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VHF, UHF AND MICROWAVE PROPAGATION

 AND 

THE GREAT AUSTRALIAN BIGHT

by Dr Walter J Howse VK6KZ

4 Renton St

Melville WA

Australia 6156

wjhowse@bigpond.com
The author has studied, and exploited since 1975, the anomalous propagation on the amateur radio frequencies from 144 MHz up to 10 GHz across the Great Australian Bight.  This article brings together those studies and experiences for the benefit of other amateur radio operators and poses a number of questions for others to consider.

The location of the Great Australian Bight and some of the key locations can be seen from the following map 
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Cape Leeuwin/Augusta (34°S 115°E and population 800) and Albany (35°S 118°E, population 19000) are at the western end of the path but occasionally points as far north as Perth (32°S 116°E, population 1.2 million) can be involved.  Commonly Adelaide (35°S 139°E, population 1.1 million) and Melbourne (38°S 145°E, population 3.2 million) are towards the eastern end of the path.  The most distant points with contacts on 144 MHz have been South Druin (38°S 146°E) and Perth.  There is no permanent amateur radio activity at Cape Leeuwin/Augusta.  However the West Australian VHF Group Inc has obtained a licence to place beacons there on 144, 432 and 1296 MHz.  The equipment is planned to be installed in late August/early September 2000.

Significantly (and disappointingly) there is virtually no VHF/UHF/microwave amateur activity in the 1900 Km between Albany and Adelaide apart from Esperance where there is activity on 144 and 432 MHz.

Had alert Western Australian amateurs read the 1948 report of wartime radar experiences by F J Kerr
 they would have tumbled to the excellent paths available on the north/south path along the western coast, along the northwestern coast of WA and the east/west one across the Bight.  This report was based on observations from 112 Royal Australian Air Force 200 MHz air warning radar stations near the coast of Australia during the period March 1944 to August 1945.  The data demonstrated that “super-refraction in summer often extends over a large area of southern Australia” (p444).  Interestingly this report was referred to in Amateur Radio for May 1950 but its significance appears to have been ignored.

The first reported
 occurrence of long distance propagation on 144 MHz between Western Australia and South Australia amateurs was a contact between the late Rolo Everingham VK6BO in Perth and Clem Tilbrook VK5GL in Adelaide on 144 MHz on 30 Dec 1951 at 07.12 UTC with AM signal reports given by Rolo of 5/5-8 and received 5/5-6  This contact of 2164 Km was just short of the then world distance record of 2253 Km.  

On 9 February 1952, Rolo again worked VK5GL on 144 MHz at 03.12 UTC.  He then worked Reg Galle VK5QR at 03.22 UTC.  Reg Galle
 commented “Clem and I intend watching each time the weather map indicates a possibility - viz cold front from west to east near the coast plus a parallel isobar close to it.  Both breakthroughs showed this oddity on weather maps ...we are very keen to test one metre gear”
The commonly accepted theory had been that these contacts had been achieved by Sporadic E.  However observations emerged in the late 1960s which indicated that similar contacts could be possible by tropospheric propagation.  (In the 1980s with the additional knowledge, a study by the author of the relevant weather charts suggests that the 1951 contact may well have been by Sporadic E and the second by tropospheric means).

The Weapons Research Establishment of the Australian Defence Scientific Service began propagation tests between Albany and Salisbury 25 Km north of Adelaide in South Australia using beacons in Albany on 135.5 MHz (5 KW and 12.2 dB gain yagi) from December 1966 and on 1769 MHz (1 KW and 35.7 dB dish) from October 1967.  An early report of that research, McAllister
, showed that from October 1967 to April 1968 there were sixty openings of 135 MHz of at least two hours duration, eighteen openings of 24 hours duration and one which lasted for a fortnight in January 1968.  The openings on 1769 MHz were not as frequent (twelve occasions only) nor did the signal reach the same high level as at VHF.  Further the VHF signal was always present when a UHF signal was received.  Illustrating this was a graph showing that in one week in January 1968, the strength of the VHF beacon peaked at 10 dB below free space and that of the UHF beacon at 25 dB.

Spurred on by the success of these tests and urged on by the then President Don Graham VK6HK, the West Australian VHF Group (Inc) installed a 144 MHz beacon in October 1968 at Mt Barker 50 Km north of Albany.  This led to the first of many contacts on 144 MHz between Albany and Adelaide. This first QSO
 was between Wally Green VK6WG and Mick McMahon VK5ZDR on 3 January 1969.

Subsequently the Great Australian Bight has been bridged on a number of the other amateur bands with first contacts made on 

    432 MHz on 11 December 1972 between VK6WG and VK5ZDY

  1296 MHz on 25 January 1977 between VK6WG and VK5QR

  2304 MHz on 17 February 1978 between VK6WG and VK5QR

  3456 MHz on 25 January 1986 between VK6WG and VK5QR

10368 MHz on 30 December 1994 between VK6KZ/p and VK5NY/p

In addition to the Albany Adelaide path of about 1900 Km, contacts have been made over longer distances from points in the south west of WA as far west along the coast as Cape Leeuwin (on 144, 432 and 1296 MHz) by VK6KZ/p and as far north from Perth (on the same bands) to points south and east of Adelaide and into Victoria.  These contacts all cross the Bight and the longest distances worked have reached 

2864 Km on 144 MHz VK6KDC Manjimup - VK3DEM Bairnsdale

2864 Km on 432 MHz VK6KDC Manjimup - VK3DEM Bairnsdale

2449 Km on 1296 MHz VK6WG Albany - VK3ZBJ Melbourne

These openings appear to be dependent on the presence of a high pressure cell in the Great Australian Bight.  For example the following weather map of 16 March 1988 was provided in a paper by Jamieson
 illustrating the conditions of “a virtually stationary and typical high pressure system which produced outstanding results from Albany to Adelaide and Melbourne over a period of four days on all bands to 3.5 GHz”.
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The studies reported in 1948 by Kerr and those by the Weapons Research Establishment also make this link between good propagation and the surface pressure distribution.  But is there more than a high pressure cell needed?

Russell Lempke VK3ZQB pointed out the significance of the charts of the upper level pressures and the relationship between the peaks in the upper levels and the peaks in the Mean Sea Level (MSL) charts.  His paper presented to the Gippsland Technical Conference in 1999 and to be available at the 2000 Conference concluded

I found the upper level map gave clear and reliable indication of a pressure system that was likely to produce propagation, and it also indicated by the size of the upper level cell, the approximate area that could be expected to be in the duct.  Analysis revealed that propagation was likely when the cell's 500 Hpa point, had an altitude around 5.9 kilometers, and its position at 500 Hpa, was not too far from the cell centre at ground level.  Some displacement always occurs, as the top of the cell will lean toward the landmass where there is a large, warm, dry air mass in the upper atmosphere during summer.

Certainly the author has experienced upper level disturbances, not shown on MSL charts, which have destroyed propagation!  The presence of these crossing the Western Australian coast in a south east direction certainly discourages a journey to the south coast even if a strong high pressure cell is shown on the MSL charts in or approaching the Bight!

The author is of the view that in addition to the presence of a favourable high pressure cell there needs to be a further mechanism coupling the signal into and out of the duct.  The main duct is presumed to be provided by the subsidence inversion formed when the air descending slowly within the cell becomes progressively heated by compression.  Such heated air is also low in moisture due to its high altitude origin.  

What does the research relating to the Bight say?

Baker
 reported observations which showed that it was unlikely that the 135.5 and 1769 MHz signals could have crossed the Bight between Albany and Adelaide by multiple reflections between the sea and an elevated layer.  He suggested that the propagation may occur in an elevated duct if a tilted layer is present which slopes upwards near the transmitter in the direction of propagation.

McAllister was confident that both the 135.5 and 1769 MHz signals were propagated by the same basic mode and proposed that the signals were fed into the surface duct at Albany and guided along an elevated duct which gradually rose in height across the Bight to the 1500 m level above Adelaide where they were scattered out again to the receiver.

Isobaric charts provided in these articles indicated that the position of the centre of the high pressure cell was south of the path - a phenomenon which has been confirmed by many observations by the author and many other amateur operators.
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Referring again to the wartime research on the 200 MHz radar echoes, Kerr reported that from mass plots of echo occurrence, super-refraction in southern Australia occurs most frequently in the rear halves of the migratory anticyclones.  The characteristic feature of the region in the rear of an anticyclone in southern Australia is an offshore gradient wind, which carries warm, dry continental air across the coastline.  Kerr stated that “super-refraction in southern Australia is associated with an offshore gradient wind”.  Nowadays this is described as an advection inversion.

Kerr suggested that when hot continental air is crossing the coast at a fairly small angle, the cooler air over the sea, assisted by sea breeze processes, forms a frontal discontinuity along or near the coastline, with a wedge of cool maritime air undercutting the continental stream.  This he described as a coastal front, sea breeze duct.  The surface of the discontinuity approaches ground level 80-160 Km inland rising towards the sea with the height at the coastline being commonly 600-1000 metres.  

In addition to this, Kerr described an offshore streaming diffusion duct as follows

 “As warm dry air passes over a slightly cooler sea surface, the lower layers are progressively modified by downward eddy conduction of heat to the cooler sea and upward eddy diffusion of moisture from the sea into the air.   Modification of the air in the lowest layers increases the lapse-rate of refractive index, producing a surface duct for some distance out to sea.” (p.455).

He also described nocturnally-cooled air carried out to sea which could extend the duration of super-refraction of the offshore streaming type.  Kerr proposed that these processes were responsible for three types of diurnal variation namely 

Coastal front, sea breeze 
1300-1900 hours

Offshore streaming
1700-0100 hours

Advection of nocturnally cooled air
2400-0900 hours

It is a combination of a subsidence inversion and these processes that appear to be needed for the path across the Bight.

This is reinforced by the diurnal variations noted in the path.  Baker noted that anomalous propagation at 135.5 MHz was more likely to occur at night and in the morning than in the afternoon. The diurnal variation of the 1769 MHz signal was similar to, but not as marked, as that at VHF.

Is it the lack of such processes in the winter months which inhibit propagation when the intense highs with central pressures exceeding 1030 hectopascals are present in the Bight region?

Using a chart recorder and dedicated receiver, Colin Hurst
 VK5HI monitored the Albany beacon VK6RTW on 144 MHz over the period October 1979 to March 1980.  His unpublished graphs of signal strength and UTC time showed that the beacon was strongest between 0600 UTC and 2300 UTC or 1400 local time to 0700 the next day.  Observations by the author and others on a less systematic basis support this view.  Hurst also reported that during the six month period of his observations, the signal strength was at 10 dB below free space for 1 hour, at -15 dB for 2.5 hours, -20 dB for 11 hours, -25 dB for 29 hours, -30 dB for 53 hours and above his receiver threshold of -55 dB for 221 hours.

Over a period of time, the world record distances established across the Great Australian Bight on the bands from 432 MHz to 3456 MHz have been exceeded by contacts between Hawaii and California.  Apart from being shorter (2000 Km versus 4000 Km), the Bight path appears distinctly different from the Hawaii/California path since the latter does not skirt initially along a land/sea interface as the signals leave (or arrive at) Hawaii.  The Hawaii/California path appears to depend significantly on the height of the operator at the Hawaiian end.  The report by Overbeck
 and reinforced by later reports of contacts over this path, pointed out the importance of being between 1500 and 2600 m above sea level in Hawaii.  Contacts from points at lower altitudes are much less frequent.  Overbeck suggested that the maximum height of the duct at the California end was about 450 m.  Such observations were repeated by Tynan
 and Pocock
.

In the case of the path across the Bight, there are few points above 200 m anywhere at the western end of the circuit.  Most of the author’s successful operating has been from about this height.  He has not found a suitable site close to sea level.  Wally Green VK6WG has made his contacts from 144 to 3.5 GHz from less than 100 m above sea level.  At the South Australian end, contacts have been made from virtually sea level upwards to at least 700 m.

Do the small land masses of Hawaii mean that the mechanisms for getting into or out of the upper level duct in Australia are not present and that is why altitude appears so important in the Hawaii/California path?

Some further observations about the Bight path.  

Firstly the path does not necessarily end at or close to the South Australian coastline.  As pointed out earlier contacts have been made from southwestern Australia to Melbourne and beyond.  Contacts from Perth to Adelaide and beyond are rare (see Howse
) but have occurred notwithstanding the approximate 600 Km of land between Perth and the Bight.  Such contacts on 144 MHz in early 1996 extended 500 Km beyond the South Australian coastline to beyond Melbourne over land (see Jamieson
).

Contacts between stations along the south coast of WA and Melbourne and beyond are much more frequent and usually occur as the high pressure cell moves further east in the Bight with sometimes the loss of the Adelaide stations.  Since few stations in the northern suburbs of Melbourne have been heard when stations in the southern suburbs are being worked, the author suggests that the roughly east-west valley between the end of the Great Dividing Range and the Otway Ranges may preserve the far end of the duct enough to continue the propagation.  Interestingly the only station worked in central Victoria from Perth and Albany has been VK3CY in Wedderburn which is north of this part of the Great Dividing Range.

The frequent contacts made by Darryl Church VK6KDC from Manjimup (250 Km south of Perth and 180 Km west of Albany) to Adelaide and beyond - especially his contacts to Rob Ashlin VK3DEM in Bairnsdale on both 144 and 432 MHz - indicate that the over water path of the Bight can be extended at each end by at least several hundred kilometres.

The only contact between WA and Tasmania on 144 MHz was from David Lloyd VK6AOM in Esperance to an unknown station in Devonport.  The lack of contacts is probably due to the population distribution in Tasmania and the mountainous terrain in the north west of that State.  Esperance to Devonport missed most of that terrain.  

David also worked into New South Wales in 1986 on 144 MHz and the Great Circle path would have been across the Bight to Adelaide and then across land to Sydney.  On 20 February 2000 Bill Hockley VK6AS worked Rod Collman VK2TWR in Nimmitabel  on 144 MHz - a similar path across the Bight and then a roughly equal distance across land.  Mechanism?

The track of the high pressure cells is at higher latitudes in summer and the track moves towards the equator in the winter months.  Notwithstanding the potentially more favourable location of the high pressure cells across the continent (and much higher central pressures - above 1030 hectopascals), no really long distance contacts (over 1000 Km) in the winter months have been made by tropospheric propagation (characterised by length of opening and relatively stable signals in contrast to Sporadic E with short openings and unstable signals) from Perth on any of the VHF/UHF bands.  How much is this due to the lack of operators across the central parts of Australia?

Some other observations by the author.

The author lives in Perth and is over 400 Km from the south coast. Over a 20 year period he has had to judge when it is worth driving there to exploit the conditions.  The author is guided by a number of factors - 

· the long wave pattern in the Southern Hemisphere

· the presence of the high pressure cell in, or approaching, the Bight

· the central pressure of the cell - prefer 1026 hectopascals or higher

· the prognosis charts available for the next 2 days and more recently for longer periods

· Perth forecast temperatures - nice when these exceed 36°C

· Presence of a cyclone (hurricane/typhoon) off the northwest coast of Western Australia

· any reports of reception of the Adelaide beacons on 144, 432, 1296, 2400 or 10 GHz or of reception in Adelaide of the Albany beacon on 144 MHz 

On arrival down south, the author is encouraged by low cloud usually carried in a northerly direction across the coast and by fog/mist in the mornings, by reception of any of the beacons from Adelaide or Mt Gambier - and most of all by contacts with the enthusiastic amateurs on the other side of the Bight.  They are not only enthusiastic but are prepared to stay awake all night testing the “MUF”.  Sleep can come in the middle of the day when propagation appears least favourable!! 
A word of warning is needed with respect to heavy dependence on isobaric charts. Meteorologists are forced to make judgements when placing the isobars on the map.  These placements arise from consideration of the Australian computer model of the atmosphere (and compared with other models from overseas), satellite imagery and the relatively few surface observations (especially from the Bight itself) fed into the system.  The isobars may differ from reality.  If these charts are then translated by others for the purpose of weather reports on television then distortion is easy to emerge. 

The charts available to the author come from the Australian National Meteorological Centre based in Melbourne through the Internet and include manual as well as computer model generated charts.  Manual charts include a 24 hour prognosis and the computer 48 and 72 hour prognoses.  However the long wave pattern information provides some reassurance of the position and likely persistence and movement of the high.

Favourable conditions in the Bight (and the Hawaii/California path) may be affected by the El Nino Effect.  In El Nino years, the track of the highs is even further south and as a result the cold fronts which disturb the propagation are pushed further polewards away from the Bight.  A preliminary examination suggests that good conditions have occurred across the Bight in El Nino years.

Finally, do we on the west coast of Australia have another path - one to eclipse the Hawaiian/California one?  As far back as 1968, Brian Tideman
 VK5TN suggested that tropospheric propagation between Carnarvon (600 Km north of Perth) and the Malagasy Republic might be good for contacts on 144 MHz and occasionally for contacts between Perth and South Africa. (This is the same path referred to by Pocock in his 1996 article on transoceanic ducting at VHF.)  The Kerr article also reported on long range echoes from stations along the northwest coast of Western Australia and of the detection of an IFF (Identification of Friend or Foe) transponder signal from a Ceylon bound aircraft by a radar station at Carnarvon (800 Km north of Perth) at a distance of 1600 Km.

In March 1996, the West Australian VHF Group Inc installed a directional (towards southern Africa) beacon near Bunbury (180 Km south of Perth) on 144 MHz (VK6RBU) and reports of reception of it came by 14 MHz from Reunion Island (6000 Km).  As a consequence of this, telephone, fax and Internet address information were exchanged with the Reunion operators FR5DN and FR1GZ - particularly by Don Graham VK6HK who constructed the beacon transmitter and the author.  In the four years since then, a healthy scepticism continues about those reports and interest seems to have waned on Reunion Island.  The operators there did not obtain the necessary beacon licence from France and so the chances of a contact remain very very low.

In summary, the Great Australian Bight is one of the two most exploited paths in the world for long distance propagation of VHF/UHF and microwaves.  It has been bridged on all bands between 144 MHz and 10 GHz (except for 5.7 GHz).  The main challenges now lie in testing the 10 GHz path beyond the 1912 Km mark and testing the upper frequency limit.  Maybe water content will deny long paths on 24 GHz but who knows?  Anyway there is still 47 GHz and up - one can dream as others did 40 years ago for 144 MHz and the higher frequency bands!
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