for the generation of spread-F at equatorial 
latitudes. For the high solar acti vity period the thres h­
old for the /i ' F va lue during April is shown to be more 
than 400 km for American longitude sector. Verti cal 
drift velociti es (during 1800- 1900 hrs L T) on days 
with spread-F both at Huncayo and Bogota (c res t), on 
days with spread-F at Huancayo onl y and on days 
with no-spread-F were 42 mis, 30 m/s and 2 1 mis, 
respectively . The ratio of f oF2 at Bogota to that at 
Huancayo also shows sudden intensificati on around 
1900 hrs L T on ES F days (reaching a peak value of 
about 2.5 around 2000-2\ 00 hrs L T as com pared to 
\ .5 on non-ESF days). 
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