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SUMMARY

PR OBLEM

Compare information available in the literature on therm ospheric zonal winds with
information on the occurrence of equatorial ionospheric scintillation to look for a correlation
between the two phenomena. Additionally to look for a correlation between scintillation
intensity of satellite signals and the diffraction patte rn dri ft velocity, using data fro m spaced-
receiver measurements made in Guam in 1 976 on Gapfiller/Mar isat UHF and L-band signals.
The objective of this study is to try to evaluate the theory that zonal therm ospheric winds
are the generating mechanism for the ionospheric irregularities that cause scintillation.

RESULTS

Zonal winds at F-region heights have been shown to exist , both indirectly, by means
of models of global atmospheri c density and pressure , and directly, by means of measure-
ments of doppler shift in the nighttime air glow at the 6300 A oxygen line. The diurnal
variation of these zonal winds in equatorial regions shows a pronounced similarity to the
nighttime vari ation of equatorial scintillation intensity. Seasonal and solar-cycle variations
in zonal wind s have not been investigated in enough detail , however , to make a very mean-
ingful comparison with the seasonal and solar-cycle occurrence of equatorial scintillation.

Comparisons of scintillation intensities with diffraction pattern drift  velocities show
good correlation , suggesting that the irregularities in the ionospheric electron density that
cause the scin tillation may be genera ted by turbulence produced by zonal winds. Night-to-
night differences in the dependence , however , would indicate that , while zonal winds may
be a necessary condition for scintillation , other factors also contributing to the scintillation
intensity must be identified as well.

RECOMMEND ATIONS

With the occurrence and the intensity of equatorial scintillation increasing as solar
activity increases , additional spaced-receiver measurements should be made at both UHF
and L-band frequencies to get further comparison between diffraction pattern drift  velocities
and scintillatio n intensity. The L-band measurements would be particularl y useful since the
scintillation at these frequencies doesn ’t reach saturation as soon as that at UHF.

Neutral thermospheric temperature s should also be monitored to look for a correla-
tion between scintillation inten sity and nighttime thermospherj c temperatures and between
zonal winds and nightti me thermospheric temperatures.

The zonal component of the neutra l wind could be measu red using the doppler shift
of the 6300-A oxyge n line techni que. Thermospheric temperatures could be determined
fro m the doppler broadening of that same line.

These technique s would require that the measurements be made in some equatorial
location where cloud cover would not be a problem.

Satellite measurements of solar radiations and particles should also be examined for
periods when these measurements are made to look for solar effects that migh t sustain the
nighttime therm ospheric temperature and also look for other contributions to the scintillation
int ens ity.
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INTRODUCTION

Equatori al scintillation has been found to have , at times , a highly disruptive effect
on UHF satellite communications of ships and communications stations in equatorial
regions (Refs 1 , 2). These effects can endure up to 5 hours and more per nigh t , especially
for period s around the equinoxes. Equatorial scintillation becomes progressively more in-
tense and more frequent with increasing solar activity. Since a new solar cycle is starting
and activity beginning to increase , the disruptive effects can be expected to incre ase in
duration , intensity, and frequency of occurrence.

Although equatorial scintillation has been studied for many years no accepted
theory has been developed to expla in how the irregularities in electron density in the
ionosphere , which cause the scintillation , are generated. If a generating mechanism can be
identified it may be possible to predict when and where scintillation can be expected to
occur.

Some results of a recent investigation of equatorial ionospheric scintillation of UHF
satellite signals conducted by Naval Ocean Systems Center at the Naval Communication Area
Master Station (NAVCAMS) in Guam suggest the possibility that the ionospheric irregular-
ities may be generated by turbulence produced by zonal winds at ionospheric heights (Ref
2). The purp ose of this report is to look at any info rmation available in the literature on
zonal winds and turbulence at ion ospheri c heights and how they vary diurnally and with
solar activity and to try to evaluate feasibility of turbulence as a generating mechanism
for ionospheric irregularities.

Additionally, the scintillation data taken on Guam in 1976 will be further processed
to try to show a better correlation between the drif t  velocity and the scintillation intensity.

TURBULENCE THEORIES

Spaced-receiver measurements made at Jod refl Bank , England , in the early 1950’s,
using radio stars as signal sources (Ref 3), led Maxwell (Ref 4) to propose turbulence as a
possible generating mechanism for the ionospheric irregularities which cause radio frequency
scintillation. Using experimental data available at that time he estimated the Reyonlds
number to be on the order of 300 for the F-region between 300 and 400 km and around io~
between 200 and 300 km. He states that , according to jet stream experiments , the critical
valu e for the Reynolds number may be as low as 30. That is , for Reynolds numbers higher
than this critical value , turbulence can be expected to occur. The Reynolds number is given
as

p vQ0
Re =

p

where v is the velocity diffe rence over a height , Q~ , p is viscosity , and p is density.
The non-appearance of scintillation during the daylight hours is explained by Maxwell

as being due to the inhibition of turbulence by large temperature gradients , by lower drift
velocities , or by an increase in the kinematic viscosity. The appearance of scintillation , then ,
represents a transition from laminar flow during the daytime to non-laminar flow at night.

Dagg (Ref 5),  who was also involved with the Jod rell Bank spaced-receiver measure-
ments , disagrees with Maxwell ’s theory . According to Dagg, Maxwell’s theory would require 
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a motion of the whole atmosphere at an altitude of 300 to 400 km , and the measurem en t
of ionization drift would be a measurement of the total atmospheric drift velocity. Since
velocity measurements were occasionally as high as 2000 m/sec, a veloci ty which greatly
exceeds the speed of sound at that altitude , Dagg doesn’t thin k that the total atm osphere
could be drifting. Further , Dagg notes that a close correlation has been shown to exist
between drift speed and changes in the earth’s magnetic field , and i t is not clear how changes
in the earth’s magnetic field can influence motions in the neutral air in the F-region . Dagg
evide ntly doesn’t conside r the possibility of neutral winds influencin g the magnetic field
through the ionized material. Dagg’s third objection to Maxwell ’s theory is that ionized
material driven by zonal winds in the F-region would be strongly damped because of the
earth’s magnetic field and would not respond to the neutral winds.

In a companion paper Dagg (Ref 6) proposed a theory which attributes the gener-
ation of irregularities in the F-region to turbulent wind motion in the dynamo region at
a height of 1 10 to 150 km. The turbulence is transfe rred to the F-region by the turbulent
component of the electric potential field which is produced . It isn ’t clear how this theory
explains , any more than Maxwell’s, the high drif t velocities that they measured.

In the original experiments of Maxwell and Dagg (Ref 3) it appears that many of
their measurements were made using an east-west receiver spacing of 368 m and a north-
south spacing of 315 m. This spacing would require very precise measurement of time
differences for the high velocities that they report. Erro rs as small as a tenth of a second
in time difference could result in large errors in velocity. The technique used to obtain
time diffe rences was that of matchi ng similar fades. In this technique short sections of
charts for pairs of receivers are slipped to line up similar fades and the time difference is
measured. This technique is not very accurate for determining drift velocities when samll
time differences are involved. Changes in the diffraction pattern as it drifts can shift the
position of fades with respect to each other. These shifts , as well as short -time vertical
components of drift , can indicate incorrectly high and low velocities. This may have pro-
duced the very high velocities that they measu red.

Rishbeth (Ref 7) investigated the question of magnetic damping in the F-region for
the eq uatorial case . Particular consideration was given to times around sunrise and sunset.
He found that pressure gradients in the neutral air produce zonal winds , westward at sunrise
and eastward at sunset. These winds produce vertical currents , which set up polarization
fields . During the day these polarization fields are discharged through the E-layer. At
night the E-layer is not suff iciently conducting so the polarization fields in the F Region
build up and the plasma tends to move with the neutral wind.

THERMOSPHER IC WINDS

EVIDENCE FOR F-REGION NEUTRAL WINDS

Atmospheric drag is a major force affecting the period of a satellite at F-region
heigh ts . If the satellite orbit is sufficiently elliptical , most of the drag occurs at perigee.
Changes in satellite period , the n , can be used to determine atmospheric d rag, and from
those changes atmospheric densities can be obtained at or near perigee. Jacchia (Refs 8, 9)
and Jacchia et al. (Re fs 10, 11) used atmospheric drag on a large number of satellites to
map global distributions of density and tempe rature at F-region heigh ts for various solar
and geomagnetic conditions. These distributions were used by various investigators to
calculate global wind models at F-region heights.

2
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Kohl and King (Ref 12) used Jacchia ’s (Ref 8) atmospheric model to calculate
global wind systems in the upper atmosphere for various local times. Figure 1 is an example
of their calculations for an altitude of 300 km and a peak electro n density of 3 x l0~ per cm 3
(sunspot minimum or night conditions). Figure 2 is for 106 electrons per cm 3 (sunspot maxi-
mum or daytime conditions). These calculations do not take into consideration a day-to-night
variation in electron/ ion density that would result in a diurnal variation in ion drag. This
variation could modify their results. A combination of the night side of Fig. I with the day
side of Fig. 2 might be more realistic. The times of maximum and minimum zonal winds
would probably also be shifted.

Challinor (Ref 13) used an asymmetric pressure model , which he considered to be a
more realistic model of upper air pressures. This model has maximum and minimum pres-
sures at 1400 LMT and 0330 LMT , respectively, causing the isobars to be closer together
around sunset than they are around sunrise . His work was also based on a pressure model
developed by Jacchia and Slowey (Ref 14) but simplified for equinox conditions. He included
the effects of ion motion , Coriolis , inertial and ion drag forces. Figure 3 is a plot of his results
for 250 km. Chal linor ’s results were in general agreement with experimental measu rements ,
but he noted that the spatial resolution of the experimental results was too coarse for detailed
comparison.

Blum and Harri s (Refs I S , 16) have performed a full nonlinear treatment of the global
thermospheric wind system. They considered horizontal motion of the neutral atmosphere
between 120 and 500 km. A Jacchia (Ref 8) model atmosphere was used and , in addition ,
all ionospheric model by Nisbet (Ref 17). Steady-state conditions were assumed. That is,
all variables such as density, temperature , viscosity, etc. were referred to a coordinate system
that was fixed with respect to the sun. This means that each day of the year and each solar
activity condition would produce a different wind model. Figures 4 and 5 are examples of
calculated global wind fields at 300 km , one for equinox conditions and the other for northern
summer solstice. For equinox conditions , the maximum global wind speed occurre d around
2000 local time , with amplitudes ranging from 70 to 130 rn/ sec. depending on latitude. The
precise solar conditions for these wind pattern s were not stated , but in developing global
patterns of the driving force which was used to get these winds , a solar 10.7-cm flux of 200
was used.

The preceding studies make various assumptions and simplifications that can a ffect
the accuracy of the results in varying degrees. The original works should be consulted for
details of the assumptions. All of the derivations , however , predict equatorial zonal winds
with a diurnal  variation and an eastward dr i f t  at night.

MEASURED THERMOSPHER IC WINDS

Most methods of determining therm ospheri c winds are indirect , such as the one
discussed in the preceding section or that of Roble et al. (Ref 18) in which incoherent-
scatter radar measurements of the diurnal vari ation of electron and ion temperatures ,

4, electron densities , and vertical plasma drifts were used to deduce velocities.
A direct measurement of therm ospheric winds was made by Armstrong (Ref 19)

using (he Doppler shift in the 6300-A oxygen line in the night air glow. The dissociative
recombination of molecular oxygen ions in the region of the F2 maximum in the iono-
sphere is generally thought to be the origin of this emission.

Armstrong used a scanning photoelectric Fabry -Perot interferometer and recorded
the emission alternately from two regions of the sky while scanning was in progress. The
two sets of fringes obtained were then examined for any order shifts between them.

3
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Figure 1. The atmospheric wind system in the northern hemisphere
calculated for an altitude of 300 km when the peak electron density
is 3 x lO~ cm ~~~~ From Ref. 12.

OlOO h 2300 h

S.
.

0300 h~ 
. 

. \
2100 h1

‘¼ ~~~~
~~ 

S~ ~~~

0500 h#  ~~~~ 
5S
.
. 

‘•• 

~~~ .~~1900 h
‘ s~

‘S S \  Sc ‘S
‘5 % ~ 

S

S. ‘ 

~~\ I
‘

S
.. ‘S ‘ ‘ \ ‘~& ~

0700h\ * 5~
’
~ 

•\ “ 11700 h
S
. ~~ \ .

~ /
090O~’

l lOO h 1300 h

140 rn/sec t~ - 300km H - 80km Nm - lO6cm
3

Figure 2. The ~ -, ‘ m d  system in the northern hemisphere
calcuj ated çor an. “) km when the peak electron density
Is lO° cm . From k

4

_ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _1~~~~ . - — 

-~~~



I I I I I I I I 1 l

a— --
- 

~‘ 
, ‘ - C

/ / / Sf / p 4

/ 1 1  ~ ‘ 
, 

.- 

I
I I ‘ — -.

I t ’ ’  \

\ \ \ N~~~~~~~~~~
N ~~ ~ / / I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / / 0

~~~~~~~~
_-.~ --~~--‘/ /  I I ~_ —~--‘//// 1 I

..~“ / / / / I 1 \
/ 1 1  1 1 ‘

~ \ \ I

~~~~ E

\ 2 2 : 2 1  ;~ I
a ‘ F I ~~~~~~~~~._ 

— —, — — a

-___
—‘ , I, / - ~ 

• —

I I I I I I I I I I
o o 0 0 0 0

5

_ _ _ _ _ _ _ _ _ _  - . . T~~~~~~~11 -

~~ _ _ _ _  
-- 

- . ..— -



- -- - V ~~~~~~~~~~~

1200 LI

1800 LI 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~ 0600 LI

200 rn/sec
0000 LI

Figure 4. Global wind field at a height of 300 km , equino x conditions ,
Penn State ionospheric model. From ref. 15.
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If the two regions of the sky are chosen 180 deg apart in azimuth so that one direction is
aligned with the thermospher i c wind and the other is against it , tile fringes recorded from
one direction should indicate a velocity of approach and the other a velocity of recession.
The difference between fringe shifts in the two directions then is a result of twice the velo-
city component along the line of sight. A stead y velocity is require d over a region of abou t
10 deg in lati tude or longitude to allow low-elevation look angles. These low angles produce
larger doppl er shifts for greater system sensi t ivi ty .  Armstrong estimated that  wind speeds
as low as 50 rn/ sec could be measured with his system to an accuracy of ± 25 rn/sec when
the night glow was suff ic ient l y intense . Figure 6 is an example of zonal winds measured
at lat. 30.07° S, long. 209.33° W by means of this method . Figure 7 also shows some east-
ward velocities and equatorward velocities for individual  nights.  This location can be con-
sidered to be mid-lati tude , and results here may be somewhat different from those in equa-
torial reg ions because of such factors as (‘oriolis force and the variation in solar heating with
lati tude.

I-fernandez and Roble (Ref  20) also used a Fabry-Pe rot spectrometer at Fritz Peak
Observatory (39.9 ° N , 105.5 ° W) to measure n igh t t ime  t lierrnospher ic winds and tempera-
tures. The winds and temperatur es were determined from the doppler shift  and broadening
of ’ the 6300-A oxygen line. The technique is similar to that used by Armstrong. However ,
they added a 2-A rejection fil ter to remove any possible emission from the OH molecule ,
which could have prod u ced errors iii  ear l ier  work. Another improvement  included in their
equipment  was a serv o feedback technique to stabilize the interf erometer , thus al lowing
longe r measurement times. Because of the low emission rates , measurement times were
on the order of 30 to 45 mm for each direction. This allowed them to sample a given
direction about every 2½ hours.

Measurements were made from November 1973 through February 1975 , and da ta
for quie t  geomagnetic periods were separated from those for geomagnetical ly disturbed
pe riods.

Hernande , .  and Roble separated their  meridional and zonal wind measurements
(Figs. 8 and Y , respectively) into three seasonal groups , summer , win te r , and equinoct ial .
Meridional winds were found to be generally southward , with larger mean speeds in the
summer of ’ around 200 m/sec and winter  speeds of less than 100 m/sec with occasional
low northward winds occurring. The mean meridional winds were in general agreement
with their calculated model.

Their ional winds dur ing  the summer showed westward winds , while the winter
months showed eastward winds. The equinoctial  months showed winds changing from
eastward to westward around local midnigh t .  This is also in general agreement with their
model except for the summer  months.  In this case their  model showed that the zonal
winds should have changed from eastward to westward around 0200 local t ime. This
discrepancy, they say, may have resulted from the local time rate of change of the neutral
atmosphere temperature being less than the model predicted during the summer months.

These measurements are also considered to be mid -lati tude , but  they do confi rm
the existence of ional and meridional neutral winds and show general agreement with the
global thermospheri c wind patterns predicted from satellite drag measur ements. It appears
that  the technique of measuring doppler shifts in the nig h t t ime  air glow to determine winds
has not yet been used in equatorial regions. Possibly the extensive cloud cover common in
much of that  region would make such measurements diff icul t .
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measurements were made. The dashed line is the calculated meridional wind component determine d from the
thermosp heric model. From Ref. 20.
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SEASONAL VARIATION OF THERMOSPHERIC WINDS

There is little information available on the seasonal variation of thermospheri c winds.
Figures 4 and 5 show the wind pattern s developed by Blum and Harris (Ref 15) for equinox
conditions and for summer solstice conditions by means of their thermospheric model. During
summer solstice the winds in the equatorial region show a large meridional component , whereas
there is none during equinox. The zonal wind component , however , appears to be comparable
in both cases.

As already stated , Hernandez and Roble (Ref 20) measured southward meridiona l
winds for summer and equinox conditions at mid-latitude and a low variable meridional com-
ponent in winter as shown in Fig. 8. Their zonal wind measurements , shown in Fig. 9, were
westward in summer , eastward in winter , and shifted from eastward to westward around local
midnigh t during equinox.

VARIATION OF THERMOSPHERIC WINDS WITH SOLAR CYCLE

There is a lack of information on the variation of thermospheri c winds with solar
activity. Variation of thermospheri c temperature with solar activity, however , has been
reported by Jacchia (Ref 9). Figure 10 shows temperature as a function of altitude for
thr ee diffe rent values of solar activity. Day-to-nigh t diffe rences in temperature , such as
shown by Kohl and King in Fig. 11 , produce density diffe rences. These density diffe rences
cause pressure gradients , which produce the thermospheri c winds (Ref I 2). It would be
reasonable , then , to expect higher thermospheric wind velocities during years of higher
solar activity .

The various thermospheri c models could possibly be evaluated for thermospheri c
wind dependence on solar cycle but this apparently has not yet been done.

OCCURRENCE OF EQUATORIAL SCINTILLATION

DIURNAL VARIATION

Equatorial scintillation is essentially a nighttime phenomenon (Refs 2 I , 22). Rarely
does it occur with any great intensity during the daytime. The scintillation starts abruptly
some time after local sunset , increases to a maximum intensity, then usually decreases to
quite low intensity I or 2 hours after local midnight (Refs I , 2). Figure 12 is an example
fro m more than 6 hours of continuous scintillation fading recorded by the Naval Communi-
cations Area Master Station (NAVCAMS) at Guam on 30 March 1978. Full scale across the
chart is more than 40 dB. Occasionally, however , the scintillation occurs in bursts , starting
and stopping abruptly with periods of no scintillation as can be seen in Fig 13 for the night
of 25 September 1976.

Koster (Ref 21), working in Ghana , reported that the most intense scintillations
had a peak around 2200 local time. Aarons et al. (Ref 22) found similar results for their
measurements made at Huancayo , Peru. Figure 14 shows their plot of diurnal occurrence
of scintillation for scintillation index greater than 60. This curve also shows a peak at

4 2200 local time.
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Figu re 14. Diurnal occurrence of high-amplitude
scintillations at Huancay o, Peru. From Ref. 22.

SEASONAL VARIATION

Equatorial scintillation does not occur every nigh t and the duration and intensity can
vary widely from night to nigh t , particularly in years of low solar activity. Koster (Ref 2 1)
found scin tillation to be greatest at the equinoxes, with minim a at the solstices. He noted ,
however , that the curves showed a more pronounced annual variation than a semi-annual
one. Figure 15 shows his results for four successive years from 1967 to 1971. The ordinate
in the plots is the nightly sum of values of a scintillation index calculated for every 5 minutes.
Consequently it is a combination of the duration and the iotensity of the scintillation for the
night.

SOLAR.CYCLE DEPENDENCE OF EQUATORIAL SCINTILLATION

Koster (Ref 21) reported twofold dependence of equatorial scintillation on the solar
cycle. The occurrence of scintillation was much greater in yeai~ of high sunspot number. In
addition , the mean scintillation index during periods of scintillation was much larger near
sunspot maximum than that during sunspot minimum.

Paulson and Hopkins (Ref 2), using a common I i day period for 4 different yeais,
plotte d the occurrence of scintillation with fades greater than 6 dB against the average daily
sunspot number for the 11 day period . Figure 16 shows this curve . In addition , a plot of
the occurrence of scintillation against the aver age daily 10.7-cm flux is shown. Both curves

V 

show a very definite dependence of the occurrence of scintillation on solar activity.
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Figure 16. Dependence of scintillation occurence on solar activity .

SCINTILLATION INTENSITY VS DRIFT VELOCITY

The Naval Ocean Systems Center recorded scintillation activity at Guam during the
latter half of 1976. The UHF and L-band signals at about 257 and 154 1 MHz from the
Pacific Gapfiller/Marisat satellite were used. During the month of September , spaced re-
ceivers were used as shown in Fig 17. Two UHF receivers were separated 1000 m in a mag-
netic east-west direction , with a third UHF receiver located in between at 300 m west of the
east receiver. Two L-band receivers were co-located with the outer UHF receivers at the

V I 000-m separation. Elevation angle to the satellite was about 51 deg and azimuth was about
l l ld e g .

NORTH

EAST

X -~~~ 700 m — II -’. 300 m ~~~ *

Figure 17. DimensIons and orientation of spaced receIvers
used at the Naval Communications Station, Guam in 1976.
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Four nights ot scintillation data are used in this report : 18 , 21 , 22 , and 24 September
1976. The data were divided into sample intervals of 3 mm each for analysis. The data were
sampled twice per second, and cross correlations between pai rs of receivers were calculated to
determine the time delay for max imum correlation. These time delays, along with the re-
ceiver separations , were used to calculate the east-west components of drift velocity of the
diffraction pattern for each of the 3-mm interv als. This gives information on the movement
of the diffraction pattern only since vertical motion of ionospheric irregularities cannot be
distinguished from horizontal east-west movement.

The data were also sampled at ten times per second and the mean and standard deviation
calculated for each of the 3-mm sample interv als. The standard deviation divided by the mean
was used as an indication of the intensity of the scintillation.

The eastward component of the diffraction pattern drift velocity is plotted as a function
of time for each of the four nights in Figs. 18 through 21. The corresponding value of standard
deviation divided by the mean is plotted on the same graph for the UHF scintillation. Corre-
lation is evident for the nights of 18 , 21 , and 22 September but not for the night of 24 Septem-
ber.

A quantitative evaluation is shown in Figs. 22 through 25 for the UHF and Figs. 26 and
27 for the 1-band. Cross correlations between scintillation intensity and diffraction pattern
drift velocity were calculated for each of the n ights. For the nights of 21 and 22 September ,
when scintillation was relatively continuous , maximum cross correlation values were 0.93
and 0.85, respectively. However , for 18 and 24 September they were 0.56 and 0.16, as seen
in curves A in Figs. 22 and 25. Whe n shorte r sample periods were used the correlation
maxima were higher , as seen in curves B, C, and D of Fig 22 and B, C, D, and E of Fig. 25 ,
where maximum correlations greater than 0.6 were calculated . These shorter period corre-
lations are statistically less significan t than those for the whole night; however , they suggest
that the reason for the low correlations for the total night migh t have been a varying time
dependence for cases when the scintillation was intermittent.  On the night of 24 September
the scintillation was particularl y weak and intermittent , as seen in Fig. 2 1.

The 1-band scintillation for the nights of 21 and 22 September shows cross correlations
with drift velocity for the total sample periods with maximum values of 0.82 and 0.8, re-
spectively, as seen in curves A of Figs. 26 and 27.

The UHF results are shown in a different form in Figs . 28 through 30 for the nights of
18, 21 , and 22 September. Here the scintillation intensity is plotted as a function of diffrac-
tion pattern drift velocity . The straight line in each figure is a least squares fit of the data.
While the nights of 21 and 22 September are quite similar , the nigh t of 18 September shows
a much different velocity dependence. This would suggest that whereas turbulence pro-
duced by zonal winds may be causing the irregularities which produce scintillation , other
factors also contribute to the intensity of the scintillation.

CONCLUSIONS

Zonal winds at F-region heights have been shown to exist , both indirectly, using
models of global atmospheri c density and pressure, and directly, using measurements of
doppler shif t in the nighttime air glow at the 6300-A oxyge n line. The diurnal variation
of these zonal winds in equatorial regions shows a pronounced similari ty to the nighttime
variation of equatorial scintillation intensity . Seasonal and solar cycle variations in zonal
winds have not been investigated in enough detai l, however , to make a very meaningful
comparison with the seasonal and solar cycle occurrence of equatorial scintillation.
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Comparisons of scintillation intensities with diffraction pattern dri ft velocities show
good correlation , suggesting that the irregularities in the ionospheri c electron density that
cause the scintillation may be generated by turbulence produced by zonal winds. Night-to-
night diffe rences in the dependence , however , would indicate that , while zonal winds may
be a necessary condition for scintillation , other factors contributing to the scintillation in-
terl sity must be identified as well.

RECOMMENDATIONS

With the occurrence and the intensity of equatorial scintillation increasing as solar
activity increases , additional spaced-receiver measurements should be made at both UHF
and L-band frequencies to get further comparison between diffraction pattern drift velo-
cities and scintillation intensity. The L-band measurements would be particularl y use fu l
since the scintillation at these frequencies doesn ’t reach saturation as soon as that at UI-IF.

Neutral thermospheric temperature s should also be monitored to look for a cor-
relation between scintillation intensity and nighttime thermospheri c temperatures and
between zonal winds and nighttime thermospheri c temperatures.

The zonal component of the neutra l wind could be measured using the doppler
shift of the 6300-A oxygen line technique. Thermospheric temperature s could be deter-
mined from the doppler broadening of that same line.

These techniques would require that the measurements be made in some equatorial
location where cloud cover would not be a problem.

Satellite measurements of solar radiations and particles should also be examined
for periods when these measu rements are made to look for solar effects which might sustain
the nighttime thermospher ic temperature and to look for other contributions to the
scintillation intensity.
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