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On the relationship between geomagnetic activity
and spread-F configurations at Kodaikanal

by
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ABSTRACT. ~ A study 1s made of the seasonal and sunspot cycle trends in the effect of geomagnetic activity on the nocturnal occurrence

of spread-F configurations at Kodatkenal (Geo. Mag. Lat. 0.6° N, dip 3.5°N), using wonogram data for the period 1957-1963. It is
found that, 1n overall behaviour, the peak occurrence of range spread shows a systematic decrease with werease of Kp (upto a
value of 6) during D and E months. Such a trend in the peak occurrence of frequency spread is noticed only during E months. The
occurrence of range spread n the presunrise period is nearly independent of Kp during D and E nonths, while in J months it
1s relatvely more for frequent quiet to moderately disturbed conditions (Kp in the range 1 to §) compared to very quier and
highly disturbed periods (Kp 0 and above 6). A comparison of these and other features observed at Kodakanal with those at
Huancayo, reported recently, mmdicates marked differences in the seasonal and sunspot ¢ycle trends of the effect of geomagnetic
activity on spread-F configurations i the Indian and American equatorul yegions.

RESUME. — On a4 fait une étude des influences saisonniére et du cycle solare sur I'effet de l'actwite géomagnétique sur la fréquence
nocturne des configurations Spread-F d¢ Kodatkanal (Latitude géomagnénque 0,6° Nord, dip 3,5° Nord), en utidisant les donnédes
donogrammes pour la période 1957-1963. On a trouvé que, de fagon globale, la fréquence maximale de l'élargissement en étendue
montre une décroissance systématique avec l'augmentation de K p (jusqu'd la valeur de 6) pendant les mows D et E. Un tel effet dans
la fréquence maximale pour I'élargissement en fréquence n'est noté que pendent les mois £ L 'apparition d'dlargissement en étendue
avant le lever du solell est d peu prés indépendente de X, pendant les mois D et E alors que pendant les mois J elle est relativement
plus fréquente pour des conditions calmes d modérément perturbées (K dans la gamme de 1 d 6) par rapport d des périodes trés
calmes (K p = 0) et & des périodes trés perturbées (K p> 6 Une comparaison de ces caractéristiques et d'autres observées d Kodar-
kanal aver celles observées 4 Huancayo, publides récemment, montrent de nettes différences dans les influences smsonniére et du
eycle solaire de Ueffet de l'actvité géomagnénque sur les configurations Spread-F dans les régions équatonales Indiennes et Amé-
ncames,

Introduction which provide information on the type of spread-F

and hence a better insight into the phenomenon (e.g.

The morphology of spread-F (appearance of diffuse
Ueets on jonograms) at equatorial latitudes has been
::dgd by several workers since 1ts first identification

Uancayo ionograms by Booker and Wells (1938)
m’;ellent articles reviewing the status of the pheno-
ol on !lave been written from time to time (Clemesha

Wright, 1966 ; Farley et al 1970). The earlier

5, based on published ionospheric data, have
e 3 1°n_gitudina] effect in the seasonal and sunspot
ma(‘l;ssocnated occurrence patterns of equatorial

T (Rangaswami and Kapasi, 1969 ; Chandra

Stogi, 1970). A resourceful approach, that is
me‘ng_ adopted for synoptic studies of equatorial

V> 8 to make use of original ionogram data,

Skinner and Kelleher, 1971 ; Chandra and Rastogi
1972 ; Sastr1 and Murthy, 1975). It is well known that
spread-F on equatorial ionograms mostly manifests
jtself in two basic configurations namely, range and
frequency types (Clemesha and Wright, 1966). The range
type of spread-F is characterized by the presence of
spread either only at the low frequency end of the
F-ayer trace with clearcut foF2 cusps or over the
entire frequency range of the Flayer trace. The fre-
quency type of spread-F, on the other hand, is charac-
terized by the presence of spread only at and around
the critical frequency of the F-layer trace. Recent stu-
dies of spread-F configurations at Kodaikanal and
Huancayo have shown significant differences in the
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seasonal and sunspot cycle trends of the nocturnal
behaviour of range and frequency types of spread-F
m the Indian and American equatonal regions (Rastog
and Vyas, 1977,1978 ; Sastri et al, 1979 a, b).

It 15 known from earlier studies, based on published
onospheric data, that there 1s an mhibiting effect of
geomagnetic activity on the occurrence of equatorial
spread-F, whose influence was reported to be most
apparent duning the premidmght period of high sunspot
actwvity conditions (see references in Skmner and
Kelleher, 1971). We have recently studied the effect
of geomagnetic activity on spread-F configurations at
Kodaikanal by evaluating cross correlograms between
daily Ap and percentage occurrence {for the whole
night) of range and frequency types of spiead-F, for
each year from 1957 to 1963. It was found that the
occurrence of both range and frequency spread shows
a significant negative correlation with Ap but only dur-
ing periods of high sunspot activity 1 e.a marked sunspot
cycle trend was noticed (Sastri er al, 1978). The recent
studies, using f-plots, of Rastog er al, (1978) and
Chandra et al (1979) showed the nature of the mnfluence
of geomagnetic activity on the occurrence of range and
frequency spread at Huancayo to depend prominently
on local time and season. It is therefore felt desirable
to further examine the occurrence of spread-F configur-
ations at Kodaikanal in relation to geomagnetic activity
as a function of local time, season and phase of the
sunspot cycle. In this paper, we present the results
of such a study and highlight the strikingly different
nature, that became apparent from the study, of the
response of spread-F configurations to geomagnetic
activity in the Indian and Amerncan equatorial regions.
The effect of geomagnetic activity 1s inferred by examun-
1ng the variation of the occurrence of spread-F configur-
ations with the geomagnetic disturbance mdex, Ap

Analysis

Quarter-hourly 1onograms for the period 1957-1963,
which encompasses years of high (1957-1959, mean
Rz =177), moderate (1960-61, mean Rz =83) and
low (1962-1963, mean R =33) sunspot acuwity,
constitute the basic data for the present study. Iono-
grams for each nmight over the seven year period have
been carefully exammed and the type of spread 1s noted
down as and when it occurred. In an earlier study of
spread-F configurations at Kodakanal for the period
1957-63. 1t was noticed that the occurrence of range
spread shows a prominent peak around 2030-2230 hrs
I 8.T (Sastr1 et al, 1979 a). To examine the effect of
geomagnetic activity as a function of local time, the
percentage occurrence (defined as the ratio of the
number of jonograms exhibiting spread-F to the total
number of ionograms examined,multiphed by 100) of
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range spread 1n the mterval 2030-2315 hrs LS.T apg of
frequency spread m the mterval 2330-0215 hyg 187
have therefore been evaluated for each night, Fl’om.t "
material, the seasonal and sunspot cyclk trends
studied by clubbing the data according to seaspp and
level of sunspot activity and obtainmg the mieay er.
centage occurrence of either type of spread-F for the
different Kp groups. The seasonal groups of monthg
adopted are D (November through February)
(March, April, September, October) and J (May thIOLgh
August) months. The occurrence of range spread th
presunnse period (0230-0515 hrs IS.T) in relatiy,
to Kp 1s also studied 1n a simular manner to faciltyy,
a comparison with the behaviour at Huancayo, whey
a conspicious positive effect of geomagnetic activity
was noticed by Chandra ez al (1979)

Results and discussion

In Figure ! are shown the seasonal patterns in g
variation of the mean percentage occurrence of Tang:
and frequency spread with Kp, averaged for the entip
period 1957-63. The error of the mean values a
mdicated in the figure by vertical bars. It can be cleary
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gen from Figure 1 that during D and £ months. the
ocaurrence of range spread (2030-2315 hrs) shows
5 systematic decrease with increase of Kp upto a value
£ 6. The occurrence shows a tendency to increase
with further increase of Kp but only during E-months.
An mhibitng influence of enhanced geomagnetic activi-
on the occurrence of frequency spread (2330-
0215 hrs) 1s also apparent but only during E-months.
The peak occurrence of both range and fiequency
spread is mote or less unaffected by geomagnetic activi-
y during J-months as can be seen from Figure 1. These
oss features of the response of the occurrence of
range and frequency spread at Kodakanal to geoma-
etic actiity are markedly different from those at
Huancayo, where the occurrence of both range and
frequency spread shows a systematic and signuficant
decrease with increase of Kp dunng D and £ months
and & conspicious mcrease durng J-months (see Fig. 1
of Chandra ez al, 1979) The occurrence of range spread
i the presunrise period (0230-0515 hrs), as may be
sen from Figure 1, is more or less independent of Kp
during D and E months, while during J-months, 1t 1s
relatively more for quiet to moderately disturbed
conditions (Kp range from 1 to 6) than for very quiet
ad highly disturbed conditions (Kp 0 and above 6).
This behaviour is also different from that at Huancayo
where the occurrence of range spread in the presunnse
penod shows a systematic increase with mncrease of Kp
during all seasons (see Figure 1 of Chandra et al, 1979).

In Figure 2 are depicted the changes m the mean
percentage occurrence of range spread (2030-2315 hrs)
vith Kp during different seasons. {or periods of lugh,
moderate and low sunspot activity. The changes in the
occurrence of frequency spread (2330-02135 hrs) and
pesunrise range spread are presented in the same format
{nFigure 3 and 4 respectively. The reuslts presented
i Figure 2 clearly show a systematic and significant
tecrease of the occurrence of range spread with increase
of Kp upto a value of 6, and a tendency to mcrease
tereafter during E-months of hugh and low sunspot
a‘7’4"#)'. The changes with Kp for moderate sunspot
hvity are rather wregular although a tendency to
rlWeifs& with mcrease i1 Kp 1s noticeable. Decreases
w1th.1ncrease of Kp are also evident dunng D months
°§ h}gh and moderate sunspot actvity and in J months
:thlgh Sunspot activity. A companson of these features

Kodaikana] with those at Huancayo reveals that the
;:SP‘)HSE of range spread-F to geomagnetic actwvity
ﬁ(’;!l:al'kedly different during J-months at the two sta-

Ow; At Huancayo, the occurrence of range spread
. 2 systematic increase with increase of Kp irrespec-

of sunspot activity conditions although this trend is

fiee ®nt during low sunspot activity conditions

Y 3 of Chandra er al, 1979) ; at Kodaikanal,

other hand, the occurrence decreases with m-

Year 0°;KP and this pattern 1s evident only during
gh sunspot activity.
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Variation with Xp of the mean percentage occurrence of range
spread (2030-2315 hrs IS T) dunng different seasons for
periods of varymg sunspot activity

A rather systematic trend of reduction in the occur-
rence of frequency spread with increase of Kp 1s evident
during all seasons of high sunspot activity, as may be
seen from Figure 3. There 1s no obvious dependence
of the occurrence on Kp during all seasons of low suns-
pot activity, and during D and J months of moderate
sunspot activity. This behawiour of frequency spread
at Kodaikanal 1s again significantly different from that
Huancayo where its occurrence shows an mecrease m
J months and a decrease m £ months with enhanced
geomagnetic activity, urespective of the phase of the
sunspot cycle (see Figure 2 of Chandra et al, (1979)

The occurrence of range spread i the presunmnse
peniod, as may be seen from Figure 4 1s nearly inde-
pendent of Kp dunng E months, irrespective of the
phase of the sunspot cycle Durmg D months, it shows
a tendency to decrease with increase of Kp for high suns-
pot activity and an increase for low sunspot activity
conditions The changes however are not marked. In
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Same as in Figure 2 but showmg the behaviour of frequency
spread (2330-0215 hrs I.5.T.)

J months, its occurrence 15 relatively more for the Kp
range 1 to 6 than for Kp O and above 6 and this beha-
viour is apparent only for the periods of high and mo-
derate sunspot activity. These trends in the response
of the occurrence of range spread m the presunrise
period at Kodaikanal to geomagnetic activity are also
different from those at Huancayo, where the occurrence
of presunrise range spread shows a systematic and signi-
ficant mcrease with mcrease of Kp (from 1 to 9),
wrespective of season and phase of the sunspot cycle

(see Figure 4 of Chandra et al.,, 1979)

To conclude, the results of the present study for
Kodaikanal, considered in the hight of those for Huancayo
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Same as in Figure 2 but showing the behaviour or range spread
in the presunnse ersod (0230-0515 hrs IS T).
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reported very recently by Chandra et al. (1979) clear}
demonstrate the presence of a striking hngltudin)
effect 1n the seasonal and sunspot cycle trends of
effect of geomagnetic activity on the nocturng] ocey;
rence of spread-F configurations in the equatoria] Tegion
This constitutes an mteresting aspect of the phey
menon of equatonal spread-F that ments furthe
investigations as to 11s origin.
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