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Range spread F (RSF} data for a 1l2-year period
(1978-1990}) over the Brazilian low-latitude station,
Cachoeira Paulista, are analyzed to determine the fine
structure of the seasonal pattern of the irregularity
occurrence, which appears consistent throughout an
entire solar cycle. The RSF occurrence for one of these
years is compared also with that over the equatorial
station, Fortaleza, to show that the seasonal pattern
discussed here corresponds to that of plasma bubble
irregularity developments. A striking result that has
come out of the present analysis concerns two secondary
minima, during the epoch of broad annual maximum, in the
RSF that occur in association with the two nodal points
at the magnetically conjugate E layer sunset local
times, that is, at the perfect alignment of the sunset
terminator with the magnetic meridian of the station.
The occurrence of these minima, seen in individual solar
minimum and solar maximum yvears {as also in the overall
mean behavior), is interpreted on the basis of a
simplified F region dynamo development model that
considers also asymmetric conjugate E layer decay
conditions. Competing roles of a prereversal zonal
electric field enhancement and of its height gradient
seem to determine the occurrences of these secondary
minima in RSF.
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A New Aspect of Magnetic Declination Control
of Equatorial Spread F and F Region Dynamo

M. A. Arpu, I. 5. BATISTA, anD J. H. A. SOBRAL

Institulo Nacional de Pesquisas Espaciais, Sdo José dos Campos, Brazil

Range spread F (RSF) data for a 12-year peried (1978-1990) over the Brazijlian low-
latitude station, Cachoeira Paulista, are analyzed to determine the fine structure of the
seasonal pattern of the irregularity occurrence, which appears consistent throughout
an entire solar cycle. The RSF occurrence for one of these years is compared also with
that over the equatorial station, Fortaleza, to show that the seasonal pattern discussed
here corresponds to that of plasma bubble irregularity developments. A striking result
that has come out of the present analysis concerns two secondary minima, during the
epoch of broad annual maximum, in the RSF that occur in association with the two
nodal points at the magnetically conjugate E layer sunset local times, that is, at the
perfect alignment of the sunset terminator with the magnetic meridian of the station.
The occurrence of these minima, seen in individual solar minimum and solar maximum
years {as also in the overall mean behavior), is interpreted on the basis of a simplified
F region dynamo development model that considers also asymmetric conjugate E layer
decay conditions. Competing roles of a prereversal zonal electric field enhancement and
of its height gradient seem to determine the occurrences of these secondary minima in

RSF.

INTRODUCTION

Equatorial spread F (ESF) irregularity events, often
associated with plasma-depleted magnetic flux tubes,
namely, plasma bubbles, that characterize the unsta-
ble state of the nighttime equatorial ionosphere have
been the subject of somewhat extensive investigations
using a variety of radio, optical, and in situ diagnostic
techniques., Some examples of the studies conducted
using ionosondes, VHF radars, scintillation receivers,
photometers/imagers, and in situ rocket and satellite
measurements are those of Abdu ef al. [1981a, b, 1983a,
1991), Basu and Basu [1981], Chandra and Restogi
[1972), DasGupla et al [1982], Farley et al [1970},
Hanson and Sanatant [1973), Hanson and Bamgboye
[1984), Huang et al. [1987), Kelley et al. [1976], Mc-
Clure et al. [1977], Mendillo and Baumgardner [1982],
Rastogt [1985], Sobral et al. [1980], Sobral and Abdu
[1990], T'sunoda [1981], Tsunoda et ol [1982], Weber
et al. [1980], Woodman and La Hoz [1976], and Yeh
et al. [1981]. Theoretical and simulation studies to
explain the different observational results (see, for ex-
ample, Haerendel [1973], Ossakow e ol [1979], and
Zalesak et al. [1982]) do seem to agree on irregularity
generation based on the gravitational Rayleigh-Taylor
(R-T) instability (or generalized gradient drift instabil-
ity) mechanism. An important aspect of the ESF that is
of prime interest at present concerns the ambient iono-
spheric electrodynamics leading to the plasma instabil-
ity processes that produce the irregularities. One of the
well-known prerequisites for the onset of the ESF is the
rapid evening uplift of the F layer [Abdu et el., 1983b;
Farley et al, 1970) under the action of the F region
dynamo, which produces the prereversal enhancement
in the eastward electric field [ Woodman, 1970; Fejer el
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al., 1979]. According to the F layer dynamo theory
by Rishbeth [1971] and the numerical simulation stud-
ies based on the same by Heelis et al. [1974], a zonal
thermospleric wind, blowing eastward from the highly
conducting dayside ionosphere to the nightside of low
conductivity, that is, in the presence of a longitude gra-
dient (westward) in the Pedersen conductivity, could
produce the enhanced eastward prereversal electric field
{namely, the vertical uplift of the layer). Thus the inten-
sity of the wind and the magnitude of the Pedersen con-
ductivity longitudinal gradient determine the evening
F region vertical drift enhancement (see also Betisia et
el [1986])). The magnitude of the conductivity longi
tudinal gradient, in turn, is determined by the degree
of simultaneity of sunset at magnetically conjugate E
layers that are coupled to the equatorial F region. Si-
multaneous sunset at the conjugate E layers that occurs
under perfect alignment of the sunset terminator with
the magnetic meridian, for example, will produce the
largest value of the conductivity gradient compared to
its value for different degrees of deviation from a perfect
alignment. On the other hand, the equatorial magnetic
declination has significant variation with longitude, its
largest magnitude of ~22°W occurring in the Brazilian
sector. In this way the magnetic declination angle con-
trols the longitudinal and seasonal dependencies of the
T region dynamo effect on the prereversal vertical drift
enhancement and the ESF, as was first demonstrated by
Abdu el el [1981b]. From analysis of global VHF scin-
tillation data sets, Tsunode [1985) showed that seasonal
variation in the scintillation occurrence and its longi-
tude dependence could indeed be explained to the first
order by the longitude dependent magnetic declination
angle. The paper by Batista ef al. [1986], on numerical
simulation of the E and F layer electrical coupling (see
also Heelis et al. [1974]), discussed the control of the
F region vertical drift by magnetic declination angle as
well as by different zonal wind intensities. From the
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previous studies mentioned above, the general finding
is that the seasonal maximum in spread F (and scintil-
lation) irregularities at a given longitude occurs around
the season when the sunset terminator nearly aligns
with the magnetic meridian, corresponding to almost
simultaneous sunset at conjugate E layers. Thus the
spread F maximum season in Brazil (with declination
angle ~22°W at Fortaleza) is centered around the sol-
stitial month December {Abdu et al., 1981b], wheteas at
Huancayo/Jicamarca, in Peru (declination angle being
4°E), located only 30° westward in the South Ameri-
can continent, two maxima occur, centered around the
equinoctial months of September and March [e.g., Ras-
togi, 1980).

The maxima in the vertical drift of the layer around
the nodal points in the conjugate E layer sunset local
time curves (such as those given in Figure 4 of Batista et
al. [1986]) may not, however, signify irregularity max-
ima at the same nodal point conditions, since other fac-
tors besides the vertical drift velocity (or rather a height
independent drift} could control the irregularity gener-
ation and growth. In order to verify this point we have
analyzed here 12 years of range spread F (RSF) data
over the Brazilian Jow-latitude station Cachoeira Pau-
lista (—28° dip angle). The data over the low-latitude
station are chosen for this verification in preference to
the data over an equatorial station (such as Fortaleza)
because the RSF over the former station represents the
irregularities arising from the plasma bubble develop-
ment and vertical growth over the equator. Though
this last point has been discussed in some of our pre-
vious papers [e.g., Abdu et al,, 1983a], a further clarifi-
cation of the same is attempted here, showing comple-
mentary evidence, by comparing concurrent RSF occur-
rences at the equatorial and low-latitude stations. The
overall emphasis of the present analysis is on the de-
tailed and finer features of the irregularity distribution
pattern during the spread F occurrence season, from
October to March, which repeat themselves for a com-
plete solar cycle.

RESULTS

The monthly mean range type spread F (RSF) dis-
tribution as a function of local time (at 15-min reso-
lution) for a complete year, 1980-1981, a solar maxi-
mum epoch, is presented in Figure 1 as contour lines of
percentage occurrence for the equatorial station Forta-
leza (—5° dip). The period from August to April has
a high rate of RSF occurrences, the percentage for the
evening to premidnight hours lying in the range of 30-
100. The decrease in RSF from April to May is usually
very abrupt. But the large difference between the April
1981 and the May 1980 occurrence percentages in Fig-
ure 1 seems to have superimposed on it a component
of year-to-year variability as well. The RSF onset time
varies mostly from 18 to 19 LT. The two arrows on
the right side of the figure point to a perceptible reduc-
tion in occurrence rate around February and November.
This feature will constitute the main focus of attention
in this paper. Results similar to those for Fortaleza
are presented in Figure 2 for Cachoeira Paulista, a low-
latitude station (—28° dip), for the same 1-year period
as that of Figure 1. Comparison with the results for
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Fig, 1. Monthly mean RSF occurrence percentages versus
local time distribution contours for the years 1980-1981
over Fortaleza.

Fortaleza brings out the following points: (1) the RSF
onset times over Cachoeira Paulista occur later than
1900 LT with more than 50% of the cases always occur-
ring after 2000 LT, which represents a significant delay
with respect to such results for Fortaleza (see also Abdu
et al. [1983a), and (2) the RSF occurrence percentages
for Cachoeira Paulista are significantly reduced com-
pared to those for Fortaleza, and the 90% occurrence
now becomes confined to December.

The delay and reduced occurrence of spread F at Ca-
choeira Paulista with respect to that over Fortaleza are
consistent with the results presented by Rastogi [1983]
for the Pacific zone. Both aspects 1 and 2 are consistent
with the interpretation that the vertical growth of flux
tube aligned plasma bubbles over the equator is respon-
sible (through the associated latitudinal expansion) for
the RSF observed over an off-equatorial (low latitude)
station. They also show that a significant percentage
of the total RSF events over the equator remain and
decay as bottomside events. Also presented in Figure 2
are the vertical drift velocity prereversal enhancement,
Ve, deduced from Fortaleza ionograms (which is rele-
vant for the RSF occurrences over Cachoeira Paulista),
and sunset local times [from Batista ¢f al., 1986] at the
E layers (Tscer and Tgcgs) that are conjugate for a
field line that has its apex in the F region over For-
taleza where the geomagnetic declination angle is 22°
westward. There is a rather clear tendency for large
V.p values and higher plasma bubble occurrences dur-
ing months corresponding to smaller values of conjugate
E layer sunset time differences. In this figure also, two
arrows point to a small reduction in the plasma bubble
occurrence percentages, which coincide almost exactly
with the months when a similar reduction was present
in Figure 1 as well.

The variations for a complete solar cycle, 1978-1990,
in RSF onset times for Cachoeira Paulista are shown in
Figure 3 for each of the 6 months of large occurrence
rates, that is, from October to March. In this figure the
solid circles represent the RSF onset times over Forta-
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Fig. 2. (Left) RSF distribution contours similar to those of Figure 1 plotted for Cachoeira Paulista,
{Right) The prereversal F region vertical drift velocity in meters per second and the sunset local
times at magnetically conjugate E layers (at —15° dip and 7° dip values) plotted for the entire year.
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Fig. 3. (Top) RSF omset local time monthly mean val
ues at Cachoeira Paulista plotted separately for 6 months
through the years 1978-1990. The solid circles are those
values for Fortaleza for a few months during 1981 and
1987, (Bottom) Sunspot number variations during the
same period.
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leza for a few months in 1981 (solar maximum) and for
1987 (solar minimum). The average delay in RSF on-
set over Cachoeira Paulista with respect to that over
Fortaleza, which is of the order of 1 hour during solar
maximum, increases to the order of 3 hours during solar
minimum. This is consistent with a reduction in the av-
erage plasma bubble rise velo¢ity over the equator from
~180 m s~ to ~60 m s~ during the same period and
thus supports the contention that the RSF observed

over the low-latitude station Cachoeira Paulista does
indeed represent cases of plasma bubble events.

In order to check if any consistent trend is present
in the seasonal pattern of the plasma bubble/spread F
occurrences for an entire solar cycle, we analyzed the
RSF data over Cachoeira Paulista for the years 1978
through 1990. The RSF data at 15-min resolution were
used to obtain the percentage occurrence in the 12-year
period at each sounding local time of each day of the
year for the interval from October to March. The re-
sults of this statistical analysis are presented as confour
plots of percentage occurrences in local time versus day
of the year format in Figure 4a. The grid points have a
separation of 1 day along the abscissa and 15 min along
the ordinate. Figure 4d shows conjugate E layer sun-
set local times, T5cEg1 and Tscpe, for the same period
of the year. We notice that the maximum occurrence
rate, which reaches 80%, is confined to 2200-0100 LT
range throughout this period. During these local time
intervals, plasma bubbles occur on more than 50% of the
nights from approximately the middle of October to the
middle of February, From a comparison of Figures 2 and
4a it is clear that this period also coincides with low val-
ues of local time difference (Tscpy — Tsop2 = ATscE)
between the sunsets at the conjugaie E layers. The
low values of ATscg generally favor large prereversal
evening F region drift enhancement and hence the oc-
currence of the plasma bubble/spread F irregularities.
We might therefore expect that very small (or zero)
ATscEg values, corresponding to the nodal points in
Figure 4d, could produce still larger drift velocity and
hence maxima in the spread F occurrence probability
at those points. However, we notice the existence of re-
duced probabilities, in the form of two secondary min-
ima (indicated by vertical lines), one in the later half of
November and the other one during the changeover from
January to February, at or close to the nodal points.
This close coincidence of the spread F occurrence min-
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Fig. 4. (a) RSF distribution during its main occurrence season from OQOctober to March over Ca-
choeira Paulista, for the 12-year period 1978-1990; the grid points are separated by 1 day along the
abscissa and 15 min along the ordinate; (b) RSF distribution statistics similar to those of Figure
4a but representing only the years 1978-1982 and 1988-1990 for solar maximum conditions (marked
as SSMAX in the figure); (c) plots similar to Figure 4b for the years 1983-1987 representing solar
minimum years (SSMIN); and {d) the sunset local times, Tscg and Tsops, for the northern and

southern magnetically conjugate E layers, respectively.

ima and the T5cg nodal points is a very striking phe-  of the minima during the solar maximum years lagging
nomenon, the statistical validity of which is highlighted by 7-8 days behind those for the solar minimum years.
by the fact that 12 years of data have provided the base ~Somewhat reduced amplitudes of these minima (with
some days of displacement) in the complete solar cycle

The results of Figure 4a, which represent an average  averaged data of Figure 4a are therefore to be expected.
picture for a complete solar activity cycle, were sepa- ‘We may note further that the reduction in the spread
rated into two groups, one to represent an average for  F is observed, in varying degrees, both during the dusk
the years centered around the solar minimum and the to midnight hours and during the midnight to morn-
other for the years centered around the solar maximum. ing hours. Both types of reductions are present in the
The years 1983-1987 were taken to represent the former  minima of Figure 4a, which represents the mean behav-
group while the years 1978-1982 and 1988-1990 repre- ior for a complete solar cycle. The same is true to a
sented the latter. The average range spread F distri- striking degree in the case of the February minimum
butions for these two cases are plotted in Figures 4b  of Figure 4b (which represents the mean for the solar
and 4c, respectively. Dashed vertical lines are drawn maximum conditions) and to a smaller degree in the
through the two secondary minima in the occurrence November minimum of Figure 4¢ (for the mean condi-
rates. In spite of the reduced data statistics for the two  tions of the solar minimum years). For the rest of the
separate groups the secondary minima have come out  cases the spread F reduction is confined either to the
very clearly for both groups. The February minimum near-midnight hours, as in the November minimum of
for the solar maximum group is specially striking. An-  Figure 4b, or to the midnight to morning hours, as in
other point to note is a systematic phase difference in  the January minimum of Figure 4¢c. A possible expla-
the occurrence of the minima for the two groups, both  nation of this behavior will be attempted below.

for this spread F occurrence feature.
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DiscussioN OF THE RESULTS

The statistical results of Figures 1 and 2 are given
in terms of monthly mean spread F occurrence rates
(expressed in percentage of the total observational days
for the month} for a 12-month period plotted as a func-
tion of local time. At the equatorial station Fortaleza
the seasonal pattern is characterized by a broad max-
imum covering the equinoctial and summer months,
September-April. Over the low-latitude station, how-
ever, the spread F distribution has a maximum occur-
rence weighted more to the summer month of December
with 90% probability. At both locations we have noted
a tendency for reduced spread F occurrence in Novem-
ber and February (indicated by arrows in Figures 1 and
2). This was quite apparent in the statistics over For-
taleza and somewhat less so over Cachoeira Paulista.
These two secondary minima {(the primary minimum
being the one centered around the winter months of
June-July for our longitude [Abdu et al., 1981a)), seen
in the monthly mean spread F occurrence probability,
are in fact the same as the ones that are evident also in
the daily occurrence probability for the 12-year period
presented in Figures 4a, 4b and 4c. Further, in spite of
the reduced data statistics for the two separate groups
in Figures 4b and 4c, the secondary minima have come
out very clearly for both groups. Thus the present re-
sults establish the existence of two epochs (windows)
of reduced spread F occurrence during the general pe-
riod of the seasonal maximum in its activity over our
station. The following aspects of the characteristics of
these minima need to be pointed out further. While
the reduced occurrence that contributes to the mini-
mum in the near-midnight to morning hours could be
caused by reduced duration (faster decay) of the spread
F events (whose onset is at dusk to midnight as a re-
sult of quiet time F region dynamo action), the part of
the minima that shows up at dusk to midnight arises
primarily from a reduction in the spread F occurrence
rate itself at these hours.

The coincidence, or nearly so, of the two secondary
minima with the nodal points of the conjugate E layer
sunset local times (that is, ATscg ~ 0) looks to be an
intriguing phenomenon. However, from consideration
of the plasma bubble irregularity generation based on
the Rayleigh-Taylor (R-T) instability mechanism, such
a result does seem to be explainable. The gravitational
R-T instability growth rate factor (see, for example, Os-
sakow el al. [1979], Zalesak et al. {1982), and Abdu et
al. [1982]) for the instability development in the bot-
tomside gradient region of the F layer is given by

7=(ExB/Bz_Un_g/Vin)-vn/n_Vr '

which is a simplified version of that given by Zalesak
el al. [1982). Here 14, is the ion-neutral collision fre-
quency, v, is the recombination rate, n/Vn is the ver-
tical gradient scale length of the electron density, E
and B are the electric and magnetic fields, and U, is
the zonal neutral wind taken positive westward. Here
the two parameters that present significant and rather
fast changes at the sunset hours are the vertical ion-
ization drift (prereversal enhancement) E x B/B? and
the vertical component dn/dz of the layer density gra-
dient (Vn). An explanation of the observed spread F
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feature is therefore attempted below in terms of the
sunset changes in these two parameters.

As was mentioned earlier, theoretical and numer-
ical simulation studies based on the electrodynamic
processes of the equatorial ionosphere [Rishbeth, 1971;
Heelis et al., 1974; Batista ¢t al,, 1986] show that the
Pedersen conductivity longitudinal gradient of the con-
jugate E layers (which are linked to the equatorial F
region) plays a major role in the determination of the
onset time and amplitude of the prereversal drift en-
hancement at sunset hours [Batisia ei al., 1986]). The
steeper this gradient, the higher the amplitude of V7,.
The degree of the conductivity gradient, on the other
hand, would depend upon the degree of alignment of
the sunset terminator with the magnetic meridian of
the conjugate E layers in such a way that perfect align-
ment, which occurs in summer months over the Brazil-
ian sector, could produce the steepest gradients. Broad
seasonal maxima in V;, and spread F occur over Brazil,
therefore, in summer months, when the magnetic decli-
nation angle favors better alignment of the terminator
with the magnetic meridian of the conjugate E layers.

The vertical drift of the layer could be associated with
changes in the layer bottomside density gradient as well,
in such a way that for a specific density gradient the at-
tainment of a threshold value for the vertical drift (and
the layer height) or vice versa sets the condition for the
triggering of the instability processes, Two situations
to be considered in this context are (1) a height inde-
pendent (uniform) vertical drift that will cause vertical
uplift of the layer without altering the bottomside den-
sity gradient and (2) drift varying with height that
could significantly alter the density gradient. The two
circumstances for the occurrences of these two types
of prereversal vertical drift (eastward electric field) en-
hancement under the action of the F region dynamo
development at sunset hours are depicted in Figures 5a
and 5b. The representations in these figures have been
based partly on a physical explanation for the prerever-
sal evening electric field enhancement given by Farley et
al. [1986). Figeres ba and 5b are basically identical to
each other except for the difference in the alignment of
the sunset terminator (shown by the dash-dotted line)
with the magnetic meridian, which is perfect in Fig-
ure Ba and only partial in Figure 5b. The equatorial
F region cross section in the vertical east-west plane is
linked to magnetically conjugate E layers in the hor-
izontal plane as depicted in these figures. A zonal F
region wind U blowing eastward across the termina-
tor (near sunset) produces a downward electric field £,
{whose value is a significant fraction of U x B) which
maps along the geomagnetic field lines to an equator-
ward meridional field, E (not shown explicitly), in the
conjugate E layers. As explained by Farley et ol. [1986],
a westward electric current that is to be driven by £y
is stopped from flowing because of the day to night dis-
continuity (rather, westward gradient) in the Hall con-
ductivity. The resulting buildup of polarization charges
(shown by negative signs) at the terminator leads to an
eastward zonal field on the dayside and a westward field
on the nightside. In Figure 5a where we have considered
a perfect alignment of the terminator with the mag-
netic meridian, an ideal situation of latitudinally uni-
form polarization charge is likely to exist which by field
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Fig. 5. Schematic representation of the F layer dynamo-
induced prereversal enhancement in the zonal electric field
near sunset hours. Magnetic field lines couple the eqna-
torial F layer (shown in east-west vertical plane) with the
E layer in the horizontal plane. The F region eastward
neutral wind I in the vertical plane produces downward
E; = —U x B. This field maps to an equatorward E4
(not shown explicitly) in the E layer that tends to drive
a westward Hall current which is prevented from flowing
since no current flows in the nightside E region. The re-
sulting buildup of negative charges is shown by negative
signs near the terminator, and the resulting zonal elec-
tric field maps back to the F region. {(a) A latitudinally
uniform distribution of negative polarization charges, cor-
responding to terminator alignment with the magnetic
meridian, gives rise to eastward and westward electric field
(E;) shown height independent in the vertical plane. (b)
The case of the terminator making an angle with the mag-
netic meridian, producing a height gradient in the zonal
electric field.

line mapping produces a height independent uniform
zonal electric field (shown as E, in the figure) within
the height region under consideration. Consequently,
the F laver bottomside electron density distribution is
expected to remain unaltered (that is, Vn ~ const, as
depicted in profiles 1, 2, and 3 of this figure) as the F
layer is lifted up under the action of the eastward zonal
electric field.

In Figure 5b we have introduced an angle between the
sunset terminator and the magnetic meridian so that
the E layer on the nightside of the terminator makes
magnetic conjugacy with the E layer on the dayside.
Further, the separation of the terminator from the pair
of magnetically conjugate E layers could increase going
away from the equator in both hemispheres, as shown in
the figure. This could result, from field line mapping,
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in a decrease with latitude in the polarization charge
with increasing distance from the equator. The degree
of the decrease, and therefore that of the height gradi-
ent in the zonal electric field (shown as E, in the figure,
in the vertical F layer plane), would, of course, depend
upon the angle between the terminator and the mag-
netic meridian. For small angles the height gradient
should also be small. As a result of the height depen.
dent zonal electric field (that is, vertical drift} the uplift
of the F layer occurs with the eleciron density vertical
gradient, Vn, increasing with altitude, as the electron
density profiles at the three positions (identified as 1,
2, and 3 in the figure) are made to depict.

In the expression for the instability growth rate men-
tioned before, the two parameters that undergo rapid
changes at the sunset are E x B/B? and Vn/n, and two
types of development in these two parameters were con-
sidered above that corresponded to the two situations
of terminator alignment with the magnetic meridian. It
is possible that in the situation in Figure 5a, that is, at
the nodal points representing a perfect alignment of the
terminator with the magnetic meridian, the bottomside
F region, where Vn is considered invariant with the up-
lift of the layer, could be subjected to a regime that is
less unstable as compared to the situation in Figure 5b,
that is, in the region away from the nodal points, where
the required sieepening of the electron density gradient
occurred with the layer uplift. The secondary minima
seen in Figures 1, 2, 4a, 4b, and 4¢ do seem to fit In
with the picture of the F layer dynamo electric field de-
velopment, which includes the north-south asymmetry,
as described above. A more detailed and quantitative
evaluation of the observed spread F scasonal feature is
in progress.

An effect similar to that observed in our data should
be present in other longitude sectors as well. How-
ever, their identification will require a treatment of the
data statistics with sufficient temporal resolution. Qur
consideration of daily values for the 12-year period has
brought out the effect better (in Figure 4} than when
we congidered the monthly mean values for a given year
(Figures 1 and 2). Suggestion of a similar effect is seen
also in some cases of a global scintillation data set an-
alyzed by Tsunoda [1985]. For example, in his Figure
2d for Kwajalein, the seasonal distribution presented
with 15-day values from Livirgslone {1980) appears to
be a striking example of this effect. Very close to the
two nodal points there are clear minima. Most of the
rest of the characteristics of this figure also resemble the
spread F distribution patiern of our Figure 4. Of course,
it should be pointed out that a perfect coincidence of the
secondary minima with the nodal points does not neces-
sarily have to happen since the coexisting vertical drift
and Vn evolutions that we consider may not take place
strictly as depicted in Figures 5a and 5b. For exam-
ple, the possible existence of a latitude dependent zonal
wind and conductivity distribution could shift the oc-
currence of latitudinally (and heightwise) uniform zonal
electric field, supposed to be coinciding with the nodal
points, to regions somewhat away from them. Such a
situation is probably responsible for the shift of the sec-
ondary minima with respect to the nodal points seen in
the results of Figures 4b and 4¢. In particular, the sys-
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tematic shift (that is, the delay by 7 to 8 days) of these
minima during solar maximum (Figure 4b) compared to
those of the solar minimum (Figure 4¢) would seem to
imply a corresponding solar cycle effect on the annual
thermospheric neutral wind pattern.

We should point out further that the relatively less
unstable bottomside F region situation described above
{(based on Figure 5a) could result (1) in reduced occur-
rence and/or (2) in the occurrence of weak and therefore
shorter-duration events. Both of these possibilities are
borne out by the occurrence of the minima during the
dusk to midnight hours and during the postmidnight
(extending to dusk) hours, respectively, seen in vary-
ing degrees in the different statistical groupings of the
data presented in Figures 4a, 4b and 4c. The spread
F duration is known Lo be sensitive to F region heights
[Nelson et al., 1986] and its variation and chemical loss
times at these heights [Somayajuly et al, 1975]. The
decrease in the spread F duration associated with the
nodal points, which is of concern in item 2 above, im-
plies control of this duration by the F region bottomside
density gradients as well.

CONCLUSIONS

The analysis of range spread F data over Brazilian
stations Fortaleza and Cachoeira Paulista carried out in
the present work confirms the earher findings that the
magnetic declination angle does control the gross sea-
sonal pattern of the evening F region dyname electric
field development and associated spread F plasma bub-
ble development. However, on the basis of the previous
findings and conclusions regarding attaining a thresh-
old height [Farley et al., 1970] or a velocity [Abdu et al.,
1983b) as a requirement for the spread F development
one would expect an almost exacily identical seasonal
variation in the vertical drift and RSF occurrences. The
departure in their behavior, in view of the fine structure
of the RSF seasonal pattern observed here, does seem
to point to new factors to be considered in our under-
standing of the irtegularity generation mechanism.

The following are the main conclusions from the
present study:

1. Small angles between the sunset terminator and
magnetic meridian favor postsunset spread F develop-
ment,

2. Perfect {or nearly so) alignment of the terminator
with the magnetic meridian, the condition of conjugate
E layer sunset nodal points, however, tends to decrease
the efficiency for the irregularity growth, thereby pro-
ducing secondary minima in their occurrences at the
nodal points.

3. A simple physical interpretation of the observed
phenomenon shows that both the F region vertical drift
(zonal eleciric field) and its height gradient need to be
considered in determining the spread F onset condi-
tions. It appears that the steepening of the bottomside
density gradient could be produced by a height gradient
in eastward electric field.

These results do seem to have important implications
for the amplitude of an initial perturbation required to
trigger development of a plasma bubble irregularity.
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