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Abstract. Characteristics of simultaneous VHF (244 MHz) tures in the Range-Time-Intensity (RTI) images of HF radars,
and L-band (1.5GHz) scintillations recorded at a low- intensity bite-outs in airglow intensity measurements and
latitude station, Waltair (17°MN, 83.3 E), during the low  scintillations on amplitude, as well as the phase of VHF and
sunspot activity year of March 2004 to March 2005, sug- UHF signals from satellites, and are commonly referred to as
gest that the occurrence of scintillations is mainly due to twoEquatorial Spread-F irregularities (ESF). The ESF is mostly
types, namely the Plasma Bubble Induced (PBI), which max-confined to the equatorial belt ai20° magnetic latitudes,
imizes during the post sunset hours of winter and equinoctiaencompassing the Equatorial lonization Anomaly (EIA) re-
months, and the Bottom Side Sinusoidal (BSS) type, whichgion.

maximizes during the post-midnight hours of the summer Woodman and Lahoz (1976) classified the irregularities
solstice months. A detailed study on the spectral characobserved from the Jicamarca radar data into four categories:
teristics of the scintillations at both the frequencies showij) isolated “plumes” extending upward into the topside F-
that the post-sunset scintillations are strong with fast fading'egion; ii) a more or less continuous layer up to 100km in
(~40 fad/min) and are multiple in nature in scattering, giving thickness, called the “bottom side” Sp-F; iii) “valley” Sp-
rise to steep spectral slopes, whereas the post-midnight scifF |ocated in isolated patches below the bottom side F-layer
tillations, which occur mostly on the VHF signal with low and the more or less continuous with “sporadic E” layer, and
fading rate £4 fad/min), are of the BSS type, often show- jv) “explosive” Sp-F, a transient phenomenon observed occa-
ing typical Fresnel oscillations with reduced roll off spectral sjonally.

slopes, indicating that the type of irregularity resembles a |t s widely accepted that the generalized Rayleigh-Taylor
thin screen structure giving rise to weak scattering. Usmg(RT) instability is the prime mechanism responsible for the

the onset times of several similar scintillation patches acrosgeneration of the ESF irregularities, but this mechanism (RT)
the two satellite (FLEETSAT 73, INMARSAT 65°E) ray  gjone cannot explain the various types of irregularities that

paths (sub-ionospheric points are separated by 82km), thgre generated in equatorial ionosphere. In fact, under the
East ward movement of the irregularity patches is found topame of ESF, there could be more than one physical process,
vary from 150 to 250 m/s during the post sunset hours andyhich has the production of electron density fluctuations as
decrease slowly during the post midnight hours. Further, they common effect. They all occur in the equatorial F-region
east-west extent of the PBI type of irregularities is found t0jonosphere, during the night, and are capable of producing ir-
vary from 100 to 500 km, while that of the BSS type extend reqy|arities of scale sizes ranging from several hundred kilo-
up to a few thousand kilometers. meters to a few centimeters, which can cause spread echoes
Keywords_ |0nosphere (|onospheric irregu|aritie5; Auroral inthe ionograms and scintillations of radio waves from satel-
ionosphere; Electric fields and currents) lites at HF to microwave frequencies.

Krishna Moorthy et al. (1979) classified the scintillations
into two types, namely Class-I and Class-Il, based on their
fading rates and the association with bottom side Sp-F. They
reported that the Class-I scintillations mainly occur during

The nighttime equatorial ionospheric F-region often showstN€ Pre-midnight periods with fast fading rates (fading rate

the presence of plasma density irregularities which manifest”0-1 ¢Ycles/s) and are associated with arange type of spread-

themselves as spread-F on the ionograms, plume-like strud- On lonograms, whereas the Class-Il scintillations occur
around the post-midnight hours with slow fading rates (fad-
Correspondence td®. V. S. Rama Rao ing rate <0.1 cycles/s) which are associated with frequency

(palurirao@yahoo.com) spread on lonograms.
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Yeh et al. (1979) and Das Gupta et al. (1983) have foundby 54 min (0.9 longitude) with respect to that of FLEETSAT
that TEC-depletions, which are the signatures of plasma bub¢sub-lonospheric co-ordinates 16M, 82.7 E) at the effec-
bles, are always accompanied by an amplitude scintillatiortive ionospheric altitude of 350 km, i.e. a distance of 82 km
of a very high intensity and fading rate. They have also re-separates the two signal paths which facilitates the compu-
ported that during the pre-midnight period, there were occa+tation of zonal drift velocities (west to east) with reasonable
sions when a series of bubbles were observed within a singlaccuracy.
scintillation patch.

Das Gupta et al. (1983) reported that, during the equinoxes
the scintillation patches were numerous with short periods of3
tens of minutes interspersed with absolutely quiet intervals.
On the other hand, the summer solstice months were charx | ch - f scintillati f :
acterized by scintillations with extended periods lasting for3'1 Iiﬁteigtsra characteristics of scintillations of PBI irregu-
several hours during a single night.

From scintillation measurements at Huancayo°@p i i
Basu et al. (1986) reported that discrete amplitude scintil-Following the observations of Basu et al. (1986), the present

lation patches observed were associated with plasma bubblé@t@ is classified as the PBI type if the scintillation record
mostly in the post-sunset hours, while continuous scintilla-ShOWS several short duration patches with fast fading, and as

tion events existing for longer durations were associated witfh€ BSS type if the record shows a continuous patch lasting

Bottom Side Sinusoidal (BSS) irregularities around the post_for several hours with low fading rates. The scintillations

midnight hours. It has also been reported that the frequenc;‘}iue to PBI irregularities are identified by thei.r squen/gbrupt
of occurrence of BSS irregularities maximizes in the local ©nSet around the post-sunset hours with high intensity and
summer. fading rates. These scintillations generally appear as several

The objective of this paper is to present a comparativeShort duration patches and were associated with range type

study on the PBI and BSS types of irregularities in termsSpread'F on the ionograms (Yeh et al., 1979; Das Gupta et
of their signatures on scintillation spectra at VHF and L- al., _1983; Valladares et al., 1983; Basu et ’?‘I"_ 19_86)'

band frequencies observed at Waltair (8. B2geomagnetic ~ Figure 1 shows an example of PBI scintillation records
latitude), a station which lies between the magnetic equato”nd the corresponding intensity (amplitude) spectra at VHF
and anomaly crest in Indian sector, during the low and de{(244MHz) and L-band (1.5GHz) frequencies on a typical

scending phases of the sunspot activity period (March 20041ight of 26 March 2004. The scintillations at VHF (Fig. 1a)
to March 2005). are intense and almost saturated ¥846) and have a fast

fading rate that varied between 0.75 and 0.5 cycles/s (45—

30 fad/min), whereas at the L-band (Fig. 1c) the intensity is
2 Data and methodology moderate (S#0.3) and shows a low fading rate that varies

between 0.33 to 0.23 cycles/s (20-14 fad/min). The high in-
Simultaneous scintillation measurements at VHF (244 MHz)tensity and fast fading rates of VHF scintillations are due
and L-band (1.5 GHz) frequencies were made from two geoto multiple scattering of radio waves with the wide range
stationary satellites, FLEETSAT (7&) and INMARSAT  of irregularities that are embedded in the plasma bubbles,
(65° E), respectively at the Indian low-latitude station, Wal- which are moving with high velocities, whereas the L-band
tair (17.7 N, 83.3 E). The scintillation data were recorded frequency signal is sensitive to the small-scale irregularities,
at a sampling rate of 20 Hz, using an online digital data ac-and the scattering is less intense with low fading rates. It is
guisition system. A co-located digital lonosonde was alsoobserved from the figure that the VHF scintillation intensity
in operation during the same period and the lonograms werspectrum (Fig. 1b) exhibits a flat, low-frequency region and
obtained at 15-min intervals. a steep roll off (slope p=6.3) in the high-frequency region,

A total of 314 scintillation patches at 244 MHz and 229 with a break around 1-2 Hz, whereas a less steeper roll off
patches at 1.5 GHz were observed during the present periotslope p=-3.5) is observed at the L-band frequency (Fig. 1d),
of observation (March 2004 to March 2005). A careful study with a break (§) at 0.216 Hz.
of the scintillation events in terms of fading rates, S4 indices, The temporal spectra of several scintillation patches were
scintillation patch durations, power spectra and their associevaluated and it was found that the plasma bubble induced
ation with range/frequency type Spread-F on ionograms, ha¥HF scintillations exhibit a flat, low-frequency region and
been carried out. steep roll off (with slopes (p) betweer4 and —7) in

Power spectra of several scintillation patches observed athe high-frequency region, with a break (Fresnel break fre-
244 MHz and 1.5 GHz were computed using the FFT algo-quency, §) around 1-3Hz. The L-band scintillation ampli-
rithm for each 2-min data segment. The spectral charactertude spectra exhibit power law behavior, with a break fre-
istics of the PBI type scintillations were found to be clearly quency of 0.1 to 0.3 Hz, and the high frequency roll off is also
different from those of the BSS type scintillations. less steep (slopes (p) are varies betwe@rb and—4), indi-

Further, the ray path to the INMARSAT (sub-lonospheric cating that small-scale structures are embedded in the large-
co-ordinates 164N, 81.8 E) is inclined towards the west scale structures/plasma bubbles.

Results
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3.2 Spectral characteristics of scintillations of BSS type ir- 5
regularities S, FLEETAT (77°E)
. . o3
During the summer solstice months of May, June, July and g ,
August 2004, the presence of the BSS type of scintillations =
was significant at 244 MHz, with a low fading rate (fading < ' ol P SR B LK
0 .15 cls 0.77cls | 0.68 cls 0.65cls 05 cis

rate <0.1 cycles/s or 6 fad/min), whereas the scintillations at 19:00  20:00 21:00 22:00 23100 _00:00 0T:00 02:00 03:00 04.0¢
1.5 GHz were almost absent. These were found to be associ 1°E-f’;_ ) Time 1340- 1942
ated with the frequency spread on the lonograms. The onse , ,.,! 4 s 06
of these scintillations was mostly around the post-midnight %15_5,
hours and continued for longer durations3(h). “ies)

Figures 2a and c show typical examples of VHF scintilla-  1&7}

tions due to BSS type irregularities recorded on 27 May and  'E§.7 0-1 i 1
22 July 2004, respectively, at 244 MHz. In Fig. 2a, scintil-  , 5; Frequency ()

lation started at around 01:20 h IST and continued until the < 4| NMARGAT (65°E)
sunrise hours (for a duration of about 260 min). The corre- < ;3|

sponding S4 index was about 0.3, and the average fading rate 3

between 02:00 to 02:30h IST was 0.05 cycles/s (3 fad/min) :% et el o o

and between 03:00 to 03:30h IST it was 0.066 cycles/s 0 ‘ ‘ ‘ ‘ , , , ‘ ‘
(4 fad/mln) Figure Zb ShOWS the pOWGr Spectrum com- 19:00 20:00 21:00 22:00 23:OD|STOO:OD 01:00 02:00 03:00 04:00
puted for a 2-min data segment at 03:06 h and the power law ”E-?; L)
spectral index (p) determined from the slope of the best fit .
straight line in the frequency range 0.066—0.6 Hz w&s2. SiEsL
In Fig. 2c, is another example of the BSS type of scintilla- PN
tion which occurred on 22 July 2004, which has an S4 index 1e7f
of about 0.4 £10dB) at the time of onset and it decreased  1&:§ - - ; o
as the time progressed. The average fading rates compute Frequency (Hz)

for the 30-min duration at various stages of this scintillation

_patCh are indicated in the figure, along with the _CorrESpond'Fig. 1. (a)Typical PBI scintillation record of 244 MHz on 26 March

ing power spectrum (Fig. 2d shows a spectral index (p) ofx04. (b) Power spectrum of scintillations of the record shown in

—3.04). Fig. 1a. (c) Typical scintillation record of 1.5 GHz on 26 March
It was interesting to observe the presence of a systematieoo4. (d) Power spectrum of scintillations of the record shown in

modulation superimposed on the linear roll-off portion of Fig. 1c.

the spectrum, known as the Fresnel oscillation in the spectra

(Figs. 2b and d). The first three Fresnel minima were ob-

Time : 19:35- 19:37
Slope:- 3.5
S4 1 035

5

o

served at{, /2 f1, /3 f1, where §=0.096 Hz and 0.15 Hz in e 27th May.2004 © e

FLEETSAT (73°E)

244 MHz
FLEETSAT (73'E)

~

Figs. 2b and d, respectively. In the present case, the Fourie|
spectra were evaluated for each 2-min data segment of all -
the scintillation patches (Figs. 2a and c), and Fresnel oscilla-
tions were observed only occasionally. The spectra shown in S e
Figs. 2b and d are the best ones in which the Fresnel minime éis—s % im0 & ze°6375°/solo§o o o
were clearly detectable, whereas in the remaining spectra the oo e 25208 10 7308
Fresnel minima are not seen distinctly. sl ® ;""" %%Zo‘;f”“ el @ b loen
The presence of the Fresnel oscillation in the spectra nor-_e. S oes o
mally indicates that the irregularity is confined to a thin layer Zes
of thickness less than 100km. The first Fresnel minimum s t,=ossov: |
f1=Vol,/(,z), has been shown (Rufenach, 1971, Yeh and '
Liu,1982) where\ is the wavelength of the scintillation mea- &
surement, z is the slant range of the observer to the irregu-
larity layer, andV, is the irregularity velocity normal to the

w

Amplitude in Volts
S
Amplitude in Volts
EOS

%)

o
1E-6
f,=0.15Hz

1ET Vo =102.45 m/s

1E-8
0.01 0.1 1

0.1 1
Frequency (Hz) Frequency (Hz)

. . . . Fig. 2. (a) Typical BSS type scintillations record on 27 May 2004.
propagation path. Slnce.the zenith angte)(fr.om Waltair (b) Power spectrum of scintillations of the above record (Fig. 2a)
to the FLEETSAT (73E) is 22.7, and assuming the effec- showing Fresnel oscillations(c) Typical BSS type scintillations

tive height of the lonospheric Pierce Point (IPP) as 350 kM, record on 22 July 2004d) Power spectrum of scintillations of the
the slant range is z=IPP altitude x Sge:379.39km in the  above record (Fig. 2c) showing Fresnel oscillations.

present case. Thus, the computed horizontal velocities of ir-

regularities across the signal paths are 65.57 m/s (Fig. 2b)

and 102.45 m/s (Fig. 2d), which were found to be well within
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FLEETSAT (73°E)
244 MHz

INMARSAT (65*E)
1.5 GHz

Fig. 3. Geometry of the signal paths from the two geostationary

satellites (FLEETSAT, 73E and INMARSAT, 65 E) to the receiv-
ing station at Waltair.
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Total No.of Patches - 116

No.of Scintillation Patches
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Zonal Drift Velocity (m/s) (West to East)
of the scintillation patches

Fig. 4. Histogram showing the distribution of zonal (west to east)
drift velocities of PBI irregularities.
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Fig. 5. Local time variation of zonal drift velocities of PBI irregu-
larities.

3.3 Zonal drift velocities of PBI type irregularities

In Fig. 3, the geometry of the signal paths from the two geo-
stationary satellites, FLEETSAT (7&) and INMARSAT
(65° E), and their sub-ionospheric co-ordinates is shown.
The ray path to the INMARSAT is inclined towards the west
by 54 min (0.9 longitude) with respect to that of FLEET-
SAT. The ionospheric intersection points of the two paths lie
on an E-W line at 350 km altitude and are separated by a
horizontal distance of 82km. In most of the cases it is ob-
served that the scintillation patches start 5 to 8 min earlier on
the INMARSAT (1.5 GHz) signal (westward) with respect
to the FLEETSAT (244 MHz) signal (eastward), suggesting
that the irregularities are drifting from west to east. Although
there could be a frequency dependence on the onset of scin-
tillations at the VHF and L-band frequencies, which is eval-
uated to be very small (Franke and Liu, 1984; Vijaykumar
and Pasricha, 1996), the zonal drift velocities (west to east)
of ionospheric irregularities are computed based on the exact
time delay between the onset times of the scintillations at the
two frequencies along the two ray paths of the satellites.

While evaluating zonal drifts, only those scintillation
patches (a total of 116) having a similar structure at both
VHF and L-band frequencies are considered, and the distri-
bution of zonal drift velocities are presented in Fig. 4. Itis
seen from this figure that the zonal drift velocities are found
to vary between 50 and 300 m/s, wherein the velocities be-
tween 150 and 250 m/s are more probable, which is in agree-
ment with the results reported by the earlier studies (Aarons,
1980; Franke and Liu, 1984; Vijaykumar and Pasricha, 1996;
Bhattacharya, et al., 2001).

The zonal drift velocities were found to decrease slowly
with local time (Fig. 5) and show a large day-to-day vari-
ability. The variation is more pronounced before 22:00h
IST. These large variations in the pre-midnight period could

the range of velocities reported earlier in the literature (Yehbe due to theE x B drifts arising from perturbation elec-
and Liu, 1982; Franke and Liu, 1984; Basu et al., 1986; Bhat-tric fields associated with equatorial plasma bubbles in the

tacharya et al., 2001).

early phase of their evolution. The day-to-day variation is
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Fig. 6. Histograms showing the distribution of the patch duration of Fig. 7. Histogram showing the distribution of size (Eatest ex-
the scintillations recorded &) VHF and(b) L-band frequencies.  tent) of PBl irregularities.

:elatlvely S”.‘at" 3fte.;hZZ:Oi) th)StT’ beclautsg tfhek;/elloctltt]y struc-of 5 to 8 min (Rama Rao et al.; 2000). The size distribu-
ures associated with perturbation €lectric nelds in the equag,, ¢ thege irregularities is presented in Fig. 7. It may be
torial F-region are eroded in a couple of hours after the irreg-

lariti initiated. while the density struct it $bserved from this figure that the size{®/ extent) of the ir-
varities are initiated, whiie the density structures assoclate egularities varied from 100 to 1200 km, wherein the patches
with scintillation-producing irregularities continue to exist

. . with east-west extent of 100 to 500 km were most numerous.
fof several hours longer and move with the ambient IOIasmal’hus, the east-west extent of 100 to 500 km results in large
drift (Bhattacharya et al., 2001). axial ratios, where irregularities stretched more in the north-

. ) . south direction up to the anomaly crest than in the east-west
3.4 Patch durations and east-west extent (size) of PBI Irgirection (Aarons et al., 1980).

regularities o o )
Similarly, considering the patch durations of 260 and

The patch durations of scintillations are mostly similar at 222 min of the BSS type of irregularities presented in Figs. 2a
both the frequencies, as may be seen from Fig. 6. The duanq c, respgctlvely, and the correspon'dlng horizontal drift ve-
ration of these patches were found to vary between 5 andocities derived from the Fresnel o_scnlatlon_s_, the east-west
150 min, in which the occurrences of scintillation patches&Xtent of the above two patches of irregularities is computed
with durations of 10 to 45min are more probable. The to- and found .to be 1022.89 and 1364.53 km,.respectlvely. These
tal number of patches observed at 244 MHz is higher (314)/alues lie in the range of the-BV dimensions of 1000 km
than that at 1.5 GHz (229) because, on many occasions th@nd above as reported by Basu et al. (1986).

PBI scintillation patches during the post-midnight hours are  From the data of solar maximum period of 1979-1980 Das
absent at the L-band frequency. Gupta et al. (1983) have also reported that the east-west ex-
Combining the data of zonal drift velocities derived from tent of the irregularities was found to vary from 350 km to
the 116 patches and the patch durations of these scintilla2000 km. Since the equatorial ionospheric irregularities are

tions, the size in the east-west extent of the irregularitieselongated along the magnetic field lines (updtt5° mag-

is computed using the simple relation—B/ extent=zonal netic latitudes during low solar activity period), their north-
drift velocity x patch duration, assuming that the irregularity south dimensions can extend up to a few thousand kilome-
structure will not change much within such a short durationsters.
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4 Discussion the smaller scale irregularities embedded in the large-scale
plasma bubbles. Also, the large spectral slopes indicate
The occurrence of PBI scintillations is maximum during the that the scattering is from multiple structures from differ-
post-sunset hours of equinoctial months and mostly appeagnt scale sizes of irregularities during their generation and
as several short duration patches of 10-45 min in durationgrowth stages. The low values of break frequencies and the
interspersed with quiet intervals. whereas the occurrence opectral slopes observed in the BSS type scintillation spectra
scintillations due to the BSS type of irregularities maximizes indicate that the scattering is weak and results from a thin
around the post-midnight hours of summer solstice monthdayer. Thus, the spectra of the BSS type scintillations show
(May, June, July and August) and are generally characterfFresnel oscillations on the roll off portion with detectable
ized by long duration patches of 3h or more. Das Gupta efresnel minima at4, \/2 f;, \/3 f1, suggesting that the ir-
al. (1983) have also found from their observations at a Southregularity vertical extent is confined to a thin layer of thick-
ern Hemispheric station, Arequipa, Peru (R4 71.5 W, ness less than 100 km (Rufenach, 1972). Fresnel oscillations
9° S dip), that the BSS type of scintillations during Decem- are expected in the Fourier spectrum of scintillation based on
ber solstice existed for several hours during a single nighthin-screen approximation and weak scattering theory when
and that the PBI scintillations occurred during the post-sunsethe diffraction pattern is elongated in one direction, having a
hours of equinoxes, showing several short duration patchesomponent of motion normal to the direction of elongation,
and were always associated with TEC depletions. Basu eand when the spatial spectrum of electron density fluctua-
al. (1986) have reported that the BSS type of scintillationstions is sufficiently smooth (Singleton, 1974). In the equa-
recorded from the GOES-2 satellite at Huancayo during &orial F-region, the geometry needed for Fresnel modulation
high sunspot activity period of 1979 showed that they couldalways prevails, and the irregularities are elongated in the N-
exist for long durations (more than 6 h) without a break. S direction, and the resulting anisotropic pattern drifts in the
The plasma bubbles responsible for the occurrence of PBE—W direction because of “superrotation” (Rishbeth, 1971;
scintillations are very intense and can extend up to the topWoodman, 1972; Basu et al., 1986).
side F region in plume-like structures. During the sunsetand The horizontal drift velocities of the BSS type irregu-
post-sunset hours, the F-region ambient ionization is relalarities computed from the observed Fresnel minima in the
tively high with steep gradients in the electron density which power spectrum (Sect. 3.2) are low compared to the east-
are responsible for the operation of generalized Rayleighward drift velocities of the PBI irregularities (Sect. 3.3). The
Taylor instabilities to operate and for the generation of ir- high drift velocities of the PBI irregularities are due to the
regularities of various scale sizes, ranging from several kilo-presence of strong polarization electric fields during the post-
meters to few centimeters. These irregularities cause rangsunset hours, which enhances the eastward plasma drift ve-
type spread-F on the ionograms, strong (almost saturatedpcity (Kelley, 1989). The BSS irregularities, which mostly
scintillations at VHF and moderate scintillations at L-band occur around the post-midnight hours, drift along with the
frequencies, whereas during the post-midnight hours, the Fambient plasma which reduces due to the weakening of the
region ionization is relatively small; the density gradients arewestward electric field (E) during the post-midnight to pre-
also less and hence the BSS type irregularities generated dugtawn hours.
ing the post-midnight hours are relatively weak. The density The longer patch durations of the BSS type scintillations
gradients are confined to thin irregularity layers in the bot-suggests that the BSS irregularities extend to a few thousand
tom side F-region, which manifest in the form of frequency kilometers in the east-west direction. Valladares et al. (1983),
type spread-F on the ionograms, and cause moderate to ifrom AE-C and AE-E satellite data, reported that the BSS ir-
tense scintillations at VHF with no signatures on microwaveregularities are observed in the bottom side F-region at night
frequency signals (L-band). Krishna Moorthy et al. (1979) in a narrow belt extending approximateld1 2 from the dip
have also reported that the Class-Il scintillations are basiequator up to 7500 km or more in the east-west direction,
cally due to irregularities of a much larger size than thosewhereas from the present study, the east-west extent of the
responsible for Class-I scintillations. These large-scale andPBI irregularities were found to range from 100 to 500 km
relatively weak irregularities are responsible for high fading in the majority of the cases. From earlier studies, Aarons et
periods (low fading rates) and low S4 index values in VHF al. (1980) and Rama Rao et al. (2000) have reported that the

scintillations with no signatures at L-band frequencies. east-west extent of the irregularity patches during post-sunset
The amplitude spectra of the PBI scintillations at VHF ex- hours mostly vary between 50-250 km.
hibit a flat, low-frequency region with roll off (pz—4 to The percentage occurrence of scintillation activity at both

—7) in the high-frequency region, with the Fresnel break fre-VHF and L-band frequencies is predominantly higher dur-

quencies (§) ranging from 1 to 3 Hz, whereas the spectra of ing the post-sunset hours of the equinoctial months (March,
the BSS type scintillations exhibit lower Fresnel break fre- April, September and October) and moderate during winter
quencies () of 0.06-0.1Hz, with reduced spectral slopes (November, December, January and February) and low dur-
(p ~—2.5t0—3.5) in the high-frequency region. The higher ing the summer solstice months (May, June, July and Au-
values of the Fresnel Break frequencieg)(bbserved in  gust), in this low and descending phase of the solar activity
the PBI scintillation spectra indicate that there is a signif- period of 2004—2005. The equinoctial months are mainly

icant amount of forward scattered power contributed fromcharacterized by the peak occurrence of PBI scintillations
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