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[1] Simultaneous observations of E and F region
irregularities made using the Gadanki MST radar are
presented. The observations show that the E region echoes
weaken or disappear during the growth phase of the topside
F region irregularities. Unlike Jicamarca observations, no
valley region echoes are observed during this phase. It is
shown that the weakening or disappearance of E region
signals are not directly coupled with the F region
irregularities just overhead, but linked with the instability
processes over the magnetic equator through the magnetic
field lines. It is proposed that the fringe fields present in the
valley region in association with the equatorial F region
plasma bubbles, in the presence of appropriate background
electric field conditions, are responsible candidates. It is
shown that these fringe fields and the electric fields
associated with the irregularities in the valley region can
map to the low latitude E region and thereby inhibit the
growth of the E region instability processes as revealed by
the Gadanki radar observations. INDEX TERMS: 2415
Ionosphere: Equatorial ionosphere; 2437 lonosphere: lonospheric
dynamics; 2439 Ionosphere: lonospheric irregularities; 2471
Ionosphere: Plasma waves and instabilities; 5729 Planetology:
Fluid Planets: Ionospheres (2459). Citation: Patra, A. K.,
S. Sripathi, and D. Tiwari (2004), Coupling effect of the
equatorial F region irregularities on the low latitude E region
instability processes, Geophys. Res. Lett., 31, L17803,
doi:10.1029/2004GL020486.

1. Introduction

[2] Plasma irregularities observed in the Earth’s iono-
sphere are often evaluated in terms of local parameters.
Coupling between the ionospheric E and F regions, how-
ever, is known to have significant role on the redistribution
of plasma and excitation of irregularities. For example, the
coupling of the polarization electric field associated with
unstable E region may play significant role on the genera-
tion of F region electron density irregularities both at the
equatorial and middle latitudes [e.g., Prakash, 1999; Kelley
et al., 2003; Haldoupis et al., 2003]. Once the F region
irregularities are generated, they can have important impli-
cation on the redistribution of plasma and the irregularities
in the E region. The valley region irregularities observed
by the Jicamarca radar in association with the F region
irregularities (commonly referred to as equatorial spread F,
ESF) [e.g., Kelley et al., 1981; Woodman and Chau, 2001]
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and that observed over Natal and Kwajalein (located at
~5° magnetic latitude) in the rocket experiments [Vickrey
et al., 1984] have been explained as due to the effect of the
F region instability processes. While the Jicamarca observa-
tions are explained in terms of fringe field effects [Zalesak
and Ossakow, 1980; Sekar et al., 1997; Kherani et al., 2002],
the Kwajalein observations have been related to the effects
of F region electric field structures through mapping [Vickrey
et al., 1984; LaBelle, 1985].

[3] While the effects of the E region processes on the
generation of F region irregularities and the F region
processes on the generation of the valley region irregular-
ities have been studied, the effects of the F region irregu-
larities on the E region are yet to be known. Since very large
electric fields are generated through the F region instabil-
ities, their mapping to the underlying E region and thereby
affecting the plasma remotely could be of significant value
for an overall understanding of the E region irregularities.

[4] In this paper, we present observations of E and
F region field-aligned irregularities made using the Gadanki
MST radar (13.5°N, 79.2°E; dip latitude 6.3°), which shows
that growth of the E region irregularities are controlled in a
significant way by the F region instability processes through
electrostatic coupling. We present a mechanism capable of
explaining the observations presented here.

2. Observations

[s] The observations on the E and F region irregularities
presented here were made using the MST radar located at
Gadanki [Rao et al., 1995]. Studies on the F region
irregularities using this radar have been reported earlier
(for details, see Patra et al. [1997] and Rao et al. [1997)]).
The observation that is of concern here is the variability of
signal strength of the E region echoes in relation to ESF.

[6] Figure 1 shows an example of intensity map repre-
senting SNR of the echoes from both E and F regions
observed on 17-18 April 1998. It may be noted from
Figure 1 that in the early part of the spread F, the E region
echoes are weaker or missing completely. Before the event
took place and at the later part of the event, however, the E
region signals are very strong. In order to show that this
feature is repetitive (although there exists day-to-day vari-
ability), we present the percentage occurrence of both E and
F region echoes in Figure 2. To obtain the percentage
occurrence, we have used 18 events of spread F observa-
tions that were made in 1998—1999. It is very clear that the
occurrence probability of signal is much less during the
early part of ESF development as compared to that before
the onset and at the later part of the ESF manifestations. It
may be mentioned that weakening of the E region echoes
during same local time have not been observed on non-ESF

1 of 4



L17803

j_:
500 - @\
E 400 - k
£ 300] "‘5\ :
E 2001
100 - ik = S L— ]
19 20 21 22 23 00 01
Local Time (hrs)
[
5 0 5 10 4B

Figure 1. Height time intensity (SNR) map of back-
scattered signals from E and F regions observed on 17—
18 April 1998. See color version of this figure in the HTML.

events (not shown here) suggesting the role of ESF irreg-
ularities on the E region echo strength. The weakening or
disappearance of the E region signals in relation to the
topside spread F irregularities have been noticed earlier
from Kwajalein [Hysell et al., 1994] as well as from
Gadanki [Rao et al., 1997], but no further study has been
made on this aspect.

[7] A careful investigation on this aspect suggests that the
weakening/disappearance is not associated with the topside
ESF irregularities alone, but it is closely associated with the
development phase of ESF irregularities. In a broader sense,
this can be related to the upward drift of the irregularities.
To illustrate this aspect we present the Doppler velocities of
the F region irregularities corresponding to Figure 1 in
Figure 3. It is clear from this figure that the E region
SNR has close relationship with the F region irregularity
velocities. It may also be noted that there exists remarkable
local time dependence of the Doppler velocities and also the
E region echo strength. In the early phase of the event, the
correlation is clearer than that at the later phase. Based on
the 18 events, we have made a statistical analysis on the
relationship of the F region velocities on the E region signal
strength. We present the percentage occurrence of upward
and downward velocities of the F region irregularities in
Figures 4a and 4b, respectively. The occurrence of updraft
at around 300 km in the initial phase of the ESF develop-
ment and downdraft during the later part is very clear and
these two aspects are well correlated with the strength of
E region echoes. We have also found that E region signal

Height (km)

Figure 2. Percentage occurrence of E and F region echoes.
See color version of this figure in the HTML.
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Figure 3. Height time velocity map corresponding to the
event shown in Figure 1. See color version of this figure in
the HTML.

strength decreases with increasing F region upward velocity
(not presented here), while they are observed to be stronger
in association with F region downward velocities.

3. Discussion

[8] The observations presented here as well as that
observed earlier from Kwajalein and Gadanki [Hysell et
al., 1994; Rao et al., 1997] clearly suggest that the E region
signal strength is affected during the topside spread
F conditions. Further, the observations presented here
clearly suggest that the weakening/disappearance of
E region echoes are associated with the upward velocities
of spread F irregularities and exclusively so in the initial
phase of the ESF development. The disruption of the
sporadic E (E;) layer in relation to the evening pre-reversal
enhancement in the zonal electric field (PRE) has been
studied by Abdu et al. [2003] using the ionosonde obser-
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Figure 4. Percentage occurrence of (a) upward velocity
and (b) downward velocity as a function of height and time.
See color version of this figure in the HTML.
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vations made from Fortaleza (dip latitude ~4°S). They have
shown that the larger PRE amplitudes are associated with
disruption of Ej layer, whereas for smaller PRE amplitudes
such disruption does not occur. It may be mentioned that
this PRE that causes the evening uplift of the F layer is a
pre-requisite condition for the ESF generation.

[9] In the observations presented here, it is also important
to note that during the time of growth phase, when the
E region echoes weaken/disappear, there is no occurrence of
valley region echoes over Gadanki. During this phase,
however, on several occasions, Jicamarca radar observed
the valley region echoes [Kelley et al., 1981; Woodman and
Chau, 2001]. It may be mentioned that Gadanki radar is
capable of detecting the valley region echoes and in fact it
detected the valley region echoes but at the later part of the
ESF events [Patra et al., 1997]. Accordingly, as far as
the occurrence of the valley region echoes, especially during
the growth phase of the ESF, are concerned, the Gadanki
observations are in contrast to that observed at the equator
with the Jicamarca radar. The observations hence seem to
suggest that the F region irregularities in its growth phase
over Gadanki do not have influence in the generation of
irregularities in the valley region just below in the same way
as it does at the magnetic equator. Hence any effect on the
E region process over Gadanki needs to be viewed as not
due to the vertical coupling of the F region irregularities
occurring just above. Accordingly, the source, if any, has to
be non-local in nature and is likely to function through the
highly conducting magnetic field lines. It may be mentioned
that the field lines of the E region over Gadanki connect
180 km over the equator. And it is also known that at this
height region there is no strong instability process that can
have important effects on the E region along the magnetic
fields. But the observations of the F region irregularities
at and around 300 km show clear relationship with the
E region echo strength.

[10] The height of 300 km over Gadanki is connected to
400 km over the equator through the magnetic field lines. It
may be mentioned that during the development of the
Rayleigh-Taylor (RT) instability, responsible for the plasma
bubbles, the entire flux tube gets depleted and rises to the
topside resulting in generation of irregularities of various
scale sizes. If the observed upward velocities at Gadanki are
taken as indicator of the growth of the ESF at the equator,
which is a reasonable assumption, it is more logical to link
the effects on the E region echoes by the equatorial F region
irregularity processes. Still we will be left with the problem
raised earlier that the F region field lines do not connect
directly with that of the E region over Gadanki. The
footprint of the equatorial F region field lines at the
E region would be at around 10° dip latitude. Hence
question arises how does the E region over Gadanki is
affected by the F region irregularities? We suggest that the
answer lies in the pre-reversal enhancement of electric field
and associated RT instability process, which develop large
depleted region in plasma density, polarization electric field
within the depleted region and fringe fields down below in
the valley region. We show in the following that these fringe
fields are responsible for the weakening of the E region
signals over Gadanki.

[11] Zalesak and Ossakow [1980] showed that the verti-
cally oriented plasma structures behave like capacitor plates
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and the fringe fields associated with it can penetrate to the
lower altitudes. Later Sekar et al. [1997] showed that these
fringe fields can generate irregularities down below. In a
more recent study Kherani et al. [2002] have shown that
these fringe fields are the ones that are responsible for the
valley region irregularities in association with ESF observed
by the Jicamarca radar. The depth of penetration of the
fringe fields from F region altitudes depends on the strength
of the polarization field and the wavelength of the initial
perturbation. They have clearly shown that the penetration
depth of the fringe fields increases with increase in the
perturbation wavelength. Using realistic value of perturba-
tion wavelength they have shown in their simulation study
that the effect is significant at altitudes as low as 180 km
and their results are consistent with the Jicamarca observa-
tions. These fringe fields and the perturbation electric fields
associated with the irregularities in the valley region at the
equator could then map along the magnetic field lines to the
E region over Gadanki and affect the irregularity processes.

[12] It may be mentioned that during the growth phase of
the ESF development, the electric field is basically east-
ward. In the depleted regions, the electric fields are several
times larger than the background field depending upon the
degree of depletion. Hence very large eastward electric field
is expected to be associated with the depleted region. In fact
it is this electric field that is responsible for large updraft of
the plasma within the depleted region and also responsible
for the updraft of the F region irregularities often observed
as large Doppler velocity in radar experiments. These
electric fields remain eastward for quite sometime even
though the background electric field becomes westward
because these eastward electric fields are related to F region
instabilities and are several times larger than the background
fields. While the presence of large eastward electric field in
the valley region through the penetration of fringe fields is
quite plausible, we need to examine the efficiency of their
mapping to the E region and then their effect on the E region
instability processes.

[13] We turn now to the aspect of electric field mapping.
The first quantitative study on the mapping of electrostatic
field was carried out by Farley [1959]. He examined the
mapping efficiency of the E region source to the F region.
Later, Vickrey et al. [1984] and LaBelle [1985] showed that
the polarization electric field associated with equatorial
F region irregularities can map for long distances along
the magnetic field and thereby influence the low altitude
plasma. The mapping efficiency of an electric field structure
is given by the local reduced height dz = (o,/0,)"* d7
[Farley, 1959], where o, is the Pedersen conductivity, o, is
the parallel conductivity, dz is the distance along the
magnetic field and dz’ is the zonal dimension of the electric
field structure. LaBelle [1985] showed that 10 km structure
maps very efficiently from the F region to the underlying
E region, while 1 km structure is significantly attenuated at
120 km. Since the mapping efficiency depends on the path
length along the magnetic field, the efficiency will be better
if the source height is low. The problem that is relevant here
is the mapping of the electric fields from about 200 km to
underlying E region. The values of (cro/op)” 2 are about 700
and 100 at 200 km and 100 km respectively [Farley, 1959].
Hence mapping efficiency of electric field structures of
scale sizes 1—-6 km is expected to be very significant. Such
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scale sizes often exist in association with the ESF. It may be
interesting to study the effects of the F region scale sizes on
the E region instability process, a subject beyond the scope
of the present study.

[14] Once the valley region electric fields map to the
E region, they can have significant role on deciding the
growth rate of the plasma instabilities. As far as the low
latitude E region instabilities are concerned it is mainly the
gradient drift instability. During nighttime, when the back-
ground electric field is westward and downward, it is the
negative gradients of the electron density that become
unstable. The eastward electric fields associated with the
growth phase of the F region instabilities when superposed
on the background westward electric field in the E region,
will reduce the westward electric field or even reverse the
direction, which would inhibit the growth of the gradient
drift instability process. Abdu et al. [2003] studied the
effects of the larger vertical and zonal electric field enhance-
ments associated with the sunset electrodynamical processes
on the disruption of the Eg layers. If the Eg activities are
reduced at that time, as shown by 4Abdu et al. [2003], the
growth of the E region irregularities would be further
reduced.

[15] In the context of the present observations, it is
important to mention the observations reported by Chau et
al. [2002] based on simultaneous observations made using
the Jicamarca radar and Piura VHF radar (located at ~7° dip
latitude). They reported that the likelihood of observing
topside ESF irregularities is less (more) over Jicamarca
when the E region irregularities are present (absent) over
Piura. These observations are broadly consistent with that
reported here and we believe that the mechanism proposed
here is responsible as well for the E region observations from
Piura reported by Chau et al. [2002].

4. Concluding Remarks

[16] We have shown that the E region echo strength over
Gadanki during the equatorial spread F is closely related to
the growth phase of the topside spread F at the equator. We
monitored the growth phase of the topside irregularities
through the observations of spread F irregularities over
Gadanki assuming that same might be happening along
the same flux tube and hence at the equator. An ideal way to
study this aspect would, however, require powerful radar
from the magnetic equator capable of detecting the valley
region echoes in association with the topside spread F. We
have proposed that, in the presence of appropriate back-
ground electric field conditions, the fringe fields associated
with the plasma bubble when penetrate to altitude of about
200 km at the equator could generate irregularities. The
associated valley region electric fields then could map along
the field line to the E region over Gadanki and control the
growth of the irregularities, which is capable of explaining
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the weakening/disappearance of the E region echoes during
the growth phase of the F region irregularities.

[17] Acknowledgments. The National MST Radar Facility (NMRF)
is operated as an autonomous facility under Department of Space, Govern-
ment of India. The authors are grateful to the NMRF technical staff whose
dedicated efforts made possible the observations reported here.

References

Abdu, M. A., J. W. MacDougall, I. S. Batista, J. H. A. Sobral, and P. T.
Jayachandran (2003), Equatorial evening prereversal electric field
enhancement and sporadic £ layer disruption: A manifestation of £ and
F region coupling, J. Geophys. Res., 108(A6), 1254, doi:10.1029/
2002JA009285.

Chau, J. L., R. F. Woodman, and L. A. Flores (2002), Statistical character-
istics of low-latitude ionospheric field-aligned irregularities obtained with
the Piura VHF radar, Ann. Geophys., 20, 1203.

Farley, D. T., Jr. (1959), A theory of electrostatic fields in a horizontally
stratified ionosphere subject to constant, vertical magnetic field, J. Geo-
phys. Res., 64, 1225.

Haldoupis, C., M. C. Kelley, G. C. Hussey, and S. Shalimov (2003), Role of
unstable sporadic-E layers in the generation of midlatitude spread F,
J. Geophys. Res., 108(A12), 1446, doi:10.1029/2003JA009956.

Hysell, D. L., M. C. Kelley, W. E. Swartz, and D. T. Farley (1994), VHF
radar and rocket observations of equatorial spread F on Kwajalein,
J. Geophys. Res., 99, 15,065.

Kelley, M. C., M. F. Larsen, and C. LaHoz (1981), Gravity wave interaction
of equatorial spread F: A case study, J. Geophys. Res., 86, 9087.

Kelley, M. C., C. Haldoupis, M. J. Nicolls, J. J. Makela, A. Belehaki,
S. Shalimov, and V. K. Wong (2003), Case studies of coupling between
the £ and F regions during unstable sporadic-£ conditions, J. Geophys.
Res., 108(A12), 1447, doi:10.1029/2003JA009955.

Kherani, E., R. Raghavarao, and R. Sekar (2002), Equatorial rising struc-
ture in nighttime upper E-region: A manifestation of electrodynamical
coupling of spread F, J. Atmos. Sol. Terr. Phys., 64, 1505.

LaBelle, J. (1985), Mapping of electric field structures from the equatorial
F region to the underlying E region, J. Geophys. Res., 90, 4341.

Patra, A. K., P. B. Rao, V. K. Anandan, and A. R. Jain (1997), Radar
observations of 2.8 m equatorial spread F irregularities, J. Atmos. Sol.
Terr. Phys., 59, 1633.

Prakash, S. (1999), Production of electric field perturbations by gravity
wave winds in the £ region suitable for initiating equatorial spread F,
J. Geophys. Res., 104, 10,051.

Rao, P. B., A. R. Jain, P. Kishore, P. Balamuralidhar, S. H. Damle, and
G. Viswanathan (1995), Indian MST radar: 1. System description and
sample vector wind measurements in ST mode, Radio Sci., 30, 1125.

Rao, P. B., A. K. Patra, T. V. Chandrasekhar Sarma, B. V. Krishna Murthy,
K. S. V. Subbarao, and S. S. Hari (1997), Radar observations of updraft-
ing and downdrafting plasma depletions associated with the equatorial
spread F, Radio Sci., 32, 1215.

Sekar, R., R. Sridharan, and R. Raghavarao (1997), Equatorial plasma
bubble evolution and its role in the generation of irregularities in the
F region, J. Geophys. Res., 102, 20,063.

Vickrey, J. F., M. C. Kelley, R. Pfaff, and S. R. Goldman (1984), Low
altitude image striations associated with bottomside equatorial spread F:
Observations and theory, J. Geophys. Res., 89, 2955.

Woodman, R. F., and J. L. Chau (2001), Equatorial quasiperiodic echoes
from field-aligned irregularities observed over Jicamarca, Geophys. Res.
Lett., 28, 207.

Zalesak, S. T., and S. L. Ossakow (1980), Nonlinear equatorial spread
F: Spatially large bubbles resulting from large horizontal scale initial
perturbations, J. Geophys. Res., 85, 2131.

A. K. Patra and S. Sripathi, National MST Radar Facility, PO Box 123,
Tirupati 517 502, AP, India. (patra_nmrf@rediffmail.com)

D. Tiwari, Space Physics Laboratory, Vikram Sarabhai Space Centre,
Trivandrum, India.

4 of 4



