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tontzation occurs during the recovery phase of the storm. The changes in
the height of the layer are not well defined, except in rare cases when it
shows variations in opposite sense to that of the electron density. These
results are interpreted interms of the extension, to low latitude, of the

storm tnduced mid-latitude thermospheric disturbances in composition and
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1. INTRODUCTION

Response of the ionospheric F region to Geomagnetic
storms has been investigated, some what extensively overmid-Tatitudes, and
the results can be summarised broadly as follows: 1) An enhancement,
lasting for a  few hours, in the F-region peak electron density and
in the total electron content occurs within a few hours after the
onset of a moderate magnetic storm. This is believed to be caused
by an equatorward thermospheric wind, produced by the thermospheric
pressure gradient, set up in the initial phase of the storm energy
absorption, over the high latitude upper atmosphere. This enhancement
is known as the positive phase of the storm. 2) A negative phase,
namely, a marked decrease in the ionization, occurs within a day or
two of the storm onset and lasts for a few days, the ionization
returning to quiet time values with the recovery of the storm
disturbances. This negative phase is believed to be caused by
thermospheric composition changes, namely an increase in the ratio
INy|/]0], brought about by an equatorward propagating disturbance
front, as a second phase of storm energy absorption over the high
latitude (Rishbeth, 1972, 1975; Seaton, 1956; Davies, 1974 and Von Zahn
Prolss, 1976). However, there are significient departures from this
average picture, in the case of individual storms, depending upon the
local time of the storm onset, season, itc. (see for exampie,
Mendillo, 1973; Kane, 1978).

Relatively, litle is known about the characteristic
of the F-region storm over low latitude, where the presence of the
equatorial ionization anomaly (or the fountain effect) complicates the
picture. It is important to determine the factors that influence the
low latitude F-region storm characteristic, whether they have
equatorial or high latitude origin. In the present paper, we have
attempted to carryout such a study, by analysing the F-region parameters,
fon and hsz, over Cachoeira Paulista (450W, 229 41'S), a Tow
latitude station, during a few selected magnetic storm of moderate to
strong intensity.



2. RESULTS

Quarter hourly values of f0F2 and hpF2 on quiet days,
immediately preceding and following the storm interval, were used to
determine a representative_ﬂgiet time diurnal variation of these
parameters, ;;Fé(t) and hsz(t), which are then used to determine
the deviations of these parameters as a function of local time, namely,
A Fa(t) = FFa(t) - ?;Fﬁ(t), during selected periods of magnetic
storms. To have and idea of the degree of variations of a relatively
quiet time F-region, we have presented AfOFz(t) and Ahsz(t) for a
few quiet days in Figure 1, so that the degree of variations in these
parameters, due to magnetic disturbance, to be presented below, may
be seen in comparison with this quiet time picture.

Figure 2 presents AfOFz(t) on 4-8 April, 1978,
following a storm that started on 3 April, with the corresponding Dst
variations shown in the same figure. During the Dst main phase the
changes in the fOF2 is predominantly positive, charactering the
positive phase of the ionospheric storm. During the recovery phase,
significant reduction in the F-region peak electron density is
cbserved, characterising the negative phase of the storm. In the
present event the negative phase seems to be confined mostly to
night hours only. The Ahsz(t) did not presents any well-defined
modification during this storm.

Another event envolving a somewhat more intense
magnetic storm is presented in Figure 3(a) and 3(b). Probably due
to the occurence of several successive storms, the main phase
disturbances lasted for about four days, during which the ﬂfon
variations showed predominantly positive values, similar to that
observed in the previous example. The recovery phase of this storm
is characterised by a negative phase in the ionospheric storm. It is
interesting to note that the negative phase in this example is mostly
a night-time phenomenon as was noted also in the previous example.
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In the case of a magnetic storm, which does not present
well defined main phase and recovery phase, the phases in the
ionospheric storm development do not appear clearly defined either.
In the example presented in Figure 4, the ionospheric storm shows
a significant negative deviation near the Dst minimum around the
midnight of 26-27 March, 1978. However, ionization enhancements
were observed during the two following nights, when the Dst values
indicated continuing disturbances which caused a slow down of the
recovery phase of the storm.

Furhter example of the superimposed storm disturbances,
resulting in poorly defined main and reco?ery phases in the Dst
variations, are presented in Figure 5, 6 and 7, together with the
corresponding Afon(t) and Ahsz(t). In Figure 5 the AfOFz(t)
shows mixed characteristics, namely, both enhancements and decrease
in the F-region peak ionization, during the few days following the
main phase on 9 May, 1978. The first well defined negative storm
effect was seen on the 4th day, from the storm onset, and well into
the recovery phase. This delay in the occurence of the negative
phase, as compared to those in the previous examples, is due probably
to the Dst enhancement that took place on 11 March, 1978. Figure 6
also presents predominantly positive storm effect in f0F2 from 2 to
4 June, 1978, during which the Dst values indicated characteristics
of extended storm main phase disturbances, and only on the g4th day,
from the storms onset, when the Dst values indicated recovery, did
the negative ionospheric storm effect occur. Similar arquments may
as well apply also for the results given in Figure 7. It may be
tentatively concluded that recurring magnetic disturbances, following
the main phase of a storm, prevent, or cause delay, in the occurence
of a negative phase in storm induced F-region ionization time
variations.

Based on the few examples of the F-region response to
magnetic storm over Cachoeira Paulista, presented here, it seems
possible to draw the following tentative conclusions:
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1)

2)

3)

_]2_

The ionospheric F-region over Cachoeira Paulista undergoes
significant changes in response to magnetic storms of
moderate to strong intensity. The changes in the electron
density are characterised by well defined enhancements, or
decreases, with respect to the quiet time values. On the
other hand, the height of F layers does not present well
defined variations.

During the main phase of the magnetic storm, the F-region
ionization often presents enhancements, similar to the
positive storm effect observed over middle latitude (Evans,
1973; Matuura, 1972; Jones and Rishbeth, 1971). However,
if the main phase is followed by recurring magnetic
disturbances or by another storm, the resulting F-region
response is not well defined. However, the jonization
changes in this case seem to be more positive than negative.

During a well defined recovery phase of a magnetic storm, the
F-region ionization shows pronounced decreases on a few
consecutive days, marking the negative phase of the ionospheric
storm. This can be identified with the similar negative storm
effect observed over mid-latitude (see, for example, Matuura,
1972; Rishbeth, 1975; Matsushita, 1959)}. Occurrence of

further magnetic disturbances, or a subsequent storm, during
the recovery phase of a storm under consideration, seems to
inhibit the development of a negative phase in the ionospheric
storm variations. However, when a recovery phase emerges after
the last of the magnetic disturbances, the negative phase in
the ionospheric response does seem to show up. This point
however, has to be confirmed with a lTarger number of events.
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From the above discussion, it turns out that the most
consistent characteristics of the ionospheric storm morphology over
Cachoeira Paulista is the depletion in the F-region ionization that
occurs in the recovery phase of an isolated magnetic storm. However,
the occurrence of this negative phase, being confined mostly to night
hours, seems to be an interesting point since such a feature has not
been reported for mid-latitude. The negative storm effect over
mid-latitude has been observed at different time of the day, and in
some cases the effect has been observed mainly as a day time
phenomenon (see, for example, Prolss and Yan Zahn, 1976).

3. DISCUSSION AND CONCLUSIONS

Over the low latitude, the jonospheric response to
magnetic storm becomes somewhat complicated as it involves the
following factors: (1) extension to lower latitudes, of the storm
induced alterations in the mid-Tatitude thermospheric processes,
namely, in the transport and in the composition,and (2) modifications
in the electrodynamic coupling between the equatorial and Tow
latitude jonospheres, namely, in the equatorial ionization anomaly.

The development of the eguatorial anomaly gets
inhibited due to a reduction in the vertical ionization drift
velocities over the equator, resulting from the storm induced changes
in the east-west electric fields (Woodman, 1970); consequently a
positive storm effect in the F-region jonization over equator has
been observed (see, for example, Rajaram, 1977). The low latitude
jonosphere would, therefore, be expected to experience a negative
storm effect at the local times corresponding to the regular
appearence of the anomaly crest, which, over Cachoeira Paulista,
occurs usually during the local time interval from afternoon to
pre-midnight hours. However, the negative storm phase over
Cachoeira Paulista continued well into the past-midnight and mornirng
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hours as can be seen in Figures 2 and 3b). Further, the ionization
enhancements over the equator, arising from the inhibition of the
fountain effect, seems to operate during intervals centered around
the storm main phase disturbances only, where as the ionization
decreases over Cachoeira Paulista are observed well into the recovery
phase of the magnetic disturbances. Thus there does not seem to be
any significant contribution in the negative storm effects observed
over Cachoeira Paulista, as a result of the storm induced electro-
dynamic influences in the equatorial anomaly.

Hence it may be concluded that the negative storm
effects observed over Cachoeira Paulista, in the events presente here,
are produced by low latitude extension of the storm induced
thermospheric disturbances. The morphology of these disturbances have
been studies somewhat extensively by several authors (Seaton, 1956;
Jones, 1973; Davies, 1974; Prolss and Von Zahn, 1976). Magnetospheric
storm depositslarge amount of energy, in the form of particle
precipitation and auroral electrojet enhancements, into the high
latitude ionosphere. The resulting atmosphere heating causes enhanced
mixing of the thermospheric constituents, raising the ratio of
molecular to atomic species (|N,|/|0]), and sets up disturbance fronts
that propagate to lower latitude, bringing with it the changed
thermospheric composition. Since the electron density in the F-region
is inversely proportional to the ratioc |[N,|/|0|, the arrival of the
disturbances front over the ionosonde stations marks the onset of the
negative phase in the jonospheric storm. Prolss and VYon Zahn, 1976,
have shown, from Satellite measurements of thermospheric composition,
that the ionosonde stations, located within the disturbance zones,
characterised by relatively higher [N,!/|0| ratio, are prone to
experience the negative phase in the ionospheric storm. If would be
interesting to know the circunstance under which the thermospheric
disturbances extend to latitude as low as that of Cachoeira Paulista.-
It has been pointed out, in some recent studies (See, for example,
Davies, 1974; Prolss and Von Zhan, 1976), that this would dispend
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upon the strenght of the storm, the season, the invariant latitude
and the local time of the storm onset. Further studies are
continuing, involving a larger number of events and also trueheight,
analysis of the ionograms for some selected cases, in order to place,
on a more quantitative basis, the cause-effect relationships that
operate during ionospheric storms over low latitude.



REFERENCES

DAVIES, K. Studies of ionospheric storms using a simple model.
Journal Geophysical Research, 79(4): 605-613, Feb. 1974.

EVANS, J.V. The causes of storm-time increases of the F-layer at
mid-latitudes. Journal of Atmospheric and Tervestrial Physics, 35
(4): 594-616, 1973,

JONES, K.L. Wind, electric field and composition perturbations of the
mid-latitude F-region during magnetic storms. Journal of
Atmospheric and Terrestrial Physics, 35, (8): 1515-1527, Aug. 1973.

JONES, K.L.; RISHBETH, H. The origin of the storm increase of
mid-Tatitude F-layer electron concentration., Journal Atmosphere
Terrestrial Physiecs., 33(3):391-401, mar. 1971.

KANE, R.P. Storm- time variation of F2 region. dnmnales de Geophysique,
29 (1): 25-42, 1973.

MATUURA, N. Theoretical models of ionospheric storms. Space Science
Review, 13 (1): 124-189, 1972,

MATSUSHITA, S. A study of the morphology of ionospheric storms.
Journal of Geophysical Research, 64 (3):305-321, mar, 1959,

MENDILLO, M. A study of the relationship between geomagnetic storms
and ionospheric disturbances at mid-latitudes. Planetary Space
Setence, 21 (3):349-358, mar. 1973.

PROLSS, G.W.; ZAHN, V. Von. On The Global morphology of negative
ionospheric storms. In: COSPAR PLENARY MEETING, 19., Philadeiphia,
PA, 1976. Proceedings of Open Meeting a working Groups on
physical Sciences. Oxford, Pergamon, 1977. p.433-438. (Space
Research, 17).



-17 -

RAJARAM, G. Structure of the equatorial F-region topside and botton-
-side. Journal Atmospheric Terrestrial Fhysics, 39 (9110):1125-
1144, Sept. /Oct. 1977.

RISHBETH, H. Thermospheric wind and the F-region: A review. Journal

-

or atmospheric and Terrestrial Physics, 34 (1):1-47, 1974.

- F-region storm and thermospheric circulations, dJournal of
Atmospheric and Terrestrial Physies, 37(6/7):1055-1064, June/
July, 1975.

SEATON, M.J. A possible explanation of chop in F-region critical
densities accompanying major dJonospheric storms. Jowrnal of
Atmospheric and Terrestrial Physies, 8 (1/2):122-123, Jan./Feb.,
1976.

WOODMAN, R.F. Vertical drift velocities and east-west electric

fields at the magnetic equator. Journal of Geophysical Research,
75, (31): 1515-1527, Nov. 1970.



