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Introduction

During the recent prolonged period of very low solar activity, the absence of reliable worldwide F2 propagation
on six meters has been offset somewhat by the recognition, if not the emergence, of what appears to be two,
perhaps related, forms of E propagation.

SSSP: An East-West Effect

The first of these is an east-west phenomenon that occurs in the local summers of the northern and southern
hemispheres. It is characterized by path ranges of 8,500-11,000 km that are accompanied by an apparently
reliable time-of-day pattern, in which the west-end station is within its Local Solar Time (LST) morning E; peak
(roughly 0630-1230) and the east-end station is in its LST afternoon-evening Eg peak (roughly 1600-2200), as
shown in Figure 1. In the northern hemisphere, EU-JA, JA-NA, and NA-EU paths are all well demonstrated. In
the southern hemisphere, the only paths seen so far have been VK/ZL (and environs) with the SA west coast.

Various hints of this sort of thing, recently dubbed Short-path Summer Solstice Propagation (SSSP), have been
reported at different points in time since the late 1970s. However, the number and breadth of the occurrences
seem to have significantly increased since about the year 2000 (Higasa 2006, 2008). An interesting debate has
emerged as to whether or not SSSP is an “ordinary” multihop E; effect (nE;), or some sort of more subtle Eg-
related process (see Kennedy 2010 and references therein). A companion paper, elsewhere in these Proceedings,
(Kennedy and Zimmerman 2011a) provides very recent data and discusses SSSP in much greater depth.

This Study: North-South Across-The-Equator Effect

Though anecdotal reports have been around for a long time, in 2009, 2010, Table 1
and 2011 another form of propagation has shown up more broadly that is Ground Footprints for
even more surprising. This very weak signal mode always crosses the Successive nEg Hops
equator and has path ranges from 10,500 km to beyond 15,000 km. One end Hop Min (km) Max (km)
of the path is in the southern hemisphere during its local summey and the
other end lands in the northern hemisphere during its local winter. There are L 1,700 2,200
large north-south and large east-west distances between the two end-point 2 3,400 4,400
stations. If this is the result of “ordinary” nE; multihop, then Table 1 shows 3 5,100 6,600
that this would require an unprecedented six or seven hops.

4 6,800 8,800
Curiously, the only documented paths are between ZL/VK (and environs), 5 8,500 11,000
and NA. It is tempting to speculate that this second phenomenon might
somehow be related to SSSP. For example, they do involve a station on one 6 10,200 13,200
end during its summer major E season, and a second station during its 7 11,900 15,400

winter minor Eg season. However, as will be seen, there may also be
something else involved. What follows is a discussion based on recent observations and some comparisons with a
data-driven ionospheric model. But first, here is a quick look at the general characteristics of both the E and F
ionospheric layers.

Es Overview

The E layer lies roughly between 90 and 130 km, though its boundaries are rather fuzzy. There are E-layer effects
that sometimes occur outside that “defined” range. For example, E; is occasionally observed as high as 150 km.

There are two main sources of E-layer ionization, the Sun’s soft X-rays and ultraviolet radiation during the
daytime, and vaporizing meteors at all times. Since the Sun is the larger contributor, there is a big puddle of E-
layer ionization that follows the Sun around the Earth, with the ionization maximum being very near the moment-



to-moment subsolar point on the Earth. It appears that the Temperate Zone summertime and wintertime peaks in
E; are related to observed large and small peaks in the influx of random meteors (Haldoupis, et al. 2007).

The normal background amount of E-layer ionization is much lower than that required to skip 50 MHz signals.
Even in the middle of a good day, the Maximum Usable Frequency (MUF) is rarely above 22 MHz. Six-meter
propagation requires the assistance of additional processes to produce “sporadic” E ionization that reaches much
higher levels. That is, E; results from a combination of events, all of which must be in place at the same time.

There are wind patterns in the E region, and like
most other winds, they generally flow more or
less parallel to the Earth’s surface. Some flow
roughly along east-west or west-east lines and
others along north-south or south-north lines.
When the wind speed changes with height,
blowing faster at one level than another, or in
opposite directions, there is a wind shear at the
boundary between these two wind streams.
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Figure 1: This is a stylized view of the typical diurnal behavior
of mid-latitude E,. It shows that there are often two time blocks
This process can result in the formation of thin E; | where the probability of activity peaks, a morning one and a
clouds with electron densities ten to a hundred | double late afternoon and evening peak period.

times more than that of the same space beforethe
wind-shear compression. As a result, these clouds end up with a much higher MUF than the “background” E-layer
ionization.

The well-known diurnal pattern of E; (Figure 1) seems to be the result of a family of atmospheric tidesthat are
also the result of the Sun. In this case, the Sun shining on the Earth below, heats up the lower atmosphere and
causes the entire atmosphere at that point to expand, well up into the E and F layers. The principal modes of these
tides have periods of 24, 12, and 8 hours respectively (Haldoupis, et al. 2004). These overlapping tides produce
vertical drafts to flow first up and then down in the E region, at times inhibiting the compression process and at
other times Nnot inhibiting. The net effect is that, when the compression process is trying to work, there is a
regular daily variation in the likelihood of E clouds forming and thus of propagation happening through the day.

The interested reader is invited to look at the rather more detailed description of Eg in the companion paper
(Kennedy and Zimmerman 201 1a).

F2 Overview

The F2 region lies from about 250 to over 1,000 km. It is normally ionized by solar extreme ultraviolet radiation
(EUV). The particle density at these levels is very small indeed. As a result, the ion lifetimes are fairly long. The
F2 layer can remain ionized long after sundown, and there is evidence that ions can actually move along the
Earth’s magnetic field lines from the dayside to the nightside.

Winter Anomaly

Curiously, although the F2 layer is more directly irradiated by the Sun during the local summer, the
electrochemistry of the region is such that free-electron losses (through recombination) are much greater in the



local summer months. As a result, the total ionization level (new ions created, minus existing ions lost, per unit
time) is actually much higher in the winter months.

Equatorial Anomaly

The winter anomaly is not the only seasonal effect. Within about +20° of the Earth's magnetic equator, there is a
large outward bulge in the F layer along the Earth’s MagneticEquator, known as the equatorial anomalyThis
bulge follows the Sun around the Earth, but lags a few hours behind it. This bulge is actually a persistent
afternoon thickening of the F layer near the equator.

The bulge results from equatorial E-layer ionospheric winds leading to an afternoon build up of west-to-cast
electric fields, called the equatorialelectrojet In combination with the Earth's magnetic field, these fields pump
electrons upward from the E and lower F layers into the F2 layer above. This afternoon fountaireffect can
significantly enhance the F2 layer electron density.

In principle, this leads to two ionization peaks in the F2 layer bulge (not one). One of these peaks is 10° to 20°
north of the magnetic equator and the other about the same distance southof the magnetic equator. Being a part
of the bulge, the two peaks typically also follow the Sun. Thus, any resulting propagation is generally an
afternoon or early evening phenomenon.

Around the two equinoxes, both peak areas are more or less uniformly illuminated by solar radiation and they
reach their maximum values. During this time, the two strong peaks can produce Trans-Equatorial Propagation
(TEP). However near the solstices, the winter anomalytends to support the winter-side peak and strongly
diminish the summer-side peak. Instead of two fairly strong peaks, often there is only one strongpeak, in the
winter hemisphere (and on the afternoon side). The summer-side peak is often very weak and usually ineffective.

N., M Factor, and the MUF

It has already been proposed that chordal mechanisms in the E layer play a role in SSSP, and it is certainly
possible that SSSP plays a roll in these long north-south paths. It might be possible that F2 chordal processes may
play a role as well. So, it’s appropriate to take a look at the interplay between N, the M factor, and the MUF, in
evaluating possible path combinations.

If one knows the value of N, one can calculate the so-called critical frequencyf, — the MUF for a signal beamed
straight up. However, usually it is the other way around. One measures f, with an ionosonde, and then N, is
found by manipulating the equation':
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f, = ﬁ% =,/N,x (9x10®), in MHz, for N,in electrons/n’
m
0

The MUF also depends on the angle between the upcoming signal ray path and the ionosphere — the smaller the
angle, the higher the MUF. With N, and the signal-path angle with the ionospheric layer, the MUF is given by:

MUF = M+/N_x (9x10®), in MHz, for N.in electrons/n*

M (the M Factor) is cosec (/ ), where ! is the angle between the signal path and the plane of the bottom of the
layer. What is significant is that, by making the angle smaller, one can raise the MUF withoutchangingthe free-
electron density. As a result, chordal effects caused by tilted or curved reflecting layers can lead to higher MUFs

and lower path losses. This is one, but not the only, factor in F-layer TEP and possibly some instances of two-
meter Eg (Kennedy 2000 and 2003).

I

' The constant e s electric charge of the electron, “j is the permitivity of free space, and mis the mass of the electron, and Ng
is expressed as electrons/m®. If N, is expressed in electrons/cm’, then the constant, (9x10°®) becomes (9x107).



Transequatorial Who Knows What...

Returning to the main subject of this discussion, there were several flurries of the more mysterious southern-
summer with northern-winter contacts across the equator between ZL/VK and NA in December 2010, and
January and February 2011. Together with the contacts made in the 2009-2010 season, there are now enough of
these weak-signal data points to begin to stitch together some ideas.

There were 40 “contact” or “heard” database reports, 24 are for ZL-NA, and 16 for VK-NA. There are also three
KH6 reports and one E51 report. Figure 2 shows the path ranges and the call districts involved. The left-hand
side shows that the path component§V5-KH6, and KH6-ZL/VK) were separately visible at times.

What’s Going On In The lonosphere?

A number of concepts have been advanced to explain this kind of propagation. Some have suggested
Transequatorial Propagation (TEP), but this seems very unlikely for two related reasons:

¥ TEP is vitally dependent on roughly equal solar and strong ionization of both the north and south
branches of the equatorial anomaly; this only happens near the equinoxes, notthe solstices;

¥ TEP is an F-layer effect; with the winter anomaly, it will not work in the southern hemisphere summer

It has been suggested that, perhaps, it is a rare linking of the major E; summer peak in the southern hemisphere
with the minor E; peak in the northern hemisphere winter to provide a kind of extraordinary nE or chordal Ej,
“super SSSP” link. Another suggestion is that it could be a linking of southern summer E; to equatorial E; to
northern winter E;. These last two suggestions could work on paper. However, both would require Six or seven
hops. This seems unlikely. But, whatever actually causes the propagation, it is realand it is, in fact, unlikely.

The next step was to take a look at what the ionosphere was doing during the time these contacts were occurring.
This is a bit of a challenge because the main route of travel is across the vast open spaces of the north and south
Pacific Ocean, where there are very few ionosondes. However, there are several rather sophisticated computer
models that can help fill the gaps.
Broadly, these programs work by

using known physics to calculate ZL-VK with NA
how the ionosphere responds to its Dec 2009-Apr 2011
environment. Then, streams of 10 ZL-WS/6/7
real-world data are plugged into o

the model and it produces a 8

simulation of how the ionosphere 7

would behave in response to those
values, as a function of time.
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Earth’s various magnetic indices,
solar X-ray and EUV fluxes, the
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many points, etc. While not as Figure 2 Almost all of these across-the-equator contacts are equal to, and many
good as direct measurements of | exceed, the ranges seen in the more common east-west SSSP. The challenge is
the actual desired parameters (in | to understand what was happening that enabled these events. Note on the left
this case, N,), it is the next best | that the W-KH6 and KH6-ZL/VK links showed up in isolation at times.

thing available.
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The Global Assimilation of Ionospheric
Measurements model (USU-GAIM)
was used for this study. It was devel-
oped at Utah State University (Schunk
2004). The ionospheric model was run
for the entire day of each of the contact
dates in the database, producing a snap-
shot of the global ionosphere in three
dimensions from 92 km to over 1,000
km for every fifteen-minute period
throughout the day. These models were
run at the Community Coordinated
Modeling Center hosted at NASA’s
Goddard Space Flight Center.

Figure 3 shows a contour-map example
of the F2 (Upper) and E (Lower) layers
on the date of the 2010 Vernal Equinox.
The Sun is directly above the equator
and illuminating both the northern and
southern hemispheres equally. This is
especially evident in the symmetrical,
nearly circular, shape of the E-layer
ionization. The northern and southern
branches of the F2 equatorial anomaly
are clearly visible. However, despite
the equal solar illumination, over the
Pacific, the southern F2 branch is
smaller and weaker than the northern
branch. This asymmetryin the F-layer
solar response, as opposed to the E
layer’s very symmetricalresponse, will
play an important role in the discussion
that follows.

Reality Meets Theory

The challenge now is to take what happenand see how that might fit into what we think
we know about the ionosphere and the underlying physics. Let’s start by looking at just
two examples of the dozens of documented cases of this extremely long across-the-

equator 50 MHz propagation.
February 20, 2010

On February 20, 2010, K6QXY worked ZL3NW at 0108 UTC. Tens of minutes later,
he also worked ZL2DX at 0154. So, how did all that happen?

Figure 4 shows the modeled ionosphere for that day at 0115 UTC (the nearest model
time point). It shows that the northern F-layer branch clearly dominates the southern
The winter anomaly is doing its job, or perhaps it’s better to say, the southern
branch is being diminished by the summertime electron losses. The F2 northern branch
peak N, is 2.73 x 10%cm’, for an MUF of just over 50 MHz. The model shows that just
a little to the east, at the great-circle skip point, the N is 2.6 X 10%cm’, corresponding to

one.

a ground-level’ MUF of 49 MHz.
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Figure 3 USU-GAIM N, for 0000 UTC 03/20/10 (Vernal Equinox).
Upper : The F layer at 275 km; equatorial anomaly north and south strands
straddle the geomagnetic equator. The north is stronger than the south.
Lower: The E layer at 105 km. Note the basically symmetrical shape on
the ionization around the subsolar point on the geographic equator.

TABLE 2
Known Stations
January 11,
2011 Open ing
South North
End End
K6FV/b
VK2KPP K6QXY
VK3DUT N5JEH
VK30T W5RWT
VK3ZAZ AATA
VK4DDC N7CW
VK4MA W7GNE
VK4WM W7RCS
VKINA WA7JTM
ZL1RS K9HMB
ZL2TPY KCOCF
WOOGH
XE2D

% That is, the MUF with an M factor corresponding the angle of a signal launched from the surface of the Earth to the layer.



Whether, skipping from the peak point or this second, slightly smaller peak, this suggests that marginal skip
conditions would exist, even for a non-chordal hop. And marginal conditions are what were observed. On the
other hand, TEP wouldn’t work because the ionization of the southern branch of the anomaly is too weak at the

required skip point.

This 2010 episode is typical of what has
been seen for at least the last three
years. Generally, what are observed
have been contacts between ZL, and
occasionally VK, and the western US,
most often in costal areas with a good
view of the horizon looking to the
southwest.

But, the granddaddy of them all (so far)
occurred on January 11, 2011.

January 11, 2011

At 0037 UTC, VK3DUT reported
hearing the K6FV beacon in the Bay
Area. For the next hour or so, 19
worked or heard events were recorded,
followed by a couple of stragglers in the
two hours following that. Remarkably,
14 of the total of 21 (so far identified®)
were between VK and NA. The
remaining seven were between ZL and
NA. In the south, VK2, 3, 4, and 9, and
ZL1 and 2 were worked. In the north, it
was W35, 6, 7,9, and @, and XE2. Table
2 shows the south and north participants
found in the database.

Figure 5 shows that the F-layer and E-
layer configurations were essentially the
same as during the February 20, 2010
event. This dual E and F pattern is
commonly seen in all the events of this
sort studied.

Another Possibility
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Figure 4: USU-GAIM N, for 0115 UTC 02/20/10. Upper: F layer at 275
km. The MUF is at least 49 MHz. The northern branch MUF is much
higher than the south. Lower: E layer at 105 km. The east-west bulge
between ZL and VK favors east-west Eg; the north-south bulge toward the
Equator favors E in the north-south direction.

In an earlier section, a few processes were suggested as possible candidates to explain these recurring phenomena.
All seemed problematic in one way or another. Yet, it is clear that whatever is happening, and it is a statistically
improbable event.

There is another possibility. But to see that more clearly, first let’s consider the previous review of E,. It was said
that normally E-layer ionization is pretty low, and more or less follows the Sun around the Earth, with the help of
the meteors. This modest level of ionization, spread over a large vertical distance, is a reservoir of free electrons

3 No doubt there were other propagation observations that the authors did not encounter in their searches.



Of course, there will be no VHF propagation, unlessconditions are right for the wind-shear process to come into
play, and produce sufficient vertical ion compression to develop the necessary thin, high-density, sporadic-E

ionization sheets.

However, the computer model is only
calculating the ionization level of the E-
layer reservoir It does not predict
when or where, within the reservoir, Ej
will occur. Thus, the E-layer diagrams
in Figures 4 and 5 do not show the E;
locations, but they do show a quite
adequate reservoir (an MUF of about 18
MHz) for wind shears to compress and
build into E..

The next thing to note is that, in both
Figures 4 and 5, the E-layer reservoirs
are shaped roughly like inverted .
The eastwest part of the T shows a
good reservoir extending from east of
ZL westward to the eastern half of VK.
This is the normal summer-day starting
point for E; between ZL and eastern
VK. As the Sun moves further west
later in the day, there will be E;
extending to western VK.

The north-southbranch of the inverted
T is really quite extensive, reaching well
north of the Equator. Since there is a
reservoir, it’s quite reasonable to think
that E; will happen there at some point,
and due to the geometry, it might favor
a generally north-south direction.
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Figure 5 USU-GAIM N for 0015 UTC 01/11/11. Upper: F layer at 275
km. The MUF is 50 MHz Lower: E layer at 105 km. These plots show
the strong northern F2 branch positioned to feed into the north end of the
southern E-layer reservoir, apparently enabling ZL/VK—NA propagation.

At the north end of the reservoir things get
a little tricky. Getting quite close to the
magnetic equator (+£10°), E; takes on a
somewhat different character than the
temperate zone variety. The influence of
the equatorial electrojet is thought to be the
dominant factor (Whitehead 1991a). This
E; is normally a daytime effect, without an
evening peak. However, E; may not be
needed at all for the next hop. There will
be more on this very shortly.

E-Layer Valley

The companion paper in these Proceedings
(Kennedy and Zimmerman 2011a) pointed
out that the presence of elevated ionization
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Figure 6 USU-GAIM N, for 0015 UTC 01/11/11 showing the channel
region of the E-layer Valley between 110 and 105 km in the south near
the center line of the north-south path. It is due to the weakened
southern branch of the equatorial F-layer anomaly above the E layer.

9679,




in the F layer abovethe E-layer electron reservoir has the capacity to squeeze a second region of ionization down
into the E-layer area from the top, where the wind-shear compression mechanism normally operates to produce
E;. This provides a site for at least a secondayer of E; clouds to develop, which raises the probability of ordinary
E; skip, and also chordal hops or bottom-top skip ducting. Figure 6 shows this same process was at work in the
southern hemisphere E-layer, establishing a channel along the north-south line of the path.

TEFE Hypothesis

Plausibly, the ZL/VK and NA stations - e S s o
were in the right place at the right time to ' - Belens =" Ry R
catch a southern summertime SSSP (nE; or f‘i’; ) T \\; k‘ 2 %
hordal) path th thern-hemisph Ry £ e ;
chor a).pa up the southern-hemisphere o B » / C /F"ﬁ
channel in the inverted T E-layer structure - nS k ; Gt &J
that carries the signal to the northern F- = W Dt / e
layer anomaly acrossthe equator, which } - - / A
then provides a north-side F2 hop that ,/J {m j\i’% N /
feeds a northern-hemisphere wintertime T S
1E. or 2E; link (or chordal Eg equivalent) BN EDU S gy i s - St L R S A S ot
on into NA. R e e e
. . Figure 72 Here are sample great-circle paths between various end
The Great Circle ,Path_ Figure 7 shows points in NA and ZL/VK, as was observed on January 11, 2011.
some typical great circle paths between the

US and ZL/VK. From the north, they all

go southwest, passing a bit east of KH6 near the northern F2 peak. The path goes progressively southward, into
the extended T-shaped E-layer reservoir region and stays within it until arriving at ZL or VK. Those paths all
overlay the northern F2 branch, and also the T-shaped E-layer ionization patterns seen in Figures 4 and 5. (They
are also essentially parallel to the Earth’s magnetic field lines, which may or may not be a factor.)

Wintertime E in the North B The winter-
time Eg peak is small, and very unpredict-
able. Nevertheless, winter E; happens. Its 15:00 & T rer 0k
ionization reservoirs are either very weak, 1400 ° e

or very small. Let’s assume there is winter ° A I o2kt

E, south and west of W6, and then look at e S
how the rest of the path lines up. The
location isW6, and the time is about 1700

LST

ZL/VK-NA

12:00

11:00 ®

10:00

ZL-VK Local Solar Time

Wintertime Equatorial Anomaly in the 0:00 °
North — Figures 4 and 5 both showed that
the northern-branch of the F2 equatorial
anomaly forms a long thin strand at about 7:00
20° N, extending east and west of Hawai'i. e e B st ot T e o
The time here !S about 1300 LS hear the Figure 8 For ZL/VK-NA paths, the east-end stations are almost
peak of the daytime F2 anomaly. The local always in their E; afternoon/evening peak period (vertical solid bars).

MUF is greater than 50 MHz. Often the west-end stations are in their morning peak (from the
bottom up to the dotted line), yet a fair number of contacts occur in

Summertime NorthSouh Branch of the | the usually low-probability afternoon area above the dotted line.
Southern Hemisphere Hayer Reservoir-
Figures 4 and 5 also showed that the north end of the north-south branch of the southern-hemispheric E-layer
reservoir is reasonably well aligned with the great circle path, going roughly southwest from the vicinity of KH6
towards ZL. In ZL, the time is 1230 LSTat the end of the local morning summer E; peak — and a contact ensues.




This would constitute a Transequatorial E
to F to E path, where the E segments were
each just a few hop equivalents — call it
TEFE for short. Figure 9 shows that even
the longest observed paths can be
explained by one or two 2,000 km winter
Es hops in the north, a 4,000 km F2 hop
across the Magnetic Equator, and two or
three summer E; hops in the south.

Why ArenOt There Other TEFE
Paths?

Whatever the mechanism, one has to ask
why isn’t this samekind of path being seen
when the seasonsare reversed and why
arenOpaths like this being seen in other
parts of the world? Specifically, if the
ZL/VK-NA path happens in the paired
southern-summer and northern-winter,
shouldn’t it happen during the paired
northern-summer and southern-winter?
Likewise, why isn’t there, say, a NA-ZS
path in one or both of the seasonal pairs?

Was Anyone Talking and

Listening?
One reason could bethat no one has spent
enough time trying to work those paths,
from both ends at the same time, during
the right seasonand timesof day. Figure
8 shows the LST early-on-late diurnal plot
for the database ZL/VK-NA events.
Broadly, what it shows is that the eastend
stations are rather consistently in their
afternoon/ evening E peak time period.

In this specific case, the east-end stations
are in their winter E; season. It may be
that the wintertime stations need the mo
ideal Es conditionsin order to (rarely) find
the necessary winter E; to make the link to
the F2.

The west-end station times are less
systematic. Much of the propagation does
occur in their morning peak period. But,
many do show up in the normally lower-
probability dip in between the morning
and the rise of the afternoon-evening
peak. On the other hand, they have good
summer conditions on their side.
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Figure 9: Even a path to from the west coast of NA to eastern VK only
requires one winter Eg hop and three summer E; hops, plus the single

F2 hop across the Magnetic Equator. A link from the central US
requires a second winter E hop.

..............................

06/20,/2010 Time = 22:00:00 UT H= 275. km

N, [em™]
938034

0. 100. 200. 300,

lon [ ] 6665,
Model at CCMC: USU—GAIM

068/20/2010 Time = 22:00:00 UT H= 105. km

137142

N, [em™]

137142,

0. 100. 200. 300,

lon [ ] 9535,

Model at CCMC: USU—GAIM

Figure 1Q USU-GAIM N, for 2200 UTC 06/20/10, a day with lots of
JA-NA propagation. Upper: F layer at 275 km. Despite being southern
winter, the southern branch of the F2 equatorial anomaly is very weak
on the great-circle path (MUF below 26 MHz). Lower: E layer at 105
km. The northern summer E-layer reservoir has the same kind of shape
as the south does in its summer, except the T is upright.




If one were to systematically search for an NA—ZS path, or the combination of reversed-seasons variations, Figure
8 suggests when the east-end stations should be on and, thus, the times for which schedules should be made.

What Does The lonosphere Say?

If the propagation is really TEFE, with winter E; linking to the winter-side F2 equatorial anomaly, and then to the
summer side of the equator, and summer E; to the far end, then the ionospheric conditionshould also show why
these othervariations are notseen.

ZL/VK BENA in the Northern Summer

The first of these “other” three path possibilities is just reversing season for the known ZL/VK-NA path. Figure
10 shows the F and E layer configurations for a good day in the northern summer on June 20, 2010 at 2200 UTC.
There were excellent JA-NA conditions with many contacts being made around the same time. One can see that
the E-layer reservoir is very nicely positioned to facilitate E; (SSSP) between JA and NA. It is also clear that the
northern summer E-layer ionization has very nearly the same shape as that seen in the southern summer, except of
course, in the north the T is upright, not inverted.

On the other hand, as Figure 3 showed
even during the Vernal Equinox, the
north-side branch of the F2 anomaly was
noticeably stronger than the south,
during this same time. Though its
(summer) electron density was less than
half its winter value, Figure 10 shows
that the winter southern branch is very
much weakesstill (MUF << 29 MHz).
The main thing to note is that, during
these observed seasons, the:

06/20,/2010 Time = 18:15:00 UT H= 300. km

E layer was symmetric across the

equator with the resrsal of the 200. 300. . 100.

seasons, and the lon [ ° ] 18318,
Model at CCMC: USU—-GAIM

F layer was not symmetricacross 06/20,/2010 Time = 18:15:00 UT H= 105. km

the equator in any season during the
date range of the study

If the propagation seen in the northern-
winter/southern-summer is truly TEFE,
then the reason the same path across the
Pacific isn’t seen in the reversed season,
northern-summer/southern-winter, is that
there is no southern F2 hop across the
equator to the northern summer E
reservoir (and the otherwise necessary

INg [em™]
Min: *

956,
Max: +
129176,

N, [em™7]
129176,

956,

E;, even if it’s there). Model at CCMC: USU—GAIM
. Figure 11 USU-GAIM N, for 1445 UTC 06/20/10. Upper: F layer at
NAEZS in the Northern 300 km. The southern branch is needed to link to the northern E,, but the
Summer MUF is far below 50 MHz. Lower: E layer at 105 km. It is in good

While NA-ZS may look like an eastern- | shape, but that alone is not enough, so the NA-ZS path fails.
hemisphere analog to the ZL/VK-NA
path, it’s not that good a fit, even to begin with. Figure 11 shows that the necessary southern F2 branch MUF,
needed to link to the northern E;, is well below50 MHz (about 33 MHz).
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In addition, the TEFE hypothesis depends on E; processes for most of the path. The probability of E; is known to
be dependent on the value of the horizontal component of the Earth’s magnetic field, which is at its worldwide
lowestover ZS. As a result, E; itself is fairly rare over ZS even in the local summer (Whitehead 1997b), thus it is
far lesslikely in the winter.

So, for two unrelated reasonis path is veryunlikely. Since the absence of the path couldjust be a matter of no
winter E; in the south, nothing conclusiveto be said about the TEFE hypothesis, one way or the other.

NAEYS in the Southern Summer

Here the situation is somewhat different. It is summer in ZS, so the probability of E is much higher than in the
winter, but it is still only about onethird that of either ZL/VK or NA.

Coming from the north, the TEFE hypothesis holds that winter E;, feeds the signal to the northern-winter F2
branch, which then provides a link across the equator to the southern-summer E; (if there is any).

Figure 12 shows that the northern F2 branch MUF is near 48 MHz, but it’s in the wrongplace. This peak is 3,000
km eastof the great-circle F2 skip point,
where the actual ground-level MUF is
no more than 33 MHz and probably less.
In addition, the F2 skip point is about
1,200 km further from NA than the F2
skip point for the ZL/VK-NA path
(requiring at least one additional winter
E; hop).

01/10/2011 Time = 13:00:00 UT H= 300. km

It is also clear that the southern tip of
Africa is actually north of the most
intense part of the summer E reservoir
(whereas, in the ZL/VK case, they sit
right under the peak). Finally, it appears
that ZS and its environs may be just a bit
too far east to line up well with NA and
the northern branch in any case.

200. 300. . 100.
lon [ 7] 1.24E+04

Model at CCMC: USU—GAIM
01/10/2011 Time = 13:00:00 UT H= 105. km

So, like the ZS winter case, there are too
many reasons this path would be very
unlikely. Again, it provides no
conclusive evidence one way or the
other about TEFE. Whatever happens in
the F layer, the E-layer is a problem.

g M fem™]

137243,

Discussion and Conclusions

The objective of this study was to

: lon [ ] ' 90,
understand the behavior of the very long

Model at CCMC: USU—GAIM

summer-to-winter  north-south  paths
across the equator, taking advantage of
the additional data that became available
as a result of the 2010-2011 southern
summer season.

Figure 12 USU-GAIM N, for 1300 UTC 01/10/11. Upper: F layer at
300 km. The northern F2 branch MUF is nearly 50 MHz, but with the
curvature of the geomagnetic equator, it does not line up well with the ZS
end E southern reservoir shown in the Lower frame right side.
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North-South TEFE

So far, this effect is only observed in the southern-summer/northern-winter and over the Pacific path. It has not
been observed over the Atlantic and has not been observed with the seasons reversed. The propagation
mechanism that currently best fits all the examined data is one in which the path arises from some combination
three-hop equivalent sporadic E (be it nEg, chordal, etc.) in the southern hemisphere, going northeast toward the
equator, following the persistent bulge of the summer E-layer ionization reservoir toward the northern
hemisphere.

At some point near the equator, the path passes throughthe E layer and goes off toward the F layer. Further north
and east, it finds the northern branch of the equatorial anomaly with an MUF near 50 MHz, which the model
reports frequently existed even for normal grountevel angles of incidence(If the incoming path angle arrives
from a chordal Eg hop, the F2 MUF would be even higher.) The subsequent F2 hop, now moving more east-
northeast, finds one- or two-hop equivalent wintertime E; propagation that carries it to NA.

Note that the F2 classical ground-level MUF need nobe all the way up to 50 MHz in some of these scenarios.
Coming out of the E-layer, the skip angle at the northern F2 skip point could be smaller than the ground-level
value, if so the ground-level MUF could be a few MHz lessthan 50 MHz.

As might be expected on such a long and torturous path, the signal strengths observed are generally very weak,
requiring great skill and good equipment on the part of the radio operators. On rare occasions, stronger signals
have been noted for brief periods of time.

Seasonal and Longitudinal Symmetry

To date, the only documented paths occur in the southern-summer/northern-winter seasonal combination, and
only between ZL/VK (and nearby islands) and NA. In a symmetric ionosphere, one would expect that if the
seasons were reversed between northern and southern hemispheres, the same propagation would occur
semiannually. However, this is not observed Similarly, one would expect that the propagation would move
around the world on a more or less daily basis and be seen to occur at many different longitudes. However, so far
this is not observed

The seasonal and geographic variations of the potentialpropagation paths, which are notobserved, form a fairly
strong argument supporting but itself not fully conclusive of, the TEFE scenario.

E<Only Mechanisms Are Excluded; An Flayer Role isRequired

In the case of the E layer, the model and observations show that the north-south seasonal symmetry is quite good.
So, if the mechanism were purely an Eg process over the whole the path, then that symmetry should work well
with the reversal of the seasons over the same path. The absence of paths between ZL/VK and NA in the
southern-winter/northern-summer appears to excludeknown Eg-only mechanisms.

If there must be something in addition to E, then the models show that all that seems to be left is the winter-side
branch of the north-side F2 anomaly. It’s in the right place and has the MUF capacity to fill the role.

Conclusion

So far, the TEFE mechanism is the only one of the several offered that coincides with all the known vagaries of
the observed temporal and seasonal propagation patterns. Further observations may refine or change this
conclusion.
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