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1.0 INTRODUCTION

One of the most prominent features of the nightside electron density distribution is
a well defined ionization-depleted sector in the F-region known as the mid-latitude
trough. In general, the mid-latitude trough is geomagnetically orientated along a
circumpolar region at an L-shell value of approximately 4. Being originally
considered as the boundary region between the mid-latitude and polar ionosphere,
it occurs both in the northern and southern hemispheres.

The first observations and identification of a depletion zone in electron density
measurements at F-region heights in the auroral zone was made by Muldrew [1965]
and Sharp [1966]. It was Muldrew [1965] who gave it the name "main trough”, so as
to distinguish it from other temporary high-latitude troughs. However other
names have been used in the literature to describe the same phenomenon. In the
ensuing discussions the terms "mid-latitude” and "main” trough will be taken to
mean the depletion of F-region electron densities at sub-auroral latitudes, which are
mostly seen as a nocturnal feature.

Extensive investigations on the characteristics of the main trough have been carried
out [Moffet and Quegan, 1983]. From these observations we extracted the following
list of main features of the trough:

a) The main trough is generally a nightside phenomenon, although it has
been observed in the pre-dusk, dawn and noon time sectors, especially at
latitudes above =70° MLAT in winter months (Whalen, 1992). Frequently
observed after sunset, it extends from the dusk to the dawn sector.

b) It is more pronounced during autumn and winter months and less
evident in spring and summer. In summer the trough only occurs near
local midnight.

¢ The trough center under very quiet conditions is located near 65°
corrected geomagnetic latitude, with a width of approximately 10° at the
maximum of the F-region peak [Mendillo & Chacko, 1977; Evans et al.,
1983].




d) The poleward edge of the trough generally displays a latitudinal extent of
1.5° in comparison to the 7° observed for the equatorial edge [Mendillo
and Chacko, 1977]. The equatorial edge of the auroral oval is usually
regarded as the poleward edge of the main trough [Liszka and Turunen,
1970}.

e) From a ground-based station the latitude of the trough appears to decrease
throughout the night. Since the apparent movement at magnetic quiet
times is purely attributed to the rotation of the earth, a movement back
towards higher latitudes is observed in the dawn sector.

f) The position of the main trough primarily depends on magnetic activity
and local time. For example, during periods of increased magnetic
activity the trough moves to lower latitudes.

From statistical analysis of the main trough position empirical formulas were
derived for the location of the center of the main trough [Rycroft and Thomas, 1970;
Rycroft and Burnell, 1970; Halcrow and Nisbet, 1977]. Rycroft and Thomas, [1970]
concluded that the center of the plasma pause at 1000 km altitude and the center of
the main trough both lie on the same geomagnetic field line

Two of the most promising theories to explain the formation of the nocturnal
trough are the so called "stagnation theory" [Knudsen 1974; Knudsen et al., 1577;
Spiro et al., 1978] and the "enhanced recombination theory" [Banks et al., 1974;
Schunk et al., 1975]. These theoretical studies stress the importance of plasma drift
in trough formation. In particular, horizontal velocities inside and outside the
trough may give a good representation of how convection patterns are influencing
the formation and shape of a trough. For example, rapid ion convection due to
electric fields increases the ion temperature Tj by ion-neutral friction, which
increases recombination rates and in turn lowers the electron density [Schunk and
Sojka, 1982; Standley and Williams, 1984; Torr and Torr, 1979]. In addition, the
competing rotation of the earth and the westward plasma convection produce a
stagnation region in which the trough forms. The depleted plasma tubes formed in
the nightside convect westward to the afternoon sector where they produce the pre-
dusk troughs [Spiro et al., 1978).




This report further investigates the characteristics of the main trough using data
from the Air Force Phillips Laboratories' high-latitude Digisonde network of
(Buchau et al., 1988], Goose Bay (53.3N, 299.2E) and Argentia (47.3N, 306.0E), and the
University of Massachusettes Lowell Digisonde at Millstone Hill (42.6N, 288.5L).
Data for a six month period (January - June 1990) are analyzed and the statistical
results are interpreted in terms of the theories on trough formation. The analysis
concentrates on the dusk sector and the drift velocities involved in producing a
stagnation region. Also the first occurrence in time of a trough detected at these
stations is shown and comparisons to varying magnetic activity are discussed.

2.0 DIGISONDE DATA AND ANALYSIS METHOD

A network of digital ionosondes was used to collect the data. The Digisondes 256
sounders [Reinisch et al.,, 1989], unlike conventional ionosondes can operate as
monitoring ionosondes (ionogram mode) for the routine recording of multi-
parameter ionograms, and as an HF radar drift mode to measure the drift. In
ionogram mode, the Digisonde reveals the ionograms and scales them in real time,
providing all of the important ionospheric characteristics and the vertical electron
density profiles [Reinisch and Huang, 1983]. In drift mode, the signals from each of
the seven (or sometimes four) receiving antennas are Fourier transformed
individually and digital beam forming is done for each Doppler component, thus
separating the signals in the Doppler domain. Since in general, each reflected wave
has a different Doppler shift due to the horizontal component of the ionospheric
drift, echoes arriving in the same range bin are separated and identified. Then from
the distribution of the Doppler sources the bulk velocity of the ionospheric plasma
is derived [Reinisch et al. ,1987; Cannon et al., 1991). This line-of-sight HF Doppler
technique measures the velocity of icnospheric irregularities, which we assume to
be equal to the plasma bulk velocity.

Combining data from the two modes in the analysis it is possible to identify troughs
from the variations of the critical frequency foF2 and the peak height imF2 of the F-
layer, and to explain the trough formation with the help of the measured drift
velocities. The ability of supplying ionospheric profiles as well as velocities makes
the Digisonde a powerful tool in the the investigation of ionospheric phenomena.




To detect the presence of the main trough at a particular station we analyzed the
data in the following way: For the three most magnetically quiet davs (lowest ZKp )
of each month the foF2 and hmF2 values were averaged to establish the "normal”
diurnal behavior at each station. The comparison of the diurnal variation of each
day with the quiet day average easily identifies the troughs. As an example, Figure 1
displays the diurnal variation of foF2, hmF2, and the horizontal and vertical
velocity components observed at Millstone Hill on 25 January 1990. Universal time
(UT = LT + 5h) is displayed on the horizontal axis at the bottom of the plot. The
velocity plots use corrected geomagnetic coordinates. The vertical drift component
Vz, shown on the top of the figure, varies from +50 to -50 m/s. The error bars
represent one standard deviation away from the mean, determined for a
measurement ensemble of approximately 100 samples. The second plot, labelled
Vh, displays the horizontal velocity component as a vector which always begins on
the central line. The directions are given on the right side by the N(orth), S(outh),
E(ast) and W(est) characters. The magnitude of the vectors is specified by the 300
m/s scaling vector given on the left side of the figure.

The third panel displays the monthly quiet day average (labelled 'Q’) and the
current foF2 values in MHz. The quiet day average begins at = 8 MHz at 00 UT
while the January 25 curve begins at = 6 MHz. The two curves are similar between
12 and 16 UT (07 to 11 LT), but after 16 UT the quiet day average is usually lower
until 24 UT. A similar plot is shown for hmF2 at the bottom of Figure 1. The quiet
day average begins around 210 km at 00 UT reaching a peak value of = 250 km at
around 06 UT, and after 12 UT levels off around 200 - 220 km. The daily variation in
the peak height hmF2 for 25 January, however has a value of 300 km at 00 UT
reaching a peak value of 380 km at = 03 UT, and then it falls to a value of 210 km at
08 UT. The rise and fall of the peak of the layer tends to follow the change in
vertical velocities observed at these times. The characteristic signature of a trough
onset is clearly seen in Figure 1 as a decrease to low values of foF2, and an increase
to high values of hmF2. The horizontal velocities show large westward drifts
around 03 UT when the trough is observed.
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Defining the three quiet days average as the normal diurnal variation of the
ionosphere appears to be a good standard to take. For example, Figure 2 displavs the
average quiet day variations of foF2 and hmF2 for the months of January, February,
and March 1990 for the three stations Millstone Hill, Argentia and Goose Bav. In
spite of the latitude and longitude separation of the stations the normal diurnal
variations of foF2 and to some extent hmF2 are very similar, at least in Januarv and
February. For the month of March, however, the diurnal variations in foF2 and
hmF2 for Goose Bay vary significantly from those observed at Argentia and
Millstone Hill. In March 1990 the overall average LKp was = 32+, while for January
and February the average XKp was = 23+. Clearly the trough had 2ached Goose Bay
in March even during the three most quiet days, lower..ig foF2 during the day and
producing low foF2 and high hmF2 values at night.

3.0 SYSTEMATIC TROUGH DETECTION

To investigate the occurrences of troughs at each station for each month, it is
convenient to represent the differences between daily and normal variations in
foF2 and hmF2 in terms of ratios. A “"trough detection ratio” was defined which
quickly allowed troughs to be identified in a large data set. This ratio may be defined
as:
Phf = phmF2 / pfoF2

where:

phmF2 = (hmF2 observed) / (3-quiet day average of hmF2)

pfoF2 = (foF2 observed) / (3-quiet day average of foF2)

From Figure 1 generally pfoF2 is smaller than 1 and phmF? is greater than 1, which
implies that Phf is much larger than 1 when a trough is present. Applying this
technique to a monthly data base conveniently reveals the occurrence of a trough.
As an illustration Figures 3, 4 and 5 display contour plots of Phf for the three
stations in March. The Millstone Hill data (Figure 3) clearly indicate troughs on
days 071 to 073 starting around 22 UT. An even more "pronounced” trough is
observed on day 080 starting around 01 UT, resulting from an 82% reduction in
electron density and a doubling in the peak height of the layer as compared to these
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on quiet days. For day 080, the ZKp was the highest for the month with a value of
46. After this day, troughs are consistently observed right up until day 089, where
the last trough for this sequence of days is observed to begin at 04 UT.

Similarly contour plots for Argentia and Goose Bay are shown in Figures 4 and 5.
The Argentia plots in Figure 4 are somewhat handicapped by lack of data for days 71,
72, 81 and 85. Troughs identified on days 073, 080, 086 to 089 display similar
behavior to those observed at Millstone Hill, and the most extensive trough is again
observed around day 080. The Goose Bay contours for Phf (Figure 5a) are
considerably different from the Millstone Hill and Argentia contours. Apart from
the trough observed on day 060 at around 23 and 01 UT, no other large troughs are
detected during this month. The detection of troughs at Goose Bay is not good using
the Phf method described above, since the first assumption made is that the average
of the three most magnetically quiet days is taken as the normal diurnal variation in
the ionospheric characteristics of this station. Yet as was observed in Figure 2, for
March, the effects of the trough were already incorporated in the normal daily
variations, since for the quiet days considered the Kp is on average 11 and the
trough is located over Goose Bay. To illustrate the extent of the troughs located over
Goose Bay Phf was recalculated using the quiet day average recorded at Millstone
Hill for March and the results are given in Figure 5b. From this figure it is clear that
troughs are present over Goose Bay, however these troughs are not as pronounced
as those detected at Millstone Hill and Argentia, and their times of occurrence are
also different.

These contour plots were made for all six months and troughs identified. All in all,
during the six month period from January to June 1990, 41 trough occurrences were
identified at Millstone Hill, 44 at Argentia, and 55 at Goose Bay. Collecting the days
where a trough was observed, it was possible to map the diurnal variation of the Phf
ratio with respect to ZKp. For this analysis we assigned the values 0, 1, 2, 3 etc. to Kp
=0, 0+, 1-, 1, etc. and defined the sum SKp, so that SKp = BEKp.

1




In Figure 6, Pnf is plotted against SKp for all days when the trough was detected at
Millstone Hill. It is immediately apparent that a lower limit exists in SKp below
which troughs are not detected at Millstone Hill; this lower limit is SKp = 76, or an
average of Kp = 3 in 3 hourly magnetic indices. For SKp = 76, troughs are first
observed at 04 UT. As SKp increases the first detection of the trough is earlier, e.g. at
SKp = 112 the trough is detected as early as 22 UT. Thus for a one unit increase in
SKp the trough's occurrence is advanced by 10 minutes. The time variation itself is
indicative of the trough moving to lower latitudes as Kp increases and being
detected earlier at a particular station.

The analysis of 44 trough days at Argentia (Figure 7) shows a lower limit of SKp = 41
(or on average = 1) for trough occurrence at Argentia. Again with increasing SKP,
trough occurrence at Argentia advances in time. For SKp = 45 a trough is detected at
02 UT, for SKp = 111 a trough is detected at 20 UT. Roughly, for each unit increase in
SKp, the first trough occurs 5 minutes earlier. Again no movement to earlier times
is observed when SKp increases beyond 126. The largest Phf values are observed for
SKp between 131 to 141. The extent of trough formation can also be observed from
the troughs detected for SKp = 126. Both in Figures 6 and 7, troughs are evident well
before 22 UT, usually still during daylight hours. While there is some significance
placed on a value of SKp = 126, since in both Figures 6 and 7 it marks the stop of
trough detection to earlier times, the troughs displayed in Figures 6 and 7 for this
SKp value are all observed on the same day, i.e. 101 1990 (11 April 1990) and indicate
that a large daytime trough existed which covered at least 5° of latitude and 18° of
longitude.

Figure 8 displays Phf plotted with respect to SKp for 55 days when troughs were
detected at Goose Bay. For SKp = 21 (on average 0%) troughs are detected at Goose
Bay which indicates that on most occasions Goose Bay is located close to the main
trough. The most pronounced troughs, displaying ratios as high as 3.2, occur at SKp
=73 and 100 at = 22 UT. Unlike the lower latitude stations there is an upper limit to
when troughs are no longer detected at Goose Bay, this being at SKp = 137. For
values greater than this, the trough is always located equatorward of the station and
Goose Bay observes ionospheric structure and convection patterns typical of an
auroral or polar cap station.

12
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4.0 DRIFT VELOCITIES IN THE DUSK SECTOR

The two most promising theories used to explain the formation of the nocturnal
trough are the so called stagnation and enhanced recombination theories. While
both mechanisms are likely to be involved in the formation and maintenance of the
main trough we have limited this investigation to the trough formation in the dusk
sector where the stagnation theory has been shown through detailed calculations to
work well [Sojka et al., 1981a, b]. Hence a discussion on the mechanism of the
enhanced recombination theory will not be presented in this report.

The stagnation theory, first proposed by Knudsen [1974], takes into account the
competing effects of the earth’s rotation and the electric field induced convection
[Knudsen et al., 1977; Spiro et al., 1978]. The theory states that flux tubes containing
F-region plasma are convected from day to night across the polar cap with speeds
typically in the order of 0.5-1.0 km/s. The motion is anti-sunward and upon
reaching the nightside, the flux tubes containing the F-region plasma return to the
dayside by drifting through the dawn and dusk sectors at lower latitudes. This so
called two cell plasma flow and the effect of the earth's rotation results in the
formation of a trough.

As an example Figure 9a shows the two cell convection pattern and the
formation of a stagnation region by introducing co-rotation (Figure 9b) as calculated
by Spiro et al. [1978]. Those flux tubes returning via the dusk sector must drift faster
than the rotation of the earth in order to reenter the dayside. The opposing motion
of westward drift and eastward rotation creates a stagnation region where the
plasma confined in this region begins to decay via normal recombination processes
within these flux tubes. The increased time in which electron density is depleted
forms the trough at around 2200 CGLT (Figure 9b). Therefore one expects large
westward velocities in this stagnation region in order for a trough to form, and this
is typically what the Digisonde observations show.
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Figure 9.

High latitude two cell convection pattern. (a) Represents the non
rotating frame of reference while (b) corotation has been added. The
flow stagnation point is located around 22 CGLT. Reproduced from
Spiro et. al., [1978].
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As an example we show the data in polar plots for day 047 1990 at Millstone Hill. On
this day the main trough is first detected at approximately 19 CGLT, as indicated by
the characteristic drop in foF2 (Figure 10a) and an increase in hmF2 (Figure 10b).
The horizontal velocity component Vh (Figure 10c) dramatically increases in
magnitude during this time pointing in a SW direction opposing the rotation of the
earth; Vh reaches a maximum value of =550 m/s. (a reference scale of 340 m/s is
given on the right of the plot). A second height rise observed at = 01 CGLT is
associated with large Vh vectors of = 340 m/s. Thereafter the horizontal speed
decreases to = 115 m/s. After 06 CGLT (around F-region sunrise) the vertical
velocities (Figure 10d) are consistently negative while the horizontal velocity
component flips to a SE direction. This eastward flow is maintained until 15 CGLT
when the Vh vector again flips to the westward direction. The change from
westward to eastward convection at dawn is consistently observed at Millstone Hill
for quiet times, as long as the main trough remains poleward of the station.
However for higher SKp values (usually > 120) the flip over of the Vh vector from
westerly to easterly drifts occurs earlier and the general drift pattern compares well
with that of Figure 9a. Two good examples of this behavior are shown in Figure 11.

Figures 11a and b dicplay the horizontal velocity vectors recorded at Millstone Hill
over the two days 103 and 104 1990 respectively. Prior to these days a SKp of 150 was
recorded. In Figure 11a (for day 103) the horizontal velocity vector Vh is displaved
and the scale set to 200 m/s. At approximately 03 CGLT the vector flips from SW to
the SE direction. At 09 CGLT the vector constantly points towards the NE until 14
CGLT when it flips back to NW then SW. The drift vectors outline a two cell
convection pattern with a dayside cusp at 14 CGLT and nightside discontinuity at 02
CGLT similar to the convection pattern shown in Figure 9a for a non-rotating frame
of reference. Similarly, Figure 11b shows the same behavior for day 104 where the
dayside cusp is at 15 CGLT and the nightside discontinuity at 02 CGLT. All vectors
follow a two cell convection pattern.

18




-

1® paAlasqo

‘0661 L¥0 Aep uo {[1}] 2UOIS[IIN

‘ZA (P) PUB YA (2) ‘2dWwy (qQ) ‘240) (1) 103 siojd 1ejog

01 2131y

veel Lvu

st 0§
"

Poai LRSS P At 4

e

o~

‘bep D& ©3 OF

—

IS

/ , h/

~

/AN

2 >
< 7

L.Cr\-r\.\ \/

aesl (vo

el Al

s ope

P00 soBRe A RTTO B

bep § = c2ug "3IV]

rbwp 06 031 OF

16700 0938 - meegn L7300 I IHIL Wiw s Wl ~ et L7360 1 3ilL [4)
TR HOLIVLS ‘d'Y'2°1'N 213eubrwoan D 81® T:S v NOUYIS ‘YD N 213wUbVWOLY " D
-] -1 - “ba bep § - oy D | "B Y
0061 LVO we s I3 “p 06 o3 Ov 0661 LV0 1 0o “P 06 ©31 0¥
N
[ A\ /
0-08€ N - 0-01 ' \
0-09€ } o6 B -
[[RU2% BN 08 H
L Ll o2 4 =
0UZE E ’, -.lu-o = N =
CCCm < ~ ) 09 E
0092 V. N 0¢ B
0 vyl : 4 N o-p
g uv ~ 4 N N o€ -
0022 : N L
LETYe . 1 o1
90 ~— | w _ -
(AM) Ut 2 Juny : n' LI I | [ T T I ; [ 81 (ZHW) W 2 40j 80 ~ 1 1
s W s } s/
| - \ . e , \ _ —
e et \ N\ / \,. Peuoy soadope o
\ N 7
~ s 7
- A Ed ~
NN R
N ~ " ,
. - /
, . v -
./ , ” \
"l cvsa N eswgm LI30D NI aury wIm Y M "~y 1700 Nl 3IHIL Tt
el vy soUvis LA ST 01§ 213subeuwaeg D eiw omol ivy nou v BTN Stysubowces > eiv

19




Cdts. are C.Geomagnetic U.L.C.A.R.
TIME IN CGLT

STATION LAT LONGC

MSnaore HE SS4J 001 .

Horuzont s veiocmes Fioned

L—_ _ ]
200 m/s

!

Range 40 to 90 deg.

Inc. =

S deg.

0

Range 40 to 90 deg. Lat. Inc. = 5 deg. 103 199

Cdts. are C.Geomagnetic U.L.C.A.R. STATION LAT LONG
TIME IN CGLT MBerone HE £567 00191

Horu.om sl veloomes Plomned

-
200 mys

]

Cean i

——-

| {1]. il

104 1990

Figure 11.

Polar plot of horizontal velocity vectors observed at Millstone Hill on

days (a) 103 and (b) 104, 1990.

20




The effects of a large westward drift on the formation of troughs can also be seen at
the other stations. Figure 12 shows a trough observed at Argentia on day 38 1990.
The horizontal drift velocity Vh (Figure 12¢) begins to increase at around 16 CGLT
reaching a maximum value of 450 m/s at 20 CGLT. In comparison foF2 reaches its
lowest value at = 20 CGLT where the peak height of the layer is at 280 km. After
this time the velocities decrease and the peak of the layer hmF2 falls back to 200-220
km while foF2 increases to 7.0 MHz. During 18-20 CGLT the vertical velocity was
negative. The observed downward motion explains why the layer peak in the
trough did not reach greater heights than 280 km, as is usually observed.

Figure 13 shows a trough observed at Goose Bay on day 138, 1990. Again the largest
velocity vectors for Vh at values of =514 m/s are observed from 16 to 20 CGLT. The
laver peak height hmF2 reaches values above 360 km between 18 to 20 CGLT and
during this time foF2 falls from 6 to 4 MHz. The horizontal velocity drift (Figure
13c) vectors outline again a two cell convection pattern much as was observed in
Figure 11. In this case the dayside cusp is located at =~ 14 CGLT and the nightside
discontinuity is at =01 CGLT. The magnitude of the westward drift in the dusk
sector need not always be as large or greater than the rotation velocity of the earth as
long as it is large enough to slow the motion of plasma into the nightside and
lengthen the time over which normal recombination processes deplete the
ionization. Taking into account all the trough cases recorded, plots of the average
drift velocities are produced.

Figure 14 shows the drifts parameters calculated from 41 days in which troughs
where detected at Millstone Hill. The magnitudes of the horizontal and vertical
velocities were sampled for each day and the mean of the distributions plotted with
respect to CGLT. For the azimuth angles the medians were used since the mean
may not properly handle the 0-360° transition. The results in Figure 14 show the
points plotted and a 10 point polynomial line of best fit used. In Figure 14a it is clear
that the azimuth of the horizontal velocity component shifts from west at 00 CGLT
to south at =06 CGLT, to eat at 12 CGLT, to south at 18 CGLT, and back to west at 23
CGLT.
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Figure 14.  Statistical analysis of Az, Vh and Vz measured over 41 days when
troughs were detected at Millstone Hill during January - June, 1990,
(a) median of Az, (b) mean of | Vh| and (¢) mean of 1Vz!.
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Figure 14b displays the magnitude of the horizontal component Vh. The marked
drop at 06 CGLT to = 65 m/s in the horizontal velocity corresponds to F-region
sunrise, when the velocity vector is changing its azimuth angle from a SW to SE
direction. The magnitude then increases and reaches a maximum of =140 m/s at
around 21 CGLT, which is not surprising in light of the discussions on trough
formation in the dusk sector, where we expect the velocity magnitudes to be large
depending upon the value of ZKp. Note that the data base considered was limited
to 41 days when troughs were detected. As we have shown in Figures 6 and 7, the
first occurrence of trough changes with ZKp, which is a result of the expansion or
contraction of the two cell convection pattern. Hence the mean of the velocity
vector represents the overall average, which means that depending on trough
position the station may not always be located under the stagnation point but may
cross the trough boundaries at later or earlier times. As a result the mean
magnitude of the horizontal component is nowhere as dramatic as observed in the
individual cases shown in Figures 11, 13 and 14. The mean vertical drift component
has a sharp drop to = -15 m/s around 05 CGLT, after which it decreases to zero at
around 15 CGLT. The vertical velocity is positive reaching a peak value of 4 m/s at
18 CGLT and then falls through zero to negative velocities.

Figure 15 shows the statistical drift parameters calculated from 44 days in which
troughs were detected at Argentia, while Figure 16 shows results calculated from 55
days in which troughs were detected at Goose Bay. In comparing Figures 14, 15 and
16, it is clear that the largest mean horizontal velocity occurs around 21 CGLT when
drift is ih a SW direction. The statistical results presented here indicate that the
magnitude and orientation of the horizontal velocities at around 21 CGLT are
consistent with the requirements for the formation of a stagnation region. It is
interesting also to note that a gradient in the vertical velocities exists as latitude
increases. For example, Millstone Hill displays general negative vertical velocities,
while Argentia displays velocities around zero and Goose Bay has vertical velocities
that are generally positive. Note that the statistical variation in Az, Vh, Vz
presented in this report reflect the average of convection patterns which exist when
troughs are present and by no means should be inferred to the general behavior of
the ionosphere over each station during geomagnetically quiet times.

25




Figure 15.
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5.0 CONCLUSION

The characteristics of the main trough observed at Goose Bay, Argentia and
Millstone Hill for the period from January-june 1990 were investigated. The results
indicate:

1. The three (magnetic quiet) day average used in the analysis is a good
standard to take in describing the normal diurnal variation at a station.
Comparisons between foF2 and hmF2 diurnal variations observed at the three
stations indicate that as long as the overall ZKp for the month is low, the behavior
of the ionosphere at each station is very similar.

2. As SKp increases, the first detection of a trough at Millstone Hill and
Argentia is recorded earlier in the night. Generally for a one unit increase in SKp
the trough is detected 10 minutes earlier at Millstone Hill and 5 minutes earlier at
Argentia. A trough can be detected at Millstone Hill generally when SKp >76,
usually after 04 CGLT, at Argentia when SKp > 45 after 02 CGLT, and at Goose Bay
when SKp > 21.

3. The Digisonde observations clearly show large westward drifts in the
troughs. The orientation and magnitude of the horizontal component of drift
opposes the eastward rotation of the earth as expected from a stagnation point
theory. For higher ZKp when the trough is located equatorward of the stations the
measured drifts outline a two cell convection pattern. The dominant mechanism
for the trough formation seems to be the interaction of the magnetospherically
driven polar convection pattern in the dusk sector and the eastward co-rotation, i.e.
stagnation mechanism modeled by Spiro et al. [1978]. Statistical analysis of all the
days in which troughs were detected also indicate that the largest velocity
magnitudes are recorded around 22 CGLT when the horizontal velocity drift
component is oriented to the west.
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