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VARIATION OF EQUATORIAL F-REGION IRREGULARITY PARAMETERS
AS A FUNCTION OF SOLAR ACTIVITY

Eileen MacKenziec and Santimay Basu
Emmanuel College
Physics Research Division
400 The Fenway
Boston MA 02115

ABSTRACT

The Air Force Geophysics Laboratory in collaboration
with the Geophysical Institute of Peru and the University
of Texas at Dallas performed co-ordinated measurements of
nighttime F-region irregularities near the magnetic equator
during 1975-1979, A variety of techniques, such as iono-
spheric soundings, scintillation, airglow, VHF radar back-
scatter and satellite in-situ density probes, were employed
to study the F-region irregularities over a wide scale-
length range from tens of kilometers to a few meters. The
dynamics of the irregularity structures were explored by
the Airborne Ionospheric Observatory of the Air Force
Geophysics Laboratory as well as by the spaccd receiver
scintillation measurements performed on the ground. This
report compiles some of these measureﬁents with a view to
studying the variation of the irregularity characteristics
with changes in solar activity that occurred during the

campaign periods in the ycars 1975-1979.
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1. INTRODUCTION

The Air Force Geophysics Laboratory in collaboration
with the Geophysical Institute of Peru and the University of
Texas at Dallas developed a joint program of study during
1975-1979 to evaluate the effects of nighttime equatorial
ionospheric irregularities on satellite communications and
VHF radar backscatter and to determine the mechanisms re-
sponsible for the generation of irregularities in the equa-
torial ionosphere. With these objectives in view, coordi-
nated observations of equatorial F-region irregularities
were performed by various techniques (ionosonde, VHF/UHF
scintillations, spaced receiver drifts, airglow, satellite
in-situ and radar backscatter) near the magnetic equator
in the Peruvian sector during selected campaign periods
in the yecars 1975-1979. Since this period covered widely
varying levels of solar activity, these results are util-
ized to investigatc the characteristic variation of the
irrcgularity parametecrs with solar activity.

Until recently, the spread-F signature on ionograms
and scintillation data have been the primary methods used
to study the nighttime F-region irregularities of electron
density at cquatorial latitudes. Now additional tech-
niques, such as satellite in-situ, radar backscatter and

spaced recciver scintillation measurements are available

to supplement thesc mcthods by providing extended coverage

of irregularity scale-lengths and considering the




irregularity motion (Basu and Aarons, 1977, AFGL-TR-77-
0264, and references therein)., The ionogram analysis ob-
tained during the joint study period (1975-1979) is pre-

. sented in Section 2, while corresponding scintillation
analysis is shown in Section 3. The results of irregular-
ity drift measurements are discussed in Section 4, the
spatial variations of electron density by satellite in-situ
probes in Section 5, the 50 MHz radar backscatter observa-
tions in Section 6, and the airglow and ionosonde measure-
ments on the aircraft in Section 7. The stations at
Ancon and Huancayo and the coordinates (Ancon L9 and
Huancayo MS) pertaining to these measurements are illus-
trated in Figure 1., The position of LES-9 changed as a
function of time (1977-1979) while Marisat remained fixed
throughout the period 1976-1979. During 1975, no coordi-
nated scintillation and radar measurcments were performecd;
only radar backscatter and ionogram analysis for this
period are included in the report. The ionosonde data were
obtained at Huancayo (H) and scintillation measurements

were performed from both Ancon (A) and Huancayo (H).
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2. IONOGRAM ANALYSIS — VIRTUAL HEIGHT AND SPREAD-F

Early observations of equatorial spread-F at Huancayo
(Booker and Wells, 1938) indicated that the onset of
spread-F is preceded by a rapid increase of F-layer height
after sunset. In view of the possibility of using this
parametcr to predict the onset of natural spread-F or to
determine the ionospheric conditions suitable for triggering
artificial spread-F, ghe post-sunset increase in F-layer
height has recently engaged the attention of workers in
this field.

In the following, this problem is studied by the use
of ionogram data obtained at Huancayo, Peru (12.1°S, 75.3°W)
during the campaign periods. The data base consists of
limited nights (<10) during each of 5 periods over 5 years
(1975-1979) as indicated in Table 1. The monthly mean

sunspot number corresponding to each of the campaign periods

is also shown in the table.

Table 1
Dates No. of Nights Sunspot No.
Nov. - Dcc. 1975 10 15
Oct. 1976 7 21
Mar. 1977 9 8
Mar. 1978 7 73
Mar. 1979 4 137

From the ionograms, the virtual heights corresponding to the
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base of the F-region (hpjp) was determined and the spread-F

was categorized into two types, range and frequency spread

(Rastogi, 1980a). The spread of the ionogram trace in the
presence of a curvature of the trace signifying underlying
F-region ionization is grouped under frequency spread and
that obtained in the absence of curvature is grouped under
range spread. In addition, the spread signature confined
only to the base of the F-layer, is grouped under the term

bottomside range spread. In order to provide an idea of the
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evolution of the two types of spread F, the results of the
ionogram analysis for the selected days in the campaign

periods during 1977-1979 are shown in Table 2. The symbol

r denotes bottomside spread F, R denotes total range spread
F, F denotes frequency spread F and a blank denotes no
spread. It may be noted that the bottomside spread-F first
appears and may persist for 15-60 minutes before the total
range spread occurs. Near midnight, mixed or a combination
of range and frequency spread is obtained and finally pure
frequency spread results which often persists till sunrise.
Thus, the bottomside spread-F marks the onsct and frequency
spread the end of the activity.

We now investigate the variation of hpjp for each of
the 5 campaign periods during the time interval ~1700-2100
local time. This is the time period of post-sunset increase

of the F-layer altitude prior to the possible onset of

spread-F. On certain days, the sprecad F occurrence curtails
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readings in the 20-21 local time (LT) segment. The variation

of h with LT is shown in Figures 2a-e in a format similar

min
to that used by Tsunoda and Rino (1982) to show the diurnal
variation of h'F at Kwajalein in August 1981. In Figures
2a-e, a dot (+) signifies hpin, @ bar (|) the presence

of bottemside spread-F, and an asterisk (*) the presence of
total range spread F. Since the data were obtained from
routine ionospheric soundings, the time resolution of the
plots is 15 minutes. The plots for successive days are
displaced upwards, the datum level of 200 km for each plot
being indicated by an arrow. It may be noted that the F-
layer rises after sunset, attains a maximum altitude,

and then commences to fall. During the sunspot minimum
period (1975-1977) the time variation of hpj, shows a broad
featureless maximum whereas in the sunspot maximum period
(1978-1979) a pronounced maximum is observed. The onset

of the bottomside or total range spread (denoted by | or *)
takes place over either the broad-maximum or the descending
phase of hyjn. On many occasions, two maxima of hpjp are
observed, a small primary maximum being followed by a more
pronounced secondary maximum. In such cases, the onset of
spread-F usually takes place following the primary maximum.
The sccondary maximum is possibly a signature of the height

modulation of the base of the F-layer caused by the develop-

ment of a bubble (Scannapicco and Ossakow, 1976).
Table 3 shows the salient features of the Figures 2a-e.

It lists the maximum rate of rise of hmin in meters per
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second observed during any 15 min interval prior to the
onset of spread-F, the time of this maximum rate of rise
and the time of spread-F onset. The range and the average
values of each column arc listed at the bottom for cach of
the campaign periods. It should be emphasized that the
time resolution of the data is 15 minutes and, therefore,
the upward drift speed, listed in Table 3, represents only
the lower bound of this paramcter. A notation is shown
next to the nights on which plumes werc seen. These will
be discussed in Section 6.

Each of the campaign periods was grouped together and
Table 4 lists the range of values of hpjp and the average
of the maximum upward velocity of the base of the F-layer
observed prior to the onset of spread-F. It may be noted
that hyip increases with increasing sunspot number and an
increase of the altitude by as much as 150 km occurred
between 1975-1979. Thus the threshold altitude at which
the spread-F occurs depends on the level of solar activity.
The upward velocity of the F-layer does show some variation
with season as well as the solar activity and, therefore,
the increase as a function of solar activity is best studicd
from the last three rows in Table 4 represcnting the same
month of March in 1977, 1978, and 1979. A consistent in-
creasc of the upward drift spced with an increase of sun-
spot number may bc noted.

In summary, the F-layer rises in the post-sunset

hours, the risc being morec pronounced during the sunspot
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Table 4

hpin Prior Average Rate of
Campaign to Sprecad-F Increase of hpip Sunspot No.
(km) (m/sec)
Nov-Dec 1975 230 - 310 13 15
Oct 1976 255 - 310 26 21
Mar 1977 270 - 330 19 8
Mar 1978 350 - 400 33 73
Mar 1979 370 - 400 42 137

maximum period. The onset of spread-F occurs either during
the period when the base of the F-layer attains a broad maxi-
mum or during the descending phase of the F-layer. The former
alternative is a characteristic of the sunspot minimum period
and the latter is a feature of the sunspot maximum period. The
different types of spread-F usually follows a time sequence.
The nighttime spread-F activity starts with the appearance

of the bottomside spread-F, which is followed by a prolonged
period of range sprcad activity, then a mixture of frequency
and range sprcad, and finally thc onset of pure frequency
spread marks the end of the activity on a given night. Both
types of sprcad-F activity arc observed during the sunspot
minimum as well as the maximum period. The threshold al-
titude at which the spread-F onsct takes place varies from

300 km to 400 km depending on whether the solar activity is
minimuim or maximum. The upward velocity of the F-layer

that gives risc to the post-sunsct rise of the F-layer
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increases with solar activity and is observed to change by

a factor of 2 between 1977 and 1979.
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3. SCINTILLATIONS

The sudden onset of sprecad-F in the equatorial region
during the post-sunset hours, discussed in the previous
section, is accompanied by an equally abrupt development of
scintillations in the VHF-UHF range of frequencies. Scin-
tillations are observed in a series of distinct patches,
each patch lasting for a period of about an hour., Daily
plots of scintillations in October 1976, March 1977 (Whitney
et al., 1977), and March 1978 (Whitney, 1979) campaign
periods illustrate thesc features. Figures 3a-3e complete
this data basc by providing the temporal variation of scin-
tillation magnitudes observed on the 249 MHz transmissions
from the near synchronous satellite LES-9 at Ancon, Peru
during the March 1979 campaign. The ordinate shows the
peak to peak signal excursions in dB (Whitney, 19692) and
the abscissa thc universal time (UT & LT + 5 hours}. It
may be noted that scintillation magnitudes at 249 MHz exceed
25 dB and arc confined within distinct temporal structures
each lasting for a period of about an hour. The time vari-
ation of scintillations shown in Figures 3b-3e may be com-
parcd with the sequence of spread-F occurrence shown in
Table 2., For example, the delayed onset of range and
frequency type spread-F on March 22-23, 1979 observed in
Huancayo ionograms corrclatc very well with the delayed
onsct of scintillations on this night as shown in Figure 3e.

The results of scintillation mezsurements performed at
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Ancon with the 249 MHz transmissions from the LES-9 satellite
during the three March campaigns in 1977-1979 may be used to
study the variation of scintillations with solar activity.
Due to the movement of the satellite, the 350 km sub-iono-
spheric position of LES-9 (i.e., the intersection of the
propagation path with the 350 km ionospheric height) varied
in each year. Figure 1 shows the locus of the 350-km sub-
ionospheric position of LES-9 for each year and is indicated
by A(L-9). The ground station at Ancon (A) and Huancayo (H)
as well as the sub-ionospheric position of the Marisat
satellite as viewed from Huancayo are shown in the diagram.
Figures 4a-4c show the percentage occurrcnce of 249 MH:z
scintillations exceeding 10 dB as a function of UT in each
of the campaign periods. The abrupt onset of scintillations
at about 00 UT corresponding approximately to 1900 LT and
the maximum percentage occurrcnce of 249 MHz scintillations
exceeding 60% is noted. The persistence of scintillations
in the post-midnight period during 1978 and 1979 is found

to be a major fcature of high solar activity. In view of
the short duration of cecach campaign, the continuous 257 MHz
scintillation mcasurements made at lluancayo with the Marisat
satellite is shown in Figure 5 for the month of March during
1977-1979. The features mentioned earlier are reproduced in
this diagram and progressively higher scintillation occur-
rence in the post-midnight period with increasing solar

activity betwecen 1977-1979 is noted. This persistence of
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the post-midnight scintillations is probably due to the
enhanced ionization density available in this time interval
during the solar maximum period. It may be mentioned that
scintillation magnitudes are controlled primarily by the
integrated electron density deviation (AN) over the irregu-
larity layer thickness. This parameter (AN) is thus a
product of the irregularity amplitude (AN/N), the background
electron density (N), and the irregularity layer thickness.
When F-region irrcgularities are encountered over the equa-
torial region in the nighttime hours, a few percent irregu-
larity amplitudes are always obtained., On the other hand,
the background F-region density in the nighttime hours is in-
creased by about a factor of 10 during sunspot maximum. Thus
the preponderance of irregularities and high background ioni-
zation density during sunspot maximum increases greatly the
scintillation magnitudes and their duration.

In contrast to the scintillation measurements with
geostationary satecllites discussed in this section, the
SRI International performed phase and amplitude scintilla-
tion measurcmcnts with the orbiting Wideband satellite
during the March, 1977 campaign period which provided a
much broadcr spatial coverage over a short period of time.
The results of thesc observations arc very well summarized

in Rino ¢t al. (1977) and wil! not bec repeated herc.
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4. IRREGULARITY DRIFT MEASUREMENTS

During each of the 3 campaign periods, spaced recciver
scintillation measurcments were conducted at Ancon, Pcru by
recording scintillations on two independent rcceiving
systems with their antennas located on an east-west bascline
of 366 m. Near the magnetic equator, the F-region irregu-
larities are highly elongated in the magnetic north-south
direction and the only observable veclocity is in the east-
west direction (Briggs and Golley, 1968). The measurcd
velocity is called the apparent eastward velocity. Cross-
correlation analysis was performed on the two digitized data
channels each of 3 minutes duration and the time delay
yielding the maximum correclation was combined with the known
distance of separation to obtain the east-west drift speed.
Figures 6a (March 1977), 6b (March 1978), and 6¢ (March 1979)
show 15-min averages of this data plotted against time. The
diagrams indicate that the equatorial F-region irregularities
drift towards the east in the nighttime hours and the drift
magnitudes vary by a factor of about 3-4 during this period.
The variation in the drift speed affects greatly the
temporal structurc of equatorial scintillations. The most
noticeable feature of the Figures 6a-6c is thc extension of
a high drift velocity into the post-local-midnight time
period (local time = UT - S5 hours) seen in thc March 1978
data (Figure 6b). To a lesser extent, this is also scen in

the March 1979 plot (Figurc 6¢), but a paucity of data in

13
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this time period precludes easy identification. Tt may be
noted that the cast-west drift is a result of ExB forces,

E being the vertical clectric ficld and B the magnetic ficld
intensity. Thus from a knowledge of the eastward drift

speed, the vertical electric field may be estimated.
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5. SATELLITE IN-SITU DENSITY MEASUREMENTS

The in-situ measurements of clectron concentration and
its fluctuations by the Atmosphere LCxplorer-E (AE-E) satel-
lite over the equatorial F-region provide information on
the spatial structure c¢f the irregularities that are probed
by various ground-based techniques. Recently, in-depth
studies of the spectral characteristics of the equatorial
F-region irregularities have been performed and related to
the temporal structure of scintillations (Basu and Whitney,

1982; Basu et al., 1982). 1In this section, we shall con-

centrate on the in-situ data over the Peruvian sector

during the campaign periods when a variety of ground based

E measurements were available. It is, however, difficult to
t! obtain co-ordinated transits of a satellite during the
.

short campaign periods. As a result, this data base is

more limited than others presented here (ionograms, scin-

tillation and radar backscatter maps) and has been used in

v Y o .
A ST e

individual case studies coordinated with the other measure-
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ments. One such study is shown in Basu ct al. (1980).

Over the S campaign periods mentioned in Section 2, only

6 cases are available for such a coordinated study. All

B Ak AR 2 4
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but one of these cascs present the signature of '"bubbles"

AN A A
-

Sl (McClure et al., 1977) associated with "plumes" (Woodman
Eg and Lalloz, 1976) similar to that represented by the March
;i 20-21, 1977 data shown in Basu et al. (1980). The sixth
L! casc is shown here for its uniquenecss.

: Figure 7 shows two AE-L subsatellite tracks on
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March 30, 1977 betwecen 0000-0215 UT, along with the
Jicamarca ground station where 50 MHz radar backscatter
observations arc performed. Figures 8 and 9 illustrate

the ion concentration fluctuations between 17-20 MLT over
the longitudec interval 100°W to 70°W obtained by the ion
drift meter on board AE-E. Although the satellite samples
at an altitude of 275 km, the relative ion concentration
fluctuations correspond to those at higher altitudes over
the magnetic cquator. The entire magnetic flux tube takes
part in the instability process {Anderson and Haerendel,
1979) and therefore the relative ion concentration fluctu-
ations can bc mapped along the field lines, at least at
large scale-lengths. 1In view of the charge neutrality at
F-region heights, the fluctuations of ion concentration
represcent the electron concentration fluctuations. The
product of the magnitude of electron concentration fluc-
tuations at the mapped location and the local electron con-
centration yicld the electron density deviation which is of
interest in the modelling of scintillations.

The AE-E transit at 0031-0040 UT (Figure 8) indicates
large scale wave type fluctuations in ion concentration. The
next AE-L transit shows that the large scale fluctuations
arc replaced by discrete spatial regions having large
short-scalc fluctuations of elcctron density. It will be
shown in the next section that the 50 MHz radar at Jicamarca

detected 3-m scale irregularities at this time., The two

16
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successive AE-E transits provide a unique display of the
sequence of irregularity generation. The large-scale per-
turbation of the F-region, detected during the first
transit, may have actcd as a secding mechanism for the
subsequent plasma instability process which generated large
amplitude irregularities with short scale-lengths that werec
detected during the second transit. It should, however,

be mentioned that such a sequence of transits is extremely
difficult to locate. However, if a large scale perturbation
is a necessary precursor for small scale irregularities then
it has considerable potential for developing predictive

models of the irregularity environment.
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6. RADAR BACKSCATTER

During the campaign periods, radar backscutter obscrva-
tions at 50 MHz were performed at the Jicamarca Observatory
in close proximity to other ground based measurements Jdis-
cussed in the previous sections. The digital power mapping
technique applied to thesec backscatter observations provide
maps of the range and intensity of VHF backscatter as a
function of time which has enhanced our knowledge of equa-
torial spread-F (Woodman and LaHoz, 19706). It should be
noted that the 50 MHz backscatter arises from the irregular-
ities with 3-meter scale-lengths. On the other hand, in-
tensity scintillations in the VHF-UHF frequency band are
caused by the irregularities in the scale-length range of
about 100 meters to 1 km. Scintillation and radar back-
scatter data werc first utilized by Basu et al. (1977) to
explore the rclationship betwcen the meter and longer scale
irregularities in the equatorial spread-F. Subsequently,
measurcments of F-recgion irregularity by radar backscatter,
scintillations, ionosondec and satellite in-situ techniques
werc carcfully co-ordinated during the campaign periods to
investigate the structure of the irregularities in the
different scale-length regime, their evolution and decay
(Basu et al., 1978; Aarons et al., 1980; Basu and Basu,
1981 and refercnces therein),

In this scction, we have attempted to integrate the

radar backscatter observations made at Jicamarca during all
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the campaigns covering the period 1976-1979 as well as those
during Nov-Dec 1975 made available to us by J.P. McClure of
the University of Texas at Dallas,

Figures 10a-10c illustrate one backscatter map for each
vear, The maps illustrate the temporal variation of range
and intensity of the backscattering regions. During 1975-
1977, the maximum range of the backscatter maps was limited
to 700 km but it was extended to 1000 km during 1978 and
1979, The various decibel levels of relative intensity are
indicated by different shades in the diagrams, the darker
shades corresponding to more intense irregularities. Except
for Figure 10a, all maps indicate that the 3-m irregularity
structures are often extended in altitude by several
hundred kilometers resembling 'plumes' (Woodman and LaHoz,
1976). Several such plume structurecs arc obscrved between
the sunset and midnight time period. The base of the irregu-
larity structures are usually continuous and sometimes modu-
lated in altitude. This altitude modulation is morc marked
in Figures 10d and 10e which correspond to the sunspot maxi-
mum period. In addition, the plumes have varying amounts of
tilts, Since the irregularities drift towards the cast in
the equatorial region during the nighttimec hours, a tilt of
the plume towards increasing time signifies that in the
spatial domain the irregularitics are tilted towards the
west. Comparing Figurcs 10c-10e¢, it beccomes apparent that

the plume structures become more vertical with increasing

19
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solar activity. Figure 10a shows that on some nights plumes
may not develop and instead the irregularities remain con-
fined within a layer of about 50 km thickness, Figure 10a
also shows that 3-m irregularities may be detected as late
as 0200 LT. On some occasions, the 3-m irregularities are
detccted in the pre-sunrise period.

The long period modulation of the base of the plume
structures so marked in some backscatter maps as in Figures 10d
and 10e has been studied from the point of view of seeding
mechanism of spread-F by long period gravity waves, However,
these amplitude modulated bottomside backscatter structures
(AMBB) are usually observed in association with the plume
structures rather than as precursors of spread-F. Tsunoda
and White (1980) have discussed some cases in which the
bottomsidc backscattering regions first developed from the
western walls of the height modulated F-region and finally
the plumes werec observed from the crests of these regions.
The modulation period of the AMBB structures corresponds
to about an hour which translates to spatial dimensions
of about 400 km for an average irregularity drift speed
of 100 m/scc in the nighttime equatorial region. The iono-
gram data discusscd in Section 2 werc examined in conjunc-
tion with the buackscatter maps to determine the presence
of any corresponding signature in the hpjn data. It was
found the hpyi, data usually provides a signature correspon-

ding to the first AMBB structure in the evening but sub-
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sequent heavy spread around hpyip precludes any such com-

parison with the later structures. This signature is the
post-sunset rise and the subsequent fall in hgij,. ©On
certain nights, when the different spread-F structures were
separated by quiet periods lasting for a period of about an
hour, the rise and fall of hyj, associated with each of the
spread-F structures could be determined. Thus the height
modulation in hpjp and the AMBB structures are spatial
structures that drift with the spread-F and the plume struc-
tures. In the ionogram data or in the backscatter maps we
could not determine an unequivocal signature of the long-
period wave type fluctuations that may be viewed as pre-
cursors to subsequent spread-F generation. The routinec
15-minute ionograms occasionally exhibited an oscillatory
variation of hpjp prior to the onset of spread-F. This
variation may be studied with higher time resolution of
ionosonde soundings to determine if it is possible to iso-
late any distinctive precursor of spread-F.

Following Aarons et al. (1980) we illustrate in
Figures lla-1le, composite contours of the percent occur-
rence of backscatter echoes within 6 dB of the maximum
return for the period 1975-1979. We have reproduced the
composite maps for Oct 1976, Mar 1977, and Mar 1978 from
Aarons ¢t al. (1980) and added the maps for Nov-Dec 1975,
and Mar 1979. These maps may be studied to dctermine the

effects of the varying solar activity betwecen 1975-1979 on
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the structure of the 3-m irregularities in equatorial
spread-F. Comparing Figures llc-1le, which belong to the
same month over the period 1977-1979, it is noted that with
increasing solar activity both the minimum altitude and

the extent of the 3-m irregularities increase with increasing
solar activity. A study of the backscatter maps on indivi-
dual nights as shown in Figures 10c-10e, indicate that with
increasing solar activity, the altitude mcdulation of the
bottomside of the VIF backscatter become more pronounced,

the plumes become more vertical and the extent of the plumes

also increases.
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7. AIRGLOW AND TONOSONDE MEASUREMENTS BY TilE AIRBORNE
[ONOSPHERE OBSERVATORY

The instrumented aircraft of the Air Forcc Geophysics
Laboratory was used to make all sky images of 6300 A and
5577 A airglow emissions in the nighttime equatorial F-
region as well as perform ionosonde measurements during the
campaign period. Weber et al. (1978) showed for the first
time the ecxistence of north-south magnetic field aligned
regions of 6300 X airglow depletions. They found that
the dark bands of airglow depletions extend more than
1200 km in the north-south direction and 50-250 km in the
east-west direction. These structures were observed to
maintain their spatial integrity and drift eastwards at a
speed ranging between 50-150 m/sec. Combining the simul-
taneous airglow and ionosonde measurements on board the
aircraft, Weber et al. (1978) were able to track the
motion of the ionospheric scattering regions associated
with the walls of the airglow depletion structures. The
two sets of measurecments could be modelled by a bottomside
electron density deplction as shown in Figure 12.

The magnetic field alignment of the airglow struc-
tures implied that thc entire magnetic flux tube takes
part in the instability process as suggestcd by Haercndel

(1974).
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5 8. SUMMARY

It has been shown that following the post-sunset rise
of the F-region, the generation of equatorial spread-F
takes place when the F-region plasma enters its descending
phase. The altitude at which the onset of spread F is
observed varies by as much as 200 km depending on the
level of solar activity.

The post-sunset increase in F region altitude caused
by the enhanced eastward electric field as well as the

onset altitude of spread F arc observed to be significantly

higher during the solar maximum period. However, the full
range of spread F phcnomena encompassing saturated VHF/UHF
scintillations (km-scale irrcgularities) and intense radar
plume structurcs (3-m irrcgularities) are encountered at all
levels of solar activity. The usually observed westward tilts
of the plume structures are observed to undergo changes with
solar activity, the plumes becoming more vertical with
increased activity. The spaced receiver scintillation

measurcments indicate a trend of increased eastward drift

specd in the post-midnight hours during sunspot maximum
period signifying a persistence of cnhanced vertical
clectric field. Thus during solar maximum period, enhance-
) ments of both the pre-reversal electric field in the post-
sunsct period as well as enhanced vertical electric field
in the post-midnight hours arc encountered.

The coordinated multi-technique measurements of
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equatorial spread-F performed during the campaign periods
have considerably advanced our knowledge of spread-F gener-
ation and decay. It has been cstablished that the spread-
F occurs in distinct patches with overall E-W dimensions of
the order of several hundred kilometers. These patches
contain sub-structures or "bubbles", with E-W dimensions

of the order of few tens of kilometers. The bubbles may
contain irregularities spanning a wide range of scale-
lengths from tens of km to tens of cm.

These patches retain their identity and drift towards
the east and give rise to the temporal variation of various
observed parameters, e.g., phase and intensity of satcllite
signals, airglow and radar backscatter (Aarons et al.,

1978; Basu et al., 1978; Weber et al., 1978).

The generation of such a wide range of irregularity
scale-lengths can be explained only by invoking several in-
stability processes in a step by step manner which utilizes
the large scale primary irrcegularities as a seed for the
generation of small scale irregularities (Haerendel, 1974;
Fejer and Kelley, 1980). From an observation point of view,
however, the wide range of scalc sizes have been detected
simultaneously. It has not been generally possible to iso-
late a finite amplitude large scale perturbation of the back-
ground ionosphere preceding the formation of spread-F. Neither
have we been able to explain the presence of scintillation

on a string of days and their absence in the following few
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days. The answers to these questions will obviously help

us develop predictive models for cquatorial scintillations.
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11/20-21
11/26-27
11/27-28
11/28-29
12/1-2
12/4-5
12/5-6
12/9-10
12/10-11

12/11-12

Range:

Average:

Maximum rate of risc of hpip (m/scc) in any 15 min
interval beforc onsct of sprcad-F, time of this
rise and time of onset of spread-F,

next to the dates on which

Nov,

Max Rate of Rise

TABLE

Dec.

Time of Max Rate of

3

1975

of hyin (m/sec)

17

11

17

11

17

6

11

17

11

11

13

17

time during the night,

Rise of hpin (LT)

T - r—‘—‘

Onset of Time of

plumes

1915-1930
1830-1845
1800-1815
1800-1815
1845-1900
1800-1815
1945-2000
2015-2030
1900-1915

1830-1845

1800-2000

1900

Spread-F (LT)

A P is shown
were scen at some

1930
1900
1915
1830
1915
1830
2015
2100
1945

1915

1830-2100

1915
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TABLE 3 (continucd)

Oct. 1976
Max Rate of Rise Time of Max Ratec of Onsct of Time of
of hpin (m/secc) Rise of hpin (LT) Spread-F (LT)
10/16-17 P 22 1830-1845 1915
10/18-19 p 56 1815-1830 1900
10/19-20 % 22 1830-1845 1915
10/20-21 17 1915-1930 —_—
10/21-22 28 1845-1900 1945
10/24-2 p 6 1800-1815§ 1900
: 10/29-30 p 28 1830-1845 _ 1915
.- Range: 6 - 56 1800-1915 1900-1945
.
ﬁi Average: 26 1830 1915

[
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I

%
l

C AN
e

1

T

Maximum rate of risc of hpin (m/sec) in any 15 min
interval before onset of sprecad-F, time of this
rise and time of onset of sprcad-F. A P is shown

Cl s s 4

L‘ next to the dates on which plumes were seen at some

b time during the night,
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TABLE 3 (continucd)
March 1977

Max Rate of Rise Time of Max Rate of Onset of Time of

of hpin (m/sec) Rise of hyin (LT) Spread-F (LT)
3/13-14 16 1845-1900 None
3/16-17 11 1845-1900 1915
3/17-18 P 11 1915-1930 1945
3/19-20 p 22 1845-1900 1915
3/20-21 P 33 1830-1845 1900
3/24-25 —_ 2015
3/25-26 28 1830-1845 1930
3/27-28 P 17 1815-1830 1845
3/29-30 % 11 1745-1800 1845
Range: 11 - 33 1745-1845 1845-2015
Average: 19 1830 1900

Maximum rate of rise of hpip (m/sec) in any 15 min
interval beforec onsect of sprcad-F, time of this
rise and time of onset of spread-F', A P is shown
next to the dates on which plumes were seen at some
time during the night.
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TARBLi: 3 (continucd)

Miarch 1978

Max Ratc of Rise Time of Max Rate of Onsct of Time of

of hpijn (m/scc) Rise of hpin (LT) Spread-F (LT)
3/1-2 33 1845-1900 2015
3/2-3 p 44 1845-1900 1915
3/3-4 33 1845-1900 2000
3/4-5 P 33 1915-1930 1945
3/5-6 28 1915-1930 2000
3/6-7 P 28 1915-1930 2000
3/7-8 33 1945-2000 ' 2015
Range: 28 - 44 1845-1945 1915-2015
Average: 33 1900 2000

Maximum ratc of rise of hyip (m/scc) in any 15 min
interval before onset of sprecad-TF, time of this
rise and time of onset of sprcad-F, A P is shown
next to the dates on which plumes were seen at some
time during the night,
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3/19-20 p
3/20-21 p
3/21-22 P
3/22-23
Range:
Average:

Maximum rate of risc of hpyin (m/sec) in any

Max Ratec of Rise

of hpin (m/scc)

44

44

50

28

42

50

TABLE 3 (continued)

March 1979

Time of Max Rate of

RiSC 01- h"l’l” (l.T)

1830-1845

1830-1845

1830-1845

1830-1845

1830-1845

1830

Onset of Time of

TSpread-F (1) 7
2pread- )

1900
1900

1900

(mu:ﬁ"Tatcr)

1900

1900

15 min

interval before onsct of sprcad-F, time of this

rise and time of onsct of spread-F,

AP is shown

next to the dates on which plumes were scen at some

time during the night.
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Figure 1.

Figurce 2.

Figure 3.

FIGURE LEGENDS

Geometry of ionosonde, spaced receiver and scin-
tillation measurements. The Ancon (A) and
HHuancayo () ground stations are marked as are
the 350-km subionospheric intersections of the
LES-9 (observed from Ancon) and Marisat

(observed from Huancayo) satellites,

The daily variation of the height of the base
of the F-region (hpjp) with local time for the
5 campaign periods during the time interval
1700-2100 LT.

a) Nov - Dec 1975

b) Oct 1976

c) Mar 1977

d) Mar 1978

e) Mar 1979
In these figures, a dot (°*) signifies hpjp, a
bar (|) bottomsidc spread-F and an asterisk (*)

total range spread-F,

Temporal variation of 249 MHz scintillation
index, SI(dB), recorded at Ancon on the LES-9
propagation path during the March 1979 campaign.

a) March 19

b) March 20

¢) March 21

d) March 22

e) March 23
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Figurec 4.

T

Figure 5.

Figure 6.

Figure 7.

Figure 8.

PR T LA SPOr Y R W 8

TR ——— R PRIy~ W rmmm—m—~

Percentage occurrence of 249 Milz LES-9 scintil-
lation obscerved at Ancon excceding 10 dB as a
function of UT for the following campaign
periods:

a) March 1977

b) March 1978

¢) March 1979

Percentage occurrence of 257 MHz Marisat scin-
tillation observed at Huancayo exceeding 10 dB
as a function of UT for March 1977, March 1978,

and March 1979,

Average castward drift velocity of irregulari-
ties obtained by cross-correlation analysis of
spaced receiver data from Ancon taken in

a) March 1977

b) March 1978

c) March 1979

AE-T subsatellite tracks on March 30, 1977 with
2 tracks between 0000-0215 UT shown on map of
Peruvian longitude sector. Jicamarca (J) ground

station is also shown,

Ion concentration data obtained by the ion-drift
meter on board the Atmosphere Explorer-E satellite
during orbit #7192 on 30 Mar 1977 in the

Peruvian sector showing large scale wave type
fluctuations in ion concentration, UT, MLT,

Dip Lat and Long are marked.
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Figure 9,

Figure 10,

Figurc 11.

PR G W L TP

Ton concentration data obtained by the ion-drift
meter on bhoard the Atmosphere lixplorer-E satellite
during orbit #7193 on 30 Mar 1977 in the Peruvian
sector showing discretc spatial regions with

large short-scale fluctuations of electron

density. UT, MLT, Dip Lat and Long are marked.

Radar backscatter observations at 50 MHz illus-
trating the temporal variation of range anc
intensity of the backscattering regions. A
sample map is shown for each of the 5 campaign
periods.

a) 27-28 November 1975

b) 19-20 October 1976

¢) 29-30 March 1977

d) 4-5 March 1978

e) 21 March 1979

Composite contours of the percent occurrence of
backscatter cchoes within 6 dB of the maximum
reccived power.

a) Nov - Dec 1975

b) Oct 1976 (from Aarons et al., 1980)

¢) March 1977 (from Aarons et al., 1980)

d) March 1978 (from Aarons et al.,, 1980)

¢) March 1979
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Figure 12,

‘; hor % ';. I N N 2 1‘& . 1 . re

Model of electron density deplection based on
ionosonde and airglow observations made by

Weber et al. (1978).
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