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Comparison of lonospheric Scintillation Statistics
From the North Atlantic and Alaskan Sectors
of the Auroral Oval Using the Wideband Satellite

LINTRODUCGTION

In recent years, measurements using different techniques have shown that the
earth's {onosphere contuing electron densily trregularities covering muany decades
of seale slues, By using different technigques to probe the irregularities much
progress hag been achieved in the understunding of equatortal {rregularities that
can produce the largest effects on translonospheric propagation, Such correlated
studies that combine equutorinl seintillation measurements with rocket and satel-
lite fn situ, radar and alrglow observations have been reviewed (Basu and Kelley,
1979T; Busu and Basu, 19812). While the magnitude of the amplitude and phase
perturbations of the signal {s the largest at the equator, the high-latitude environ-
ment certalnly affects the propagation chunnel for a much larger percentage of
time, The object of this report {8 to describe the morphology of medium-scale
irregularities (tens of km to few hundred m) in two sectors of the auroral oval us
obtained from phase and amplitude scintillation measurements ut 138 MHz using

the orbiting Wideband satellite., It has been well-known for over a decade that

{(Recelved for publication 15 September 1081)

1. Basu, S, and Kelley, M.C. (1978) A review of recent observations of equa-
torial scintillations and their relationship to current theories of F-region

irregularity generation, Radio Scl, 14:471.
Basu, S, and Basu, S, (1881) Equatorial scintillations —~ a review, J. Atmos,

Terr, Phys, 1'.1:473.

2.
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amplitude scintillations can degrade the performance of satellite communication
links (Aarons et al, 19693; Aarons and Allen, 19714). More recently, it has
73 become clear that naturally-occurring phase scintillation can impair the perform-

ance ol satellite systems that use synthetic aperture processing to achieve high

angular resolution (Brown, 19765).

E' In view of the simplicity of amplitude measurements, there exists a relatively

' good global coverage of such observations. On the other hand, phase scintillation

measurements have been quite sparse because phase cohet ent transinissions and/

or complex recelving systems are required, The first phase measurements were
made by utilizing the 150- and 400-MHz transmissions from the U, S, Navy navi-
gation system of satellites, In this experiment, the characteristics of phase scin-

: tillation at VHF with respect to the UHF frequency were determined for a sub-

1 auroral location (Wand and Evans, 1975% Crane, 19767), Since the launch of the
orbiting Wideband satellite in May, 1076, SRI International has utilized the phase
cvoherent transmissions (10 spectral lines between VHE and S-band) to make phase
seintillation measurements at VHF, UHF, and L-band with reference to S-band ]

\ transmissions that, under most conditions, remain unperturbed by the lonosphere, y

Bl aliaale &

The instrument characteristics and initial data-processing procedures have been
described by Fremouw et al (1078)., 8
Morphological studies of phase and amplitude scintillation from Poker Flat

2 bl o gl

(66" tnvartant latit.de) {or the period 1976-78 have been presented by Rino and
Matthews (1980)9 and Premouw et al (1980), 10 The most important feature in

Y

3, Aarvons, J., Mullen, J,P,, and Whitney, H. E, (1969) The scintillation
boundary, J. Geophys., Res. 74:884,

4, Aarons, J, and Allen, R.5, (1971) Scintillation boundary during quiet and
disturbed magnetic conditions, J. Geophys, Res, 76:170, AFCRL-71-0101,
AD 718 923, -

5. Brown, W.D. (1970) Effects of atmospheric induced phase errors in synthetic
aperture radar, Report SAND76-0620, Sandia Laboratory, Albuquerque,
New Mexico,

Wand, R, H, and Evans, J. V., (1975) Morphology of tonospheric scintillation in
the aurotrul zone, Proceedings of Symposium osn Effect of the lonosphere on
Space Systems and Communlications, J, M, Goodman (ed,), U,S. Govt.
gr[nt{ng
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Offlce, Wasmngton. D.C.

! 7. Crane, R,K, (1976) Sprctra of lonospheric scintlllation, J. Geophys, Res,
] 81:2041,

8. Fremouw, E.J.,, Leadabrand, R, L., Livingston, R.C.,, Cousins, M.D.,
H Rino, C,L,, Fair, B.C,, and Long, R.A, (1078) Early results from the .
DNA Wideband satellite experiment — complex-signal scintillation,

s L i e

Radlo Sci, 13:167-187, :
9, Rino, C.L. and Matthews, S,J. (1880) On the morphology of auroral zone ‘
g radio wave scintillation, J. Geophys, Res, 85:4139, :
‘ 10, Fremouw, E.J., Lansinger, J. M., and Miller, D.A. (1980) Further geo- :

physical analysis ol coherent satellite scintillation data, Annual Report,
PD-NW-81-237R, Contract No, F48620-78-C-0014, Physical Dynamics,
Inc., Bellevue, Washington,

it
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the nighttime phase and amplitude data reported by these authors is the existence
of a geometric enhancement caused by the presence of sheetlike irregularities
aligned with the magnetic L-shells in the auroral oval (Fremouw et al, 1977“:
Rino et al, 197812). However, no seasonal variation was found as shown in
Figure 1 (Fremouw and Lansinger, 197913).

On the other hand, as showr in Figure 2, nighttime amplitude scintillation
data from A‘'T'S-3 taken at Narssarssuaq, Greenland (350 km sublonospheric inter-
section at 64° Invariant latitude, very vlose to Goose Bay overhead) had shown a
consistent seasonal pattern with the occurrence and magnitude of scintillations
being high in the summer and low during the winter solstice (Basu, 197514; Basu
and Aurons, 1980'%)., Basu (1975)!4 had established that this seasonal behavior of
scintillations during quiet times, nanely a winter minimum and summer maximum,
is in close agreement with the variation of the auroral electrojet index AL (Davis
and Suglura, 196(;16) in the same sector of the auroral oval, Following the sug-
gestion of Boller and Stolov (1970, 17 19?418) it was proposed by Basu that the vary-
ing geometry of the plasma sheest with the dipole tilt angle may cause a seasonal
modulation of particle precipitation and, hence, of scintillations, If this hypothesis
{s correct, no such mnrked seasonal variation should be observed in the Alaskan
and Scandinavian sectors of the oval, Thus, it is encouraging to note that no
marked seasonal variation was observed in the Alaskan sector.

1t was hoped that a Wideband station in the North Atlantic sector of the oval
would determine whether the seasonal variation shown by the amplitude scintillation
11, Fremouw, I,J., Rino, C.L., Livingston, R.C., and Cousins, M.D. {1977)

A persistent subnuroral scintillation enhancement observed in Alaska,
Geophys, Hes, Lett, 4:539,

12, Rino, C.L., Livingaton, R,C., and Matthews, S.J, (1978) Evidence for
sheet~llke auroral lonospheric irregularities, Geophys. Res, Lett,
5:10390,

13, Fremouw, i.J. and Lansinger, J. M, (1879) Continued geophysical analysis
of coherent satellite scintillation data, Annual Report, PD-NW-78-213R,
Contract F49620-78-C-0014, Physical Dynamics, Inc,, Bellevue,
Washington,

14, Basu, Sunanda (1875) Universal time seasonal variations of auroral zone
magneti{c activity and VHF scintillations, J. Geophys, Res, 80:4725-4728,
AFGL-TR-76-0114, AD A025 579, -

15. Basu, 8,, and Aargns, J. (1980) The morphology of high-latitude VHF scin-
tillation near 70°W, Radio Sei, 15:59, AFGL-TR-80-0145, AD A084 298.

16, Davis, T.N. and Sugiura, M. (1966) Auroral electrojet activity index AE and
its universal time variations, J, Geophys. Res. 71:785-801.

17, Boller, B, R. and Stolov, H.L. (1970) Kelvin-Helmholtz instability and the
semi-annual variation of geomagnetic activity, J. Geophys, Res,
75:6073,

18, Buller, B, K. and Stolov, H.L. (1874) Investigation of the association of
r.nagnetopause instability with interplanetary sector structure,
J. Geophys, Res. 79:673,
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{g also observed in the phase scintillation data, TFurthermore, the data would be
able to confirm the existence of sheetlike {rregularities observed most noticeably .
{n the phase data in the Alaskan sector. On the basis of amplitude scintillation ‘
data from the North Atlantic sector Martin and Aarons (1977)lg had earlier postu-
lated the existence of sheetlike irregularities. :

19. Martin, k. and Aarons, J, (1977) I'~layer scintillations and the aurara,
J. Geophys. Res. 82:2717-2722. AFGL-TR-77-0182, AD A043 623,
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With the above dual objectives in mind, modilied Wideband receivers known as
the Micro-Wideband system started operation in January, 1979, at Goose Bay,
Labrador and at Anchorage, Alaska, so that a comparison of scintillation behavior
in the two sectors on same days could be made, Table 1 gives the geographic and
magnetic coordinates of the two stations. It was hoped that Anchorage being a few
deg-ees lower in latitude than Poker Flat would be better able to resolve the
plasmaspheric component of scintillations that was observed at low elevation
angles to the south of Poker Flat (Rino and Matthews, 19809). 1t had been pro-
posed to keep the Goose Bay Wideband station operational to provide a long-term
comparigson with Poker Flat data, Unfortunately the fallure of the Wideband satel~
lite early in August, 1979, terminated the Goose Bay measurements only alter an

approximately six-month operation while the Anchorage recelver was operated
1t is this limited data set from these two stations

The positions of Goose Bay with respect

from January to April, 1979,
that will form the basis of the report,
to the Q=3 auroral oval at midnight and noon are shown in Figure 3 on an invariant
From Table 1 we find that Anchorage {s about

R -

ot 1 ool .. bt AN, ek

E ‘ latitude — magnetic local time grid,

3 49 further ~quatorward of the Goose Bay position so that it is south of the auroral

;‘) oval at midnight even for moderate magnetic act,: ity (Q~3),

‘ Table 1. Goose Bay and Anchorage Couidinates i
Goeographic

. Coordinates Invariant Latitude 1. Value

{ Goose Bay 53,39N; 60, 3OW 64, 17° 5.2

; Anchorage 61, 2°N; 149, 9°W 60, 44° 4,11 ]

4 |

; !

|

e 2, RECEIVING SYSTEM

5- |

" The Micro-Wideband system differs from the original Wideband system in

A that it receives only the four lowest coherent frequencics of the Wideband-beacon |

y: satellite: 138 MH2, 378 MHz, 390 MHz, and 402 MHz, By locking onto the ;

402-MHv~ signal and synthesizing the necessary references in the recelver, both '
phase and amplitude measurements can be made at the three lower [requencies. !
To do this, the quadrature components of the signal at each of these frequencies
are recorded as a function of time, and each record is digitized at the rate of

100 samples per sec (Livingston, 1979 0).

f 20, Livingston, R.C. (1979) Micro-Wideband analysis summary output — Wideband
beacon, Technical Memorandum, SRI International, Menlo Park, :

California.

21




i e T YT e — \S - - -

GOOSE BAY

NCON ~

AURORAL OVAL 1 N
(Feldstein 1967) MAGNETIC LOCAL TIME

@  INVARIANT umruoy

] os
v
‘g' £
b
f
i
b |
b i
: GUOSE BAY !
3 MIDNTGHT ;
i
L" T'igure 3, 'The Pesition of the Goose Bay Station i
i at Magnetic Midnight and Noon with Respect to the i
‘ Q-3 Auroral Oval !
o i
; !
£ {
' As with the original Wideband data (I'remouw et al, 19788), the generation {'
2 of summary statistics {s preceded by separating the long-term, deterministic :
trend from the seintillation components, Thisg is done by initially smoothing the i
i intensity and phase, using a 6-pole, low-pass Butterworth filter with a cutoff of 1
3 i
5 0.1 Hz, The smoothed phase {s subtracted from the raw phase, while the raw
3 intensity !s divided by the smoothed intensity, This results in a continuous data
¥ record of vero mean phase and unity mean intensity, The detrending process has ‘
'1

litt’e effect on the intensity spectrum, which is already cutoff by the ionusphere
at frequencies higher than 0,1 I1z by Fresnel filtering, Any low frequency
trends, such as antenna pattern variations, are removed., 'The phase gpectrum,

on the other hand, displays large spectral intensities ac frequencies well below

21, Feldstein, Y.1, and Starkov, G.V, (1967) Dynamics of auroral belt and polar
geomagnetic disturbances, Planet, Space Sei, 15:209.
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the 0, 1 Hz cutoff, Following the SR1 convention, fluctuations that occur in the
domain greater than 0,1 Hz are called scintillation and those less than 0,1 Hz
are called trend, These definitions are arbitrary, but convenient,

; 3. DEFINITION OF STATISTICAL PARAMETERS

’f, In this section the different parameters that quantize the phase and amplitude
scintillation measurements will be defined so that, particularly in the case of

phase measurements, the effects of the data flltering on the phase scintillation

magnitudes may be understood. The terminology and method of calculation of

statistical parameters are as follows:

3.1 RMS Phase Deviation

Standard deviation of detrended phase component {8 calculated as

o o
ﬁ gy = () - ! (1) ;
in radians, as measured at the receiver output, and not corrected for the finite
reference frequency, Note that this parameter is dependent upon the detrend
cutoff frequency, Before the median o, values, as shown in the next section, were
calculated they were corrected for the finite recelver reference frequency of

i ' 402 MHz in the lfollowing manner. Assuming a 2 dependence of the phase vari-

: ance as has been displayed by the Wideband data, the measured phase deviation is

velated to the true value of °¢ as

ol kel e

4 (2)

o sa (l-n”
Pmeas ¢
where n is the ratio of the reference frequency to the measurement frequency.
For Micro-Wideband, the measured VHF phase deviation is not drastically altered
However, the UHF deviations are decreased to 0, 12 and

i L

3 at 0, 88 of {ts true value,
g 0.06 ol their true magnitudes at 378 MHz and 390 MHz, respectively. Thus, even 2
under strong scatter conditions the observed UHF phase deviations are small and é
} unreliable., For this reason only the 138-MHz phase (and amplitude) data are ]
: presented tn the next section. i
' |
: 3.2 Phase Spectral Slope .1d Strength {
We agsume a power-~law form of the phase power spectrum, as has been dis- 3
i

played by Wideband data, in the form

RPN .

23

!
1
Bog
i
!,
¢
i
5
4

R L S SV LIRUBERY 3 3 % SRR T X e RN s 2 LR Rl . &
e 4 e R TN A e 1, £
R R RO
.



g

TR T T

Iy S F A B rh £ - Tia e S b

LT F9
¢¢(f) = T¢f , 3)
where Po is the slope, and Td’ i{s the strength in mks units, These parameters
are extracted from a linear least-squaras fit to the plot of log of phase power
spectral density vs log of frequency over the range of 0,5 to 5 Hz, as demon-~
strated in Figure 4. The T, values given in the next section are the spectral
strengths obtained at 1 Hz,

The advantage of using T¢ and pos is that they characterize the phase dis-
turbance independent of the detrend cutoff, unlike a¢. Generally the T, and p
are consistent with Ty although g, can include energy outside of the slope-fit
range. It is therefore recommended that c¢, T,, and qu all be considered

together, The spectral strengths, T¢ and T¢ , are related as follows:

meas

2
T =T.(1=n"%

meas ¢

é : 4)

3.3 8y Scintillation Index

The normalized standard deviation of intensity {s given by
1/2
5+ b -2 (5)

which ranges from 0 to above 1.2 from quiet to strong scatter conditions. The
S4 index was first introduced by Briggs and Parkin (1963), 22

3.4 Intensity Spectral Slope and Strength

Except under weak scatter conditions, the intensity power spectrum will not
be power law, This characterization is of the high-frequency end (5 to 40 Hz) of
the intensity spectrum which may or may not be linear:

I
"1”) = Tyf , (G)

where p; 18 the slope, and TI the strength of the intensity spectrum. The Ffit is
illustrated in Figure 5. As with qu of Eq. (3), TI is given in mks units and is
evaluated at 1 Hz by extrapolation of the linear least-squares [it of the spectrum
between 5 and 40 Hz,

22, Briggs, B,H. and Parkin, I,A, (1963) On the variation of radio star and

satellite scintillation with zenith angle, J. Atmos, Terr, Phys. 25:3360.

24

e e e APEALAT MDA €20 IETAUAL b da ke e wes b hee e m el L e et st e e BTIE S s L TLLEO IO T

el

SO S RE)

bkt i

i S

Lkt o, o RN Y .um:u'.mr_:sid



>
G & 20 T,=-3.3
2 . p: *-220
8 .X o} 1
é )
’(7 -
" E - or )
w 2 o
i:l 3 w - - .
4 @ =
¥ 5 -20} ;
g °
N a m
% w o -30p 4
) 2
. £ -e0f ]
k: LR LA LI LR IR MR RLY -1 ey TrarTnt
|/ 0.0l o. 1.0 10
FREQUENCY - Hz
o \ Figure 4, Sample Power Spectrum of Phase Scin-
tillations Obtained With the Micro-Wideband Sys-
b tem (Day 90, 050320-050339 UT) ¢ = 3.2 radfans,
. T, =-3,3dB, p, = -2,2
: ¢ ¢
Aaune Wl 2 S 1 2 2 1 § it e i o v 22 et oo 0 o 1 0 £ I T Bn S 4 A ‘.
. >
L s Q Tx = 4.8 k
2 . py *-2.84
?’l w X ‘ 3
[ (=] ‘\” =10t 4 §
2:' z .
g 3 -20t . \
;v 8 ch / ] 4
; & - -sof ' . ;
g 2 ’
= w - B
; z Y -e0 i
1 & E
r 2 -sof 4 y
L = o i
} 2 1
‘ pog s 1 1
z :
T TN T T T T T T 177 é
0.0l 0.1 10 10 ]
FREQUENCY - Hz !
. 1
E : Figure 5. Sample Power Spectrum of Amplitude f
] Scintillations Corresponding to Phase Spectrum i
2 Shown in Figure 4, S, = 0.62, T, = 4,8 dB, ;
q 4 I i
‘ Py = -2.8 {
/
25
1
i
T A




4. RESULTS

With the user in mind, the statistical results of the spatial and temporal var-

iation of 20-sec values of phase and amplitude scintillation parameters observed

t the Goose Bay and Anchorage stations will be given in the form of a large num-
ber of graphs. To bring out the importance of the geometry of observations, we
shall present both the nighttime and daytime data in three groups sorted according
to different UT time intervals. Because of the sun-synchronous nature of the
satellite orbit (inclination 99°) the three UT groupings in each categoiry represent
passes in three distinct corridors with the earliest time interval corresponding to
passes to the east, the middle interval to overhead passes, and the latest times to
passes in the west, Figures 6 and 7 show typical nighttime and daytime subiono-
spheric tracks (at 350 km altitude) of the Wideband satellite in each of the three
corridors for the Goose Bay station, The magnetic midnight at Goose Bay is
0310 UT while the local time {8 UT-4 hours. Thus the nighttime passes occur ]
approximately during premidnight, midnight, and postmidnight hours, respectively, ;

while the morning passes occur within the morning to noon local time sector, The
nighttime passes progress from north to south and vice versa for the daytime ‘
passes, TI'igures 8 and 9 show such typical passes for Anchorage, where magnetic
midnight {s 1115 UT and local time i{s UT-~10 hours.

The basic format chosen for presenting the data is in the form of subiono-
spheric invariant latitude plots of the scintillation parameters, The invariant
latitude, as is well-known, is defined by

AN | ains s

1 1/2

A - (‘()5-. I.l- . (7)

where L, is the Mellwain (19(%1)23 [,=parameter, Twenty-second values of o, T,
Pyr 84, 'I‘I, and pp as defined In the last section are sorted into 12 invariant latitude
bins for Ko < 3.5 (22 bins for Kp > 3, 5) and the 50, 90, and 99 percentile occur-

rence statistics are computed, The 99 percentile occurrence is labeled as a

au

"worst case" situation when the number of data points in tie bin is less than 100,

A o ol e ot -

Only the 5C percentile curve i{s extended to cover latitude bins having at least flve
;sxints, The lowest and highest number of 20-sec values per latitude bin are
specified on the graphs to give an idea of the size of the data base.

23, Mcllwain, C, E, (1981) Coordinates for mapping the Aistribution of magnet-
‘eally trapped particles, J. Geophys. Res, (6:3681,
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4.1 Nighttime Phase Statisties at Goose Bay

The phase scintillation o, in radlans for magnetically quiet (Kp < 3.5) night-
time 138-MHz Goose Bay Wideband passes {s plotted on a semilogarithmic scale
vs invariant latitude in Figures 10a, 11a, and 12a for the three corridors previously
defined. Similar graphs for the disturbed cases (Kp > 3.5) are shown in
Figures 10b, 11b, and 12b, A logarvithmic scale was chosen to accommodate the
large range of phase scintillation values observed, The major point of {nterest is
the geometrical enhancement in the 63-64° latitude bin in the quiet cases and in
the 63-65° bin in the disturbed cases, For the overhead geometry the "worst
case' phase fluctuation may be as large as 20 rad in the reglon of geometrical
enhancement,  However, the median values are generally less than a rad outside
of the enhancement region, This enhancement for Goose Bay ts most marked for
the eastern and, of course, the overhead corridors, It {s interesting to note that
the mugnetic azimuth of the prapagation veector changes with altitude in the western
cotrridor where the geomiotirical enhancement s least, Thus in the western corri-
dor the ray path does not align itsell along a particular L-shell over a large alti-
tude range, thereby tending to smear out the geometrical enhancement, Indeed, a
smoearing effect {s observed in Figure 12a, with a plateau of velatively high values
being observed near the geometeical eshaneement reglon rather than one promi-
nent peak,

The pauctiy of data makes the latitude coverage during magnetically disturbed
conditions murch smualler, "The lower-latitude end shows a relatively greater
enhancement of phase seintillations at such times,

It has been pointed out in the last section that o, depends on the detrend inter-
val used for filtering the raw data. Figures 13a, 13b, 14a, 14b, 15a, and 15b give
the regpective T, values at 1 Hz that wre free of any filtering effects, Thus, these
values {n conjunction with Py values shown in Figures 16a, 16b, 17a, 17b, 18a,
and 18b can be used to estimate o, according to the speetfic system integration

requirements, Only the overhead values of Td> under both quiet and disturbed
conditions shown in Figures 14a and 14b show a geometrical enhancement, This
tends to indicate that the geometrical enhancement scen in % in the eastern cor-
ridor comes from spectral frequencies between 0, 1-1 Hz,

The median Py curves uniformly show a value slightly exceeding 2, actually
between 2, 2-2.3 rather than a value of 3, which is to be expected from a one-
dimensional in-gitu spectral index of 2 reparted earlier (Dyson et al, 197424;

24, Dyson, P, L., McClure, J.P,, and Hanson, W, B, (1974) In-situ measure-
ments of the spectral characteristics of fonospheric irregularities,
J. Geophys. Res. 78:1487,

29

A et B A o AL B ) v Th e

[T

oo e s

il



S T

s T e — T St T - —ms e —— —

GONSE BAY WIDEBAND  138MHz  Kp<35

T T T T 71 11T
" PREMIDNIGHT TRANSITS EAST JAN.22 - AUG. 8, 1979

| 0245 -0410 UT 7.2-8Tpts / DEG. LAT. |

20} J

10 :- -

- WORST CASE ..

0 90% b

- -

S5t .

% _J

(radians) r

2 " A
50 % ;

| = -
- P i

L ]

S+ .

\
-\ .
\

L\ ]

2t N j

[ S VO[S UV T N W L. 1 ! e ...._,__]
&% S8 60 &2 64 6% €8 TO V2 T4 13

INVARIANT LATITUDE

Figure 10a, Phase Scintitlativu Index 5y V6. Invari~nt Lathude for
Nighttime Transits East of Goose bay Under Quiel Magnetic Con-
dition.;

DT VA SRUUUVRR TP A S S )

[ESCW=

ELY

tm e e it il i AR P T it A

L

i b i ma v A 4l - o R N
e Ak b ket L e L £SO LR £ 25 ? vee e a9 QN R Ak e il (L b at s et N Wb L K kil bt




S e o

GOOSE BAY WIDEBAND (38 MH 2z Kp>3.5
A - T T ¥ 1 T 1 1 T 1 |
I PREMIDNIGHT TRANSITS EAST  JAN 22 - AUG.8,1979 -
| 024¢-0410 UT 10 - 46 ps /2 DEG. LAT. |
20} 4
1
10 WORST CASE -
t q
H - 90 %
L
i 9¢
(radions) I -_— 2 1
f _—/ o !
- ‘ 2k N 80% 4 ;
| - -1
;' 4
i 1
\ 5r i
3 . N i
i 1
2 - ~
f
F S VU WU PR | i L 1 i | 1 | 1
]

5% 58 60 62 4 66 68 T0 T2 74 76
INVARIANT LATITUDE

et

Iigure 10b, Phasge Scintillation Index o, va, Invariant Latitude for
Nighttime Transits East of Goose Bay Ueader Disturbed Magnetic

Condltions

M LM e vk vt b it
e L

31

E T P S Y N




GOOSE BAY  WIDEBAND I138MHz  Kp<35

¥ | 1 1 1 1 ! ' T 1 |

- MIDNIGHT TRANSITS OVERHEAD  JAN. 22 - AUG.8, 1979
| 0410 -0500 UT 23-63 pts./ DEG. LAT. |

20+ i
10 - -
sl i
d‘¢ B -
(rodians) o WORST CASE N
90 %
2 .
\ /ﬁ\\
gut \\ |
-\ 50% N
-y
Ly .
Ly ]
L ]
5 \
b i
\
L.} ]
\
[ g
2r .

L L 1 1 1 I L L i S
56 %8 60 62 64 66 68 70 72 74 76

INVARIANT LATITUDE

Figure 1la,  Phase Scintillation Index oy ve, Invariant Latitude lor

Nighttime Transits Overhead of Goose Bny Under Quicet Magpotic
Conditlons

32

¥
E
E,

obbiride: *Mart G0 e,




S

L T RN

GOOSE BAY WIDEBAND 138MHz Kp>3.5

1 T T T T T T 1 T T
~ MIDNIGHT TRANSITS OVERHEAD  JAN. 22 - AUG.8, 1979

| 0410 -0800 UT 13-22pts. /2 DEG. LAT,
20} .
10 - -
r WORST CASE ]
LY 90 % j
% i “
(radians) - .

'r -~ 50% ‘_J
- .
s ]

51 -
}. -
. ]

2 ]

| 1 1 i 1 1 1 L | L
56 58 60 62 €64 €66 €8 70 72 T4 76

INVARIANT LATITUDE

Flgure 11b,  Phase Scintillation Index oy va, Invariant lLatitude for
Nighttime Trangits Overhead of Goose Hay Under Disturbed Mag-
netie Conditions

33

U nd sl et

T ARl it




I e g s 4 e e OSSN

S g ey

T s ———— e
=

T T

GOOSE BAY  WIDEBAND 138 MHz  Kp<35
I A}

, $Q T T T 1

b L POSTMIDNIGHT TRANSITS WEST  JAN.22 - AUG.8,1979

3 | 0500-0640 UT 35-146 pts./ DEG, LAT. |

X

' 20r _,

;

or WORST CASE 1 :

. 90%) i l J

" 5t N { s0% 1 b

I’y ,‘a

# . j

?a % )

{radians) { N !%

x ?

r \ 2 " g

k’ ’ :
] - s

o
T
]|llLlL

. FRo! } 3 | 1 ). 1 ) 1 i
56 58 60 62 64 66 68 70 T2 74 76
t INVARIANT LATITUDE

i Figure i2a, Phase Scintillation Index g ve. Invariant Latitude for
Nighttime Transits West of Goose Bay nder Quiet Magnetic Con~-
! ditions

R T O TR

34

S i e b e R ot U S R

- o BTSLES n v & £ ~ 2 - s AT Do 7 1 Ve a iy DS - 2o
i PO RS N
WRT e e [ LSRR ki
N A enrt B SRR
DR PRI
BT




i IR o

GOOSE BAY  WIDEBAND  {38MMHz Kp>35

) r T L} i 1 1 1 1 1 1 1

- POSTMIDNIGHT TRANSITS WEST JAN.22 - AUG.8, 1979

ﬁ‘ . 0%00 -0840 UT 14 - 6l pts./2 DEG. LAT.

: o .

20t .

{ 0 -

i - 3

. i WORST CASE N

: r ]

t‘, 5+ 90 % ~

| - = -

i ¢

fs, (radions} [ -

; \

‘ er \ . :
i \ ;
L V50%
: | e -
: ]
: i ]
- .
4 5} .
‘ 4

AL

R O N WOV UG USSR WS SO U WU I I |
5% 58 60 62 64 66 68 70 T2 74 76

INVARIANT LATITUDE

AT e R NI —

T

S
n
T
1
B e

Figure 12b. Phase Scintillation Index o4 vs. Invariant Latitude for

Nighttime Transtits West of Goose Bay Under Disturbed Magnetic {

Conditions 4
{
i
]
i
!
{
!
i
4

35
%
.:.:,f‘.um\gmnuuku&g..aM.A._r.mu,__._;m..,, et




GOOSE BAY WIDEBAND 138 MH2 Kp <358
20 r—r—r T T T T T T T T
PREMIDNIGHT TRANSITS EAST JAN 22 - AUG.8B, 1979
3 0245 - 0410 UT 22 - 87 pis./ DEG LAT _
i3 10 - ,
3
¢ WORST
L CASE ]
4 of 90% - i
i .
‘; : :
: < ~l0T' ]
) 3 50% I
- w b
', ‘E -
: m  -20 -
X K] ;
! - ;
J‘ Ll 3
- 30~ . ;
L ,
& ;
" - 40 -
3 ° 1
k)
; E
R | 1 L L 1 | S| I 1 [N VORI RN P UVON ISOMD WOUOt
) 55 HE 57 86 59 60 61 62 €5 64 €5 66 61 68 69 70 T 72 73 74 .
r \ INVARIANT LATITUDE !
¢ Figure 13a, Spectral Strength T4 of Phase at 1 Hz vs, Invariant ‘
\ Latitude for Nighttime Transits East of Goose Bay Under Quiet !
Ny Magnetic Conditions b
ERS
‘l
! GOOSE BAY WIDEBAND 138 MHz Kp> 3.5 §
. 20  Sutn S I R A B Ean e Sl (oniint R A IR AR SR T ¥ ‘
; PREMIDNIGHT TRANSITS EAST JAN.22 -AUG. B, 1979 |
i 0248 - 0410 UT 18-22 pts. / 2 DEG LAT. J :
10} s
:
! WORST CASE
) Or -
I‘\
b v 0%
; £ .0k -
b El T ———— 0%
; [
€ /
F @
¥ % -z0f -
¥ .
S
\ i
; -40}- - |
N i
: !
2 ;
' ) U | 1 1 J U S | l i 1 | 1 J 1 i )
o5 BE B 8 B9 60 B 62 63 64 65 66 67 &8 63 (0 71 72 73 74

INVARIANT LATITUDE i

Figure 13b, Spectral Strength Ty of Phase at 1 Hz vs. Invariant
Latitude for Nighttime Transits East of Goose Bay Under Dis-
turbed Magnetic Conditions

SRR PO TUES CWR TP = a s -
3 UL BAEI st e m + mcntase sstiela L rhdies rmvnae e van . o

hssmmte e e e e e e eaze o SN . - BTy TAEE

SRS NV R SLEN



TRy TERVSEITRTR = 5 NPT S LA
T T TN VBT ST AR T MR AT T e R sasgne

;_.
f GOOSE BAY WIDEBAND 138 MHz Kp <35

N 20 | NN e U S At St R SENS EEND (N RN RS RSN RENNE SN I R I
MIONIGHT TRANSITS OVERHEAD JAN.22 - AUG. 8, 1979

3 0410 - 0800 UT 23 - €3 pts. / DEG. LAT. J
é |ok

k
3
G o
¢ 3
i RN WORST CASE A
3 0%
2 A
r\: r ,,I \\
i 8 .20k )\ Nsow
"o \ 4
~ \ ;
F \
[ -\ - . i
5 A
B -40F 4
i
TN SN VA A W O VSO U U AN S NOUpous ENUUS WSO (S U W :
M 5% 86 %? 58 59 60 6/ €62 63 €4 65 6 67 68 69 70 VI 772 B M4 .
‘1\ INVARIANT LATITUDE E
3 |
N Figure 14a, Spectral Strength Ty of Phase at 1 Hz vs, Invariant ,‘
Latitude for Nighttime Trans{ts Overhead »f Goose Bay Under :
Quiet Magnetic Conditions
. GOOSE DAY WIDEBAND 138 MHz Kp>3.5
: L i E e B s A B M M Bt e Bt e e B i
: MIDNIGHT TRANSITS OVERHEAD JAN. 22 - AUG. 8, 1979
; 0410 - 0500 UT 10-46 pis. / 2 DEG. LAT. ;
. O k- - i
::. : ol WORST CASE N !
90% i
! 2 3
S 3
i § -2 \/\ 4 !
. —————0% :
¢ j
? -0 - :
; ;
3 -ao n !
): ]
J Lt .1 1 1 L. L | L1 1 A 1 L 11 iy
r 55 B8 &7 BE 59 60 & 62 63 64 65 86 87 88 69 70 71 72 73 74 ;
INVARIANT LATITUDE i«
:
] Figure 14b, Spectral Strength Ty o! Phase at 1 Hz va, Invariant {
J Latitude for Nighttime Transits Overhead of Goose Bay Under :
; Disturbed Magnetic Conditions i
' '!
37 :
i

3
" LIRS GO e L e LA £ ndars s et s o [T N - 5 L DRGSR . = At bdien
. ¥
" . - S EUON




IS T e

DN T

- e

4 T

e e

TRr——T

GOOSE BAY WIDEBAND 138 MHz Kp <3.5

W T T T T T T T T T T T T T T
POSTMIDNIGHT TRANSITS WEST JAN.22 - AUG. 0, 1979
0800 -06840 UT 35 - 148 pts,/DEG, LAT.
10 -
WORSY
°+‘ CASE
L T
o /
-
g ol /\/\/\—/ / -{
i _ ——
2 -ZOL- n / -
W+
=30 -
-40pk T
U S WS W N WA SN WS WU SNV UUNN WU SR B ]

1 1
85 5 57 58 39 60 6/ 62 63 64 63 66 67 68 €9 70 Tl T2 73 74

INVARIANT LATITUDE

Figure 15a. Spectral Strength Ty of Phase at 1 Hz vs, Invariant
Latitude for Nighttime Transits West of Goose Bay Under Quiet

Magnetic Conditions

GOOSE BAY WIDESAND 138 MMz Kp>3.5
Wy — T Tt T T T T T T T
POSTMIDNIGHT TRANSITS WEST JAN. 22 ~AUG. 8, 1979
0800 - 0640 UT 14-8] pts /2 DEG. LAT
10 - 4
ok N
WORST CASE
- 20%
f
i_.‘ ot /\\” _
\,
M N
[3 \\
$ -z0- \ N
hg N 80%
=30} -
-40} .
NN S WU VNN VOO VU VUM N UV US S WIS NS WUNY SR S W
85 56 87 88 69 80 61 62 63 €64 63 66 &7 68 89 70 N T2 7y 74

INVARIANT LATITUDE

Figure 15b, Spectral Strength Ty of Phase at 1 Hz vs, Invariant
Latitude for Nighttime Transits West of Goose Bay Under Dis-

turbed

Magnetic Conditions

38

oS FREPRET T EE

db ‘i,

RS

RO

R VI NNy R




—ye

oty

o o s T e ey

T T

B e

o2

B T g+ s e o Yo e e e e

GOQSE BAY WIDEBAND 138 MHz Kp< 3.5

AN \ D T T 1 1 J | L T 1 1 | _l e ¥

PREMIDNIOHT TRANSITS EAST JAN.22 ~AUG. 8,1979
0245 -0410 UT 22 -87p1s./ DEQ, LAT.

-4

-3
WORST CASE
0%
>+ 50%
-2F
-

"

l)__LJ\\lll\ll\lllll
sh %% o7 %8 %3 60 6l 6263646666676869707!727574

INVARIANT LATITUDE \!

Figure 16a. Phase Spectral lndex pg v8. Invariant Latitude for
Nighttime Transits Easgt of Goose Bay Under Quiet Magnetic

Conditions
GOOSE BAY WIDEBAND 138 MH2
T T T T T

PREMIONIGHT TRANSITS EAST
0248 -0410 UY

Kp>3.5
A 1y |-

A)

JAN, 22 « AUG, B, 1979 ]
18-22 pta./ 2 DEG. LAT,

T A WA e sl i

-3
WORST CASE
90 %

P ‘/-~
(] -2 / e ——— 0% B

y i
i

E

!

L1 1 1 U WS I\ 1 1 L I\ H 1 1 i34 J

45 RE B7 BB B9 €0 6l 6z 63 &4 65 66 e7 68 69 710 71 12 13 14 :
INVARIANT LATITUDE H

i

Figure 16b, Phase Spectral Index pg V8. Invariant Latitude for ’
Nighttime Transits East of Goose Bay Under Disturbed Magnetic H
Conditions :

30

SRRV TP IR OPPSRIMLIENE - W PIEES TL T FCUEST A TRV SOpS B e e merts s e ARG LA A A oo s v e bl 2 a /
Sy N AP IP P T Y Y NPLS VR




hind DR e e oA SO Mo maedionrtimnp o 1 . .-

{ GOOSE BAY WIDEBAND 138 MHz Kp<35%

— 1 T T T I T T T T T LI T T T T T

3 MIDNIGHT TRANSITS OVERHEAD JAN.22 - AUG. 8, 1979

0410 - 0500 UT 23-63 pis. / DEG. LAT s
. ] ;?
-4} ~ y
i 1
g 2r ORST CASE | A
- w s

3 0 \_/ ;
* -2 L‘ / o ‘—“9’0'?&__ s0% 4 5
:" --~,¢’ y
3
[v" _' b e

A
¢ :
E j
3 ol | ]
i
i 1]
v y
‘l_ { L 1 i L 1 1 1 l Il i 1 1 i1 1 1. i l
B 85 56 57 58 59 60 6l 62 63 64 65 66 67 68 69 70 7 72 73 T4 ‘
J INVARIANT LATIYUDE ‘
r 3
L ‘ ]
; Figure 17a, Phase Spectral Index py vs. Invariant Latitude tor q
. Nighttime Transits Qverhead of Goose Bay Under Quiet Magnetic :
;‘ Conditious !
\i, GOOSE BAY WIDEBAND 138 MHz Kp> 3.5 %
y i B T T 1 T ! T : T 1 T T T 1 i
MIONIGHT TRANSITS OVERHEAD JAN.22 - AUG 8, 1979 ;
0410 0800 UT 10 - 46 pts. /2 DEG L AT

"
:
4 -4 .
Y g
ks
A /
2 3
& - -
X o WORST CASE
‘ — 5

[
() ’/’/\'---»- 50%
-2 -

1 ut Il { i 1 fo— L 1 1 l i 1 1 | ! | 1 B
88 &6 57 57 59 60 61 62 63 64 65 € 6T 6B 69 0 M T2 73 74

INVARIANT LATITUDE !

Figure 17b, Phase Spectral Index pg vs. Invariant Latitude for
Nighttime 'Transits Overhead of Goose Bay Under Disturbed
Magnetic Conditions

40

4
L factee A
NEE PSS PR e 8 320, 1L b " e o Rt e T s

Gk, b ikt s i, 69,2 vkt R e 2 s < " 3

S R L ISRV TR NIRRT SN TR NS FT O S ST o TN o LSS g




AR S A

GOOSE BAY WIDEBAND 138 MHz Kp<3.5
1 T T T v 70 T T 1 1 T 1 T L LI R L)
POSTMIDNIGHT TRANSITS WEST JAN 22 -AUG 8,979
0500 - 0640 UT 38-146 pts. / DEG. LAT

Yo 90%
2t e 30% .
[ -

0}- _

L Ll o ool d i T R | | 1 1 1 L1 1
56 %6 ®7 S 59 60 ol 62 63 64 65 66 67 68 &9 0 N T2 T3 74

INVARIANY LATITUDE

Figure 18a, Phuse Spectral Index py vs, Invariant Latitude for
Nighttime Transits West of Goose Bay Under Quiet Magnetic
Conditions

GOOSE BAY WIDEBAND 138 MH2 Kp> 3.5
TTYTTTTTTET VY Y T 1 T 1 T " T T T

Sl £ g — i el S T RPN TR

l" 1 T 7T T '
POYTMIDNIGHT TRANSITS WEST JAN. 22 - AUG.8, 979
0800 - 0640 UT 14-61pts. /2 DEG LAT.
-4 }. -
-3 </\\ ]
/-—_\\ WORST CASE
Py 90%
ammm——— == 50% _|]

| N U VSN SV CHN (NN USES IR AU WO SV WUNIE SN (NS IS U SR |
55 86 &7 55 89 60 6| 62 63 64 €5 66 67 €8 €3 TO N T2 Ty 4

INVS: LANT LATITUOE

Figure 18b, Phase Spectral Index py vs. Invariant Iatitude for
Nighttime Transits West of Goose Bgy Under Disturbed Magnetic
Conditions

41

4

d

FRPRNTIVON! S AP TR

1
o
#

3

ot A1 B

=




T T
Ll i

LT IR AT T T T

b o

Phelps and Sagalyn, 197(325). They are consistent however with the p, values
obtained at Poker Flat over a 2-year period (Rino, 197926). However, contrary
to these observations, no significant enhancement of Py is seen in the reglon of the
geometrical enhancement of % (Figure 3 of Fremouw and Lansinger, 1979"3).

4.2 Nighttime Intensity Statistics at Goose Bay

Since the geometrical enhancement is not vesry marked in the S4 index, these
data give us a better insight into the actual latitude variation of the strength of
turbulence ¢y (Rino, 197926) of the irregularities, Thus in the premidnight quiet
gituation (Figure 19a), median S4 increases from 0,2 at S(iOA to 0.6 at (i(ioA,
that is, a factor of 3 tncrease in 107 latitude, most of which is caused by an in-
crease of the strength of trregularities with latitude, In the worst case situation
it is possible to have saturated amplitude scintillations at 138 MHz throughout the
latitude interval during both quiet and disturbed magnetic conditions as ohserved in
Figures 184, 19b, 20a, 20b, 21a, and 21b, The primary effect of magnetic dis-
tur bances seems to be to ralse the level of seintillations at the low-latitude end of
the Wideband coverage,

The overhead quiet scintillation curve, Flgure 20a shows an interesting in-
crease of 54 at the low-latitude end near 55”A, Unfortunately the number of
points there are between 5410, Therefore we cannot conclusively {dentify it as the
plasmuspheric component of scintillations. A similar phenomenon was observed
at Poker Flat (Rino and Matthews, 19809).

The intensity spectral strength parameter, ’I‘I, and slope, pp, are shown in
Figures 22a, 22b, 23a, 23b, 24a, and 24b and 256a, 25b, 26a, 206b, 27a and 27b,
respectively, for the sake of completeness, Actually these parameters are of
limited use as 'l‘1 and by are contaminated by noise at the low=~latitude end when S4
is low, which {8 to be expected, However, these parameters are 4130 contaminated
by multiple scattering efferts when 54 i high and the roll~off [requetcy shown {n
Figure 5 moves to the high-frequency end (Whitney and Basu, 197727). Thus, only
the middle portions of the curves between 6064\ are of some use in providing
information on the tetaporal structure of scintillations, Within this range, median

-

25, Phelps, A.D.R., and Sagalyn, R,C, (1976) Plasma density irregularities in
the high-latitude top side ionosphere, J, Geophys, Res, 81:515.
AFCL-TR-76-0077, AD A024 244. —

26, Rino, C.1., (1978) A power law phase screen n.odel for lonospheric scintilla-
tion, 1. Weak scatter, Radlo Sci. 51:1135.

27. Whitney, H, E. and Basu, S, (1877) The efiect of lonowpheric scintillation on
VHY/UHF satellite communications, Radio Seci, 12:123, AFGL-TR-117-
0067, AD A037 520, - -
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Py and p¢ agree numerically as they should in the weak-scatter regime (Rulenach,
28
1975°7),

4.3 Daytime Phase Statistics at Coose Bay

In keeplug with the greatly equatorward position of the Goose Bay station with
respect to the daytime auroral oval, we see little phase scintillations during mag-
netically quiet times as shown by the median curves in Figures 28a, 29a, and 30a,
Scintillations increase poleward of 68°A, The overhead transits show a geomet-
rical enhancement near 64°A during both quiet and disturbed times (Figures 28a
and 29b) while the two other corridors do not have a prominent enhancement
(Figures 28a, 28b, 30a, and 30b), This led Rino and Matthews (1980)° and
Fremouw and Lansinger (1981)2° 1o postulate that the daytime irregularities are
in the form of field-aligned rods and not L-shell aligned sheets, However, a
small enhancement is visible in the eastern corridor (Figures 28a and 28b) as
with the nighttime date. The limited nature of the data base precludes any defini-
tive conclusions. The 90 percentile and worst case values can be as large as
5-10 rad even during quiet daytime hours,

The T,k parameters in the various categories (Flgures 31a, 31b, 32a, 32b,
33a, and 33k) behave very much like thelr % counterparts, displaying similar
geometrical cheracteristics as discussed previously, The daytime T¢ values are
at least 10 dB below the nighttime values as may be observed by comparing Fig-
ure 14a with Figure 32a,

The median p, values are shown in Figures 3+4a, 34b, 39a, 35b, 36a, and 36b,
They are also lower than the nighttime values probably because of the low %y mag-
nitudes that, in turn, are assoclated with a more notselike spectrum,

4.4 Daytime Intensity Statistics at Goose Bay

The S, indices observed at Goose Bay during the daytime are indeed very low,
During quiet magnetic conditions (Figures 37a, 38a, and 39a) the median value of
84 I8 everywhere less than 0.3 and {s about 0,1 close to overhead. No geometrical
enhancement I8 observed in the median for overhead passes but {s evident at the
90 and higher percentiles, Magnetic disturbances (Flgures 37b, 38b, and 30b)
cause S, values on the ovder of 0,5 at latitudes greater than 68°A and also glve

rige to noticeable geometrical enhancements,

28, Rufenach, C. L., (1975) lonospheric scintillation by a random phase screen:
spectral approach, Radio Set, 10:158,

29, Fremouw, E,J. and Lansinger, J, M, (1981) Recent high latitude improve-
ment in a computer based scintillation model, Proceedings of lonospheric
Lffects Symposium, Alexandria, Virginia, -
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4.5 Nighttime Phase Statistics at Anchorage

The Anchorage data covers only the period 24 January through 3 April 1879,
while the Goose Bay date also covered the [oliowing summer period until early
Auguat, 1979, when the Wideband satellite failure stc ed observations, We will
point out the salient features of this small data base and compare it with the
Goose Bay results using the same format as used for the Goose Bay data display.
In Sections 5 and 6 we wiil preaent magnetic activity and seasonal variations of
the phase and amplitude sr.intillations obtained at these two widely-separated
auroral stations,

The nighttime phase scintillation data in the 3 corridors is shown in Figures
40a, 40b, 41a, 41b, 42a, and 42b for quiet and disturbed times. The position of
the geometrica' enhancement for individual cases is between 60-61°A rather
than between 63- 64°A as with Goose Bay, This results from the different invar-
{ant latitude l:cotions of the two stations as given in Table 1. However the med-~
ian values at Anchorage often show enhancements at somewhat higher latitudes,
Rinu and Owen (1980)30 also found that the median position of the geometrical

erhancement tfor Fort Yukon baced on a small data set waa poleward of the theoret-
lcally predicted positinn for sheetlike irregularities, The geometrical enhance~
ment seema to be most marked in the overhead and western corridors but not in
the eastern corridor, We believe that the latter may be due to a lack of align-
ment with a particular L.-shell over a large altitude region, The same situation
prevailed in the western corridor for Goose Bay where the smearing took place
over a larger range of magnetic azimuths, Thus, the behavior of the geometri-

cal enhancement in the off-~overhead cerridors is different in the two longitude
gectors and t ~%.18 to be connected with the location of the magnetic pole with
respect to the ., acrving statlons (mnagnetic pols to the west of Goose Bay and east
uf Anchorage), which prcduces the different magnetic azimuth dependence with
altitude of the ray paths in the eastern and wesiern corridors. That {s to say that
the declination of the magnetic field changes fastest with altitude in longitude sec-
tors which are closest to that of the inagnetic pole. Fremouw and Lansinger
(1981), 29 on the other hand, pnstulated that the sheetlike anisotropy is local

time dependent attaining its most sheetlike form =t 0200 LT wher the western
corridor passes are observed in the Alaskan sector,

This set of Anchorage phase scintillation curves is very similar to the o, get
for Goose Bay in most other regpects, It is interesting to note, however, that
the low -latitude enhancement obseived at Gonse Bay in Figures 10a, 10b, and 11a
is missing from their counterparts (Figures 40a, 40b, and 41a) even though Rino
and Matthews (1980)9 observed such low-lat{tude enhancements at Poker Flat,

30. Rino, C.L. and Owen, J. (1980) The structure of loculized nighttime auroral
zone scintillation enhancements, J. Geophys, Res, 85:2841,
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We shall discuss this point further in Section 6. The T, behavior (Figures 43a,
43b, 44a, 44b, 45a, and 45b) follows the ¢ f behavior quite predictably., The p %
curves (Figures 46a, 46b, 47a, 47b, 48a, 48b) show median values of 2,1-2.4
and no increase in p, in the geometrical enhancement region. These are in

agreement with Goose Bay results.

4.6 Nighttime Intensity Statistics at Anchorage

The S4 index is plotted as a function of invariant latitude in the three groups
for the Anchorage station {n Figures 49a, 49b, 50a, 50b, 51a, and 51b, Two
factors are immediately apparent from Figure 50a: 1) the lack of a geometrical
enhancement in the median for the overhcad quiet data and 2) the absence of an
amplitude scint{liation increase at the low-latitude end of the coverage, Both
these factors are contrary to the nighttime observations at Goose Bay. The lack
of the geometrical enhancement is probably due to the low level of irregularities
expected at ~60°A under quiet conditions, Indeed a geometrical enhancement is
observed during disturbed times (Figure 50b), The lack of enhanced scintillations
both in phase and amplitude at the low-latitude end could be a seasonal effect and
w{ll be discussed further in Section 6,

The 'I‘I and p; curves (Figures 52a, 52b, 53a, 53b, 54a, and 54b and 55a,
55b, 56a, 56b, 57a, and 57b, respectively) behave very similarly to their coun~

terparts in the Goose Bay sector.

4.7 Daytime Pliase Statistics at Anchorage

Unlortunately, the latitude coverage for the Anchorage daytime phase scintil-
lation data shown in Figures 58a, 58b, 59a, 59b, 60a, and 60b i{s limited, partic-
ularly for the east and west corridors. What is surprising, however, is that the
magnitude of o, {8 much larger compared to the daytime o, observed at Goose
This will become more apparent when we present the seasonal comparisons

As with the daytime overhead Googe Bay data (Figure 29a) a geomet-
In the western corridor,

Bay.
in Section 6.
rical enhancement is clearly apparent {n Figure 59a,
also, a geometrical enhancement i{s observed as with nighttime data, Investiga-

tion of individual pass behavior shows that a fairly prominent geometrical enhance-
ment {8 observed in almost half the daytime passes observed in the western corri-
dor., Thus, at least, during this high sunspot period it may not be quite correct

to assume that daytime irregularities are always rodlike in nature as has been

done by Fremouw and Lansinger (1981), % This is again similar to the situation

at Goose Bay where two corridors also showed daytime enhancements as pointed
out in Sectfon 4, 5. This finding needs further careful investigation,
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The T, curves (Figures 6la, 61b, $2a, 62b, 83a, and 63b) behave similarly
to the o p set with again the same two corridors (Figures 62a and 63a) showing
geometrical enhancements, The magnitude of T,, however, {8 much larger than
that observed at Goose Bay, For instance, in the Goose Bay overhead daytime
T, plot (Figure 32a) the magnitude of median T at 55A is approximately -40 dB
whereas, st Anchorage-at the same position (Figure 62a) it {s a little below -20 dB.
(The 65°A position was chosen because it is outside the geometrical enhancement
region of the two stationa,) This is a very large difference in phase spectral
density at the two stations.

The Pa values, shown in Figures 64a, G4b, 65a, 65b, 66a, and 6Gb are {n
their median values slightly higher tnan their Goose Bay counterparts, For
tnatance, comparing Figure 25a with Figure 65a we find that p‘ varies between
2.0 and 2.1 in the latitude interval 61-67°A at Goose Bay whereas, at Anchorage
Py is 2.2 between 60-83"A. This slight elev.tion of Py can probably be explained
tyv invoking better signal-to=notse rutios rssociated with the higher phase scintil-

latinns in the Anchorage sector.

1.8 Davtime Intensila-Statistics at Anchorage

As 18 to be expected from the phase statistics, the amplitude statistics at
Anchorage shawn in Figures G7a, 67b, 68a, 68b, 69a, and\ 69b show a much higher
level of S, index ns well as magnetic storm increase in S4 when contrasted with
slinilar curves in the Goose Bay sector. This is an unexpected result emanating
from this comparative study and reasons for such behavior are unclear at this

time,

3. MAGNETIC ACTIVITY VARIATION OF SCINTILLATIONS

In Section 4 the scintillation data at the two stations were lumped into two wide
ranges of magnetic activity, To study the effect of magnetic activity over smaller
ranges we constructed three subgroups of the data: the lowest range being
Kp - 0-2", an intermediate range with Kp = 2-5", and the high activity group with
Kp = 5, To obtain some statistical validity of the median scintillation values,
particularly in the highest activity range, we put together the three different time
sectora for nighttime and daytime passes and considered 2° 1atitude bins. Mag-
netic activity seems to affect the nighttime auroral oval region at latitudes <68° as
may he obarrved from Figures 70 and 71 which show the median o, and S‘ asa
tunction of latitude for Goose Bay. It is somewhat surprising that about 68°A there
arema to be little effect of magnetic storms (n increasing either of these param-
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T"igure 70, Median Nighttime l.atitudinal Distribution in Goose
Bay Region ol Phase Scintillation Index 04 48 Function of
Magnetic Index Kp

The gituation is quite different for aaytime Goose Bay o, and S4 data shown
in Figures 72 and 73 where the effect of high magnetic activity (Kp = 5) is to
greatly increase beth T and S throughout the latitude range covered (58 0-72°7).
In fact, the etfect of megnotsc actwlty dramatically increases the median level of
scintillation indices above about 66”7 A. However, particularly for the S4 index
there is l{ttle Kp control of scintillations in the low and intermediate range.

In the Alaskan sector scintillations at night seem to be more sensitively con-
tr-lled by magnetic activity particularly at the high-latitude end as shown by the
Ancrorage data tn Figures 74 and 75. The Goose Bay nighttime S4 data generally
show a larger median level th~n similar Anchorage data. For instance, if the
scintillaiion boundary is arbitrarily defined by S4 = 0,3 (peak-to-peak fluctuntions
of 6 dB) then the low-Kp boundary at Goose Bay is 59°A (from Figure 71)
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whereas, Anchorage data puts it at 64°A. The intermediate Kp is at 57°A at Goose
Bay and 59°A at Anchorage, while for high activity Goose Bay is always polewara
of the boundary, whereas Anchorage shows that the boundary is between 58° and
59°A. & similar comparison of the phase scintillation boundary is difficult be~
cause tae prominent geomeirical enhancement occurs at two different positions at
the two r.otions,

The daytime magnetic activity variations of 9y and S4 at Anchorage are shown
in Figures 76 ani 77. Both parameters seem to be quite sensitively controlled by
the Kp {ndex. The daviime S4 comparison between Goose Bay and Anchorage
points out dramatic dilferences. If we again use the concept of the scintillation
boundary defined by S4 < €. & at the two stations, then we find from Figures 73 and
77 that the entire latitude range of 56°-=71°A in the Goose Bay sector is
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s Figure 74, Median Nighttime Latitudinal Distribation in
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i
cauatorward of the houndarey for low rnd intermedinte Kp values, Very different
isg the behavior at Anchovage where the low <Kp boundary is observed at (Hi”/\ and
the intermediate Kp boundary is at 83°A,  The high Kp boundary shows a double
humned behavior at Goose Bav with the boundary crossings at 6197 and 157“/\,
. while the boundary at Anchorage is observed at only 58" A, the .‘-;4 rising steeply
] wvith latitede in o monotonic way, This much-increased daytime scintillation
» evel st Anchorage is opposite to the generally reduced level observed at night in
J thiv tector,  The nighttime and davtinmie boundaries at the two stations are shown
“ in tabulae form in Tabhle 2, Further daytime-nighttime comparisons in the two
secinrs obzeved during the same season will be presented in the next section,
y.
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Region of Phase Scintillation Index % as a Function of Magnetic
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Table 2.8, Boundary

Goose Bay Anchorage

Night Day Night Day
Low Kp 59" A ~T19A 64°A 66°A
(0-27)
Inter Kp 577 A ~T17A 507 A 63°A
(2-57)
High Kp <56 A 617 + 67°7 58-54"A 58°A
(>5) (deuble)
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6. LIMITED SEASONAL SCINTILLATION COMPARISONS AT
GOOSE BAY AND ANCHORAGE

It was pointed out earlier that Wirdeband data at Goose Bay exists from late
January, 1979, through Augu.t of the same year wlien the satellite ceased trans-
mitting. However, at Anchorage the data starts at the ame time but ends in
April, 1979, As far as seasonal comparisons are concerned only the vernal
equinox behuvior can be compared In the two sectors ot the auroral oval, For
Goose Bay it i{s possible to study the vernal equinox and summer behavior of
scintillations, While the equinox comparison at the two stations may be of
interest given ithe conflicting long-term behavior in the two gectors (Figures 1
and 2), the vernal eguinox and summer battern at Goose HBay during high sunspot
conditions may turn out to he very dimilar as was observed in 1968-69 for
Nat ssal ssuag observations, It is unfortunate that a full year's Wideband obser-
vations are not available from Goose Bay,

Te make the comparison in the two Sectors meaningful we have plotted, in
Figures 78 and 79, the nighttime and daytime phase scintillation data observed
during the vornal equinox (22 January through 30 April 1879) at the two stations
under guiet magnetic conditions (Kp « 3, 5), while Figures 80 and 81 show the
same data during magnetically disturboed conditions. As with the magnetic activity
study presented in Section 5, we have put together data from all three corridors
und show only nmedian values of phase scintillation in Figures 78 through 81 and in
sl other dingrams 1o be precsented in this section, The difference in phase scin-
tillation behavior is quite large in the two sectors, the relative nighttime and
daytime behavior being quite different, The median level of nighttime phase scin-
tillation is much higher nt Goose Bay, while the opposite {8 the situation during
the daytime, To quantize the differences in terms of an arbitrary phase scintil-
lation boundary set at 1 rad, we [ind that the nighttime boundary is at 58°A for
Goose Bay and 60”A for Anchorage. Obviously these numbers are somewhat
affected by the geometrical enhancement., The daytime differences, where such
geometrical factor has little or no effect at the 1 rad level, are vivid with the
boundary being at 70YA for Goose Bay, while it {s only 64°A for Anchorage.
Indeed poleward of 65°A, the daytime phase scintillation exceeds the nighttime
level in the Alaskan sector. This particular behavior is also observed at
Anchorage during magnetically disturbed times (Figure 81), while nighttime
phase scintillation always exceeds the daytime level at Goose Bay (Figure 80),

The four corresponding diagrams for the amplitude scintillation are shown in
Fig.res 82 through 85. Using the amplitude scintillation boundary concept with
the b undary delined at S4 - 0.3, as in Section 5, we find the nighttime and daytime
Goose Bay sector boundaries for quiet magnetic conditions (Figure 82) to be at
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Figure 78, Phase Scintlllation Index 04 Observed During the
Vernal Equinox (22 January through 30'April 1979) at Goose
Bay as a Furniction of Invariant Latitude Under Quiet Magnetic
Conditions (Kp < 3. 5) Separated into Night and Daytime
Periods

57° and 7001\, respectively, These compare well with those defined in terms of
the phase scintillation boundary of 1 rad. The corresponding numbers in the
Anchorage sector are given by 63° and 65°A. There i a discrepancy between the
nighttime phase and amplitude boundary at Anchorage primarily because the night-
time phase boundary is somewhat artificially lowered by the geometrical enhance-
ment near 60°A. The amplitude scintillation during night and day become sensibly
of the same magnitude polewards of 66°A for qulet times (Figure 83) and pole-
wards of 63°A for disturbed times (Figure 85) but, the daytime values do not
actually exceed the nighttime values as was the case with phase scintillations
(Figures 79 and 81). The Goose Bay amplitude scintillation behavior follows that
ol the phase as may be observed by comparing Figures 78 and 80 with
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Figure 79, Phase Scintillation Index g4, Observed During the
Vernal Equinox (22 January through 30 April 1878) at Anchorage
as a Function of Invariant Latitude Under Quiet Magnetic Con-
ditions (Kp < 3. 5) Separated into Night »nd Daytime Periodo

Figures 82 and 84, respectively. The various boundaries are summarized in
Table 3.

The differences in the day-night scintillation behavior at the two stations are
probably the most significant results to emanate from this comparative study.
The reasons for such differences seems quite unclear at the present time. Unfor-
tunately, Wideband data from Poker Flat for the same time period {8 not avail-
able, The data would have hLelped in determining whether a consistent pattern is
observed at Anchorage and Poker Flat, two stations almost on the sam» longi-
tude but 5° apart in latitude,

It is very encouraging to note from published amplitude scintillation data
from Poker Flat (Rino and Matthews, 1980)9 that the daytime 50 percent exceed-
ance level of S, exceeds the nighttime S4 levels poleward of approximately 67°
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Figure 80, Phase Scintillation Index o4 Observed During the
Vernal Equinox (22 January through 30 April 1979) at Goose
Bay as a Function of Invariant Latitude Under Disturbed Mag-
netic Conditions (Kp > 3, 5) Separated into Night and Daytime

Periods

Table 3, Phase and S? Boundaries, Vernal Equinox -
o]

Quiet Magnetic Condition (Kp < 3. 5)
e e
Phase S4
Goose Bay Anchorage Goose Bay Anchorage
7007 64°A 70°A 65°A
Night 5897 60°A 57°A 63°A
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Figure 81, Phase Scintillation Index oy Observed During the
Vernal Equinox (22 January through 30 April 1979) at
Anchorage as a Function of Invariant Latitude Under Dis-
turbed Magnetic Conditlions (Kp > 3, 5) Separated into Night
and Daytime Periods

dip latitude as shown in Figure 86. Rino and Matthews (1980)9 do not point out
that morning scintillation actually exceeds nighttime scintillation at the high-
latitude end but, they do state that ''a significant amount of daytime morning scin~
tillation does occur', ® Figure 86 was constructed by combining the nighttime and
daytime S4 plots given in Figures 6 and 7 of Rino and Matthews (1980)9 and is very
helpful in establishing the enhanced level of daytime scintillation occurrence, All
data obtained during the year May 1877 through April 1978 were used for the graph,
{rrespective of the level of magnetic activity, Over most of the latitude interval
the exceedance statistics vere computed on a large number of 20-sec S4 values in
each 2, 5° latitude bin. ~:sually varying between 500-1000, The fact that our small
data base at Anchorage follows the trends of the much larger Wideband data bank
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Bay as a Function of Invariant Latitudc Under Disturbed Mag-
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Figure 85. Amplitude Scintillation Index S4 Observed During
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Anchorage as a Function of Invariant Latitude Under Dis-
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Figure 86, Amplitude Scintillation Index S4 at Poker Flat During 1977-1978 as a
Function of Dip Ixatitude Separnted into Day and Nighttime Periods (Rino and
Matthews, 19§0)

is very rcarsuring and actual physical mechanisn.s tor such longitude-deper.dent
y 4 Y g

morning irvegularity generation have to be sought.
The final set of graphs prevent the summer (May through August, 1979) scin-

tillation pattern obvserved at Goose Bay. The quicttime phas~ and amplitude s.in-
tillations are shown in Figures 87 and 89 and the disturbed behavior is shown in

Figures 88 und 90, 'Two factors are noticeable in comparison with Goose Bay i

‘ spring behavior: 1) there is an overall slight decrease in median scintillation i

|
|
i
k‘
*
|
%,

walues in sur.mer and 2) there is a tendency for the phase scintillations (Fig-

ure: 87 nnd 88) to show ar mcrease at the low-latitude end. The decrease in

median zcintillation values can bes' be described by determining the boundary

location i the two seasons. We have already noted that the amplitude boundary

Juring the veinal equinox at Coose slay at at 57°A by night and 70°A by day
(Figur- ,2), In contrast, the corresponding sumuier boundaries are 50°A by
night ad approximately 13°A by day. During d.sturbed times the boundaries are

at 56" and (;70, rrespectivelr. while the summer boundaries are at 56° and 69° as '“
glven in Table 4, The general shape of the curves in the two seasons remains the
same, The low-latitude criaancement during the summer, which was noticeably
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I'lgure 87. Phase Scintillation Index oy Obscerved During the
Summer (May through August) at Goose Bay as a Tunction of
Invariant Latitude Under Quiet Magnetic Conditions (Kp < 3. 5)
Separated into Night and Daytime Periods
sbhserved from this small data set primarily in phase scintillation, was also ob-
9

served during the summes ot 1974 in Paker Flat data (Rino and Matthews, 1980),

However, i+ was not ahscrved at Poker Flat during either the 1977 or 1978 vernal

croinox,  Thus, the absence of a low-latitude enhancement at Anchorage during
the vernal equinox of 1979 i, at least, congistent with earvlier data in the same
sector,  Further invesiigations are necessary to determine whether the suinmer
occurrence of enhianced-scintillations near 557A s in anyway related to

sporadic -1, occu rence »t such I'tiludes (Basu et al, 1.‘)7331),

31, Basu, S., Vesprini, R,1.., and Aarons, J. (1973) Field-aligned tonospheric
Ii-region irregularities and sporadic 15, Radio Sci. 8:235. AFCRIL-TR-
73-0258, A1) 760 853, -
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7. CONCLUSIONS

Phase and amplitude scint{llation measurements from two widely separated
auroral stations have been presented. While the primary objective of this report %
was to determine the scintillation statistics at the two stations, which would be
helpful to users in planning their individual system requirements, features of

considerable scientific {nterest were also observed which need further study.
L]

The findings which fall in this latter category are: 1) the existence of 1.-shell

aligned sheets in the daytime and 2) the existence of a significant amount of
daytime scintillations in the Alaskan sector at latitudes ~65°A, To emphasize

these findings we show in Figure 91 the phase scintillations observed during four !
individual daytime passes in the western corridor of the Alaskan sector that show

large geometrical enhancements as well as large ""source’ enhancements at lati-
tudes greater than 61°A. The large values of the Briggs-Parkin (BP) angle i
Such en-

cleurly indicate that these passes are off the magnetic meridian plane,
hancements were observed in more than half of the passes in the western corridor

as mentioned earlier, Goose Bay sector passes algo clearly showed evidence of

such off-overhead geometrical enhancements when irregularities were present

equatorward of the station, particularly {n the eastern sector,

The cxistence of a longitudinally vo. yi- 7 daytime {rregularity source approxi-
mately 10" equatorward of the dayside auroral oval {8 quite intriguing., In the
Alaskan sector, voordinated Chatanika radar and scintillation measurements using

250-Mlz beucons and the GPS constellation of satellites are planned for November,

1981, tn study these problems further, It will be quite important to determine

whether the current-convective instability (Ossakow and Chaturvedi, 19793";
Chaturvedi and Qasakow, 197‘."“: Vickrey et al, 198034) and the F X ﬁ {nstability |
that have been postulated to explain nighttime scintiliations (Rino and Owen, i

1980:“; Rino, 198135) are zlso valid mechanisms for daytime irragularity genera-

tion,

As [ar as the user {8 concerned, the most notable feature has been the lungt-
tudinal difference observed during the sBame season (vernal equinox) of the relative

daytime and nighttime leve's of phase and amplitude scintillations at the two

32. Ossakow, S.1., and Chaturvedi, P, K, (1979 Current convective instability

in the diffuse aurora, Geophys. Resa. Lett, 8:332.
33. Chaturvedi, P.K. and Ossakow, 5.1, (i1879) Nonlinear stabil{zation of the
current convective {nstability in the diffuse aurora, Geophys. Res, Lett,

6:857,
34. Vickrey, J.F., Rino, C.L., and Potemra, T,A, (1980) Chatanika Triad .
observations of unstable lonization enhancements in the auroral F-region,

Geophys, Res. Lett, 7:7898,
Rino, C. L. (1881) Private communication, y

35.
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stations, ‘The differences are large enough to warrant more measurements of this
kind to provide realistic mnum to user-oriented models currently under develop-
ment (Aarons et al, 1!'80 Y Fremouw and Lansinger, 19812 ). Finally, it ought
to be pointed out that these measurements were carried out at the highest part of
the current sunspot cvele, [t s inipartant to estimate the effect of the sunspot

cvele on geintillations with the help ot long=term measurements,

A sequel to this report will present phase and amplitude scintillation statistics

obtained at Goose Bay with the geostationary satellite Fleetsatcom transmitting at
244 MHz, The geostationary orbit will allow the determination of a complete

diurnal pattern of such statisties,
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Figure 91, Individual Daytiime Passes in the Western Corridor from Anchorage
Showing Davtime Geometrical Fnhancement

36, Aarons, J., MacKenzie, E., and Bhavnani, K. (1880) High latitude analytical
formulas for scintillation levels, Radio Sci. 15:115, AFGI.-TR-80-
0144, AD AOB4 209, '_ ™

127




9.

10,

References

Basu, S. and Kelley, M, C. (1879) A review of recent observations of equa-
torial scintillations and their relationship to current theories of F-region
{rregularity generation, Radio Sci, .'1:_:471.

Basu, S. and Basu, S. (1881) kKquatorial scintillations —a review, J. Atmos,

Terr, Phys, 43:473.

Aarons, J., Mullen, J. P., and Whitney, H, E, (1968) The acintillation
toundary, J. Geophys. Res. 74:884.

Aarons, J, and Allen, R.S, (1871) Scintillation boundary during quiet and
distu~Led magnelic conditions, J, Geophys, Res, 76:170, AFCRIL.-71-0101,
AD 715 823, -

Rrown, Mo D, (1970) Elffects of atmospheric induced phase errors in synthetic
nperti. e radar, Report SAND76-0520, Sandia Laboratory, Albuauerque,
New Muoxico,

Wand, .4, and Evans, J,V. (1875) Morphology of lonoapheric scintillation
in the auroral zone, Proceedings of Symposium on Effect of the lonosphere
cn Spav. Systems and Communications, J. M, Goodman (ed.), U.S, Gowt,
Brintng <‘\?Hr . Washington, D.T.

Crane, R.K, (1976) Spectra of fonospheric scintillation, J. Geophys. Res,
81:2041.

Fremouw, K.J., Leadabrand, R.l.., Livingston, R,C., Cousins, M,D.,
Rino, C.1,,, Fair, B,C,, and Long, R.A, (1978) Farly results from the
DNA Wideband satellite experiment — complex-aignal scinttllation,

Radio Sci, }ﬁ:l(i?-187.

Rino, C.L. and Matthews, S.J. (1880) On the morphology of auroural zone
radlo wave scintillation, J. Geophys, Res, 85:4139,

Fremouw, E.J., Lansinger, J. M., and Mlller, D,A. (1880) Further geo-

physical analysis of coherent satellite acintillation data, Annual Regrt,
PD-NW-81-237R, Contract No., F498620-78-C-0014, Physical Dynamlcs,

Inc,, Bellevue, Washlngton,

129

-

pilchudo U bed bleadiediO? 73




11.

12.

13.

14,

15.

16,

17.

21,

22,

23.

24,

26,

21.

29,

Fremouw, E.J., Rino, C.L., Livingston, R.C., and Cousins, M,.D. (1977)
A persistent subauroral scintillation enhancement observed in Alaska,
Geophys, Res. Lett. 4:539,

Rino, C.L., Livingston, R.C., and Matthews, S.J. (1978) Evidence for
sheet-like auroral ionospheric irregularities, Geophys. Res. Lett.
5:1038,

Fremouw, E.J. and Lansinger, J. M. (1978) Continued geophysical analysis
of coherent satellite scintillation data, Annual Report, PD-NW-79-213R,
Coatract F40620-78-C-0014, Physical Dynami:s, Inc., Bellevue,

ashington,

Basu, Sunanda (1975) Universal time seasonal variations ol auroral zone
magnetic activity and VHF scintillations, J. Geophys. Res, 80:4725-4728,
AFGL-TR-76-0114, AD A025 579, -

Rasu, S., and Aargns, J, (1980) The morphology of high-latitude VHF scin-
tillation near 70°W, Radlo Sci. 15:59. AFGL-TR-80-0145, AD A084 298.

Davis, T.N. and Sugiura, M. (1966) Auroral electrojet activity index AE and
its universal time variations, J. Geophys. Res. 71:785-001.

Boller, B, R. and Stolov, H, 1., (1970) Kelvin-Helmholtz instability and the
semi-annual variation of geomagnetic activity, J. Geophys. Res.
75:6073.

Boller, B, R. and Stolov, H.L, (1974) Investigation of the assouciation of
magnetopause instability with interplanetary sector structure,
J. Geophys. Res. 78:673,

Martin, E, and Aarons, J. (1977) F-layer scintillations and the aurora,
J. Geophys, Res, 82:2717-2722. AFGI.-TR-77-0182, AD A043 623,

Livingston, R,C. (i979) Micro-Wideband analysis summary output —-Wideband
beacon, Technical Memorandum, SRI International, Menlo Park,
California.

Feldstein, Y.l. and Starkov, G.V, (1867) Dynamics of auroral belt and polar
geomagnetic disturbances, Planet, Space Scl, 15:209.

Rriggs, B, H. and Parkin, 1.A, (1963) On the variation of radio star and
satellite scintillation with zenith angle, J. Atmos, Terr, Phys, 25:339,

Mcllwain, C.E. (1961) Coordinates for mapping the distribution of
magnetically trapped particles, J. Geophvs., Res, 66:3681,

Dyson, P.l.., M~Clure, J. P., and Hanson, W.B, (1974) In-situ measure-
menta of the spectral characteristics of fonogpheric irregularities,
J. Geophys. Res. 79:1487,

Phelps, A, D.R, and Sagalyn, R,C. (1976) Plasma density irregularities in
the high-latitude top side tonosphere, J. Geophys, Res, 81:515,
AFGI,-TR-TG-0077, AD) A024 248, -

Rino, C.1., (1979) A power law phase screen model for lonospheric scintilla-
tion, 1, Weak scatter, Radio Sci, 14:11365,

Whitney, H, Ik, and Basu, S. (1977) The effect of lunospheric scintillation on
VHF/UHF satellite communications, Radio Sci. 12:123, AFGL-TR-77-
0067, AD A037 520, -

Rufenach, C, 1., (1975) Ionuspheric scintillation by a random phase screen:
spectral approach, Radlo Sci, 10:155.

Fremouw, E.J, and Lansinger, J. M. (1981) Rerent high latitude improve-
iment in a computer based scintillation model, Proceedlngs of Tonospherlc
Effects Symposium, Alexandria, Virginia,

130

e e L LTI T T T T s 1




30,

B

R

313,

Rino, C. L., and OUwen, J, (1980) The structure of localized nighttime auroral
sone scintillation enhancements, J. Geophys. Res. 93:294[.

fasu, 8., Vesprint R, L., and Aarnns, J. (1973} Field-aligned ionospheric
L -ragion irregularities and sporadic E, Radlo Sci. 8:235.
ALCRIL-TR=73-0258, AD 760 853, s

¢ agukow, S, L. und Chaturvedi, P.K. (1970) Currem convective instability
in the diffuse aurora, (jt-raghzs._!h-s. Lett. _(\:33',‘4

Pk, an Ossakow, Sl (19741 Nonlinear stabilization of the

Craturvedy,
instahility in the diffude aurora, Geophys. Res, l.ett.

current convectige
B a7,
Uy e, Ja ., Pino, L [
ounstabie doniszaton cnhancen
Pttt 7O,

and Dotemra, 1A (1980) Chatanika Triad

nhacrynnon «nts in the auroral F-region,

Creophive

T B S EE R S B A A TN AR AL ation,
Ao, Maciansae, b aned Bhooonany, K, (1980) High Jatitude analytical
CLoputa e cotitintion R R N T T TR A PR S ER B B AYGL-TR-80-

R NS AR




Berkeley Research Assoc.
Attn: Clifford W. Prettie
P. O, Box 983

Berkeley, CA 94701

ESL, Inc.

Attn: J. Marshall
495 Java Drive
Sunnyvale, CA 94086

Def. Nuclear Agency
Attn: STTL Tech, Library
Washington, D.C. 20305

Mission Research Corp.
Attn: R. Bogush

735 State St.

Santa Barbara, CA 93101

Naval Research Lab.
Attn: Dr. John Goodman
Code 4110

Washington, D.C. 20375

Major R. Babcock
AWS/DNDP
Scott AFB, 1L 62225

Major G, Wortham
AFGWC/WSE
Offutt AFB, NE 68113

Lt. P. Styczek
SACCA/CSS
Offutt AFB, NE 68113

133

DNA Distribution List

kd Skomal

Aerospace Corp.

Box 92957 ,
Los Angeles, CA 80009 4

Allen L., Johnson <
Alr Force Avionics Lab '
AFAL/AAAI |
Wright Patterson AFB :
Ohio 45433 ‘

Dow Evelyn
Def Nuclear Agency/RAAE
Washington, D,C. 20305 :

Major L. Wittwer
Del Nuclear Agency/RAAE ;
Washington, D.C. 20305 !

Major R. Sutton
SD/YKX

P. O. Box 92960
Worldway Postal Center
Los Angeles, CA 90008

Dr. H. Soicher

US Army Communication Res. and
Development Commons

Fort Monmouth, NJ 07703
(DRDCO~COM-RH-4)

SRI International

333 Ravenswood Ave,
Menlo Park, CA 84025
Attn: C. Rino

— s

FALOEUING Felh blaidkeNOT FI




SRI International

333 Ravenswood Ave,
Menlo Park, CA 94025
Attn: R. Livingston

Physlical Dynamics, Inc.
P. O, Box 3027
Bellevue, WA 98009
Attn: E,J. Fremouw

Dr. K. Davies
NOAA
Boulder, CO 80302

Dr. H. Mullaney

Code 427

Dept. of the Navy

Office of Naval Research
Arlington, VA 22217

Dr. George Millman
General Electric Co.
Building 9, Room 48
Court Street Plant

Syracuse, NY 13201

Prof. K.C. Yeh

University of Illinois

Dept. of Electric Engineering
Urbana, IL 61801

Dr. Warren Brown
Sandia Lab

ORG 5410A
Albuquerque, NM 87115

Dr, C.H. Liu

60 Electrical Engineering Bullding
University of Illinois

Urbana, IL 61801

Dr. S, Ossakow

Plasma Dynamics, Code 7750
U.S. Naval Research Lab
Washington, D.C. 20390

Dr. Phil McClure
U. of Texas at Dallas
Richardson, TX 75080

Prof. H.G. Booker
Dept. of Applied Physics
U. of Callf, at San Diego
La Jolla, CA 92037

134

Prof. Michael Kelley
Dept. of Elect. Engineering
Cornell University
Ithaca, NY 14850

Prof, W.B. Hanson

U. of Texas at Dallas
Richardson, TX 75080




