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. ATRORAFT WEATHER RECONNAISSANCE OVER WATERS
"7 SOUTH OF WESTERN AUSTRALIA

by G.T. Rutherford and R.B. Crowder
Central Office, Melbourne

(Manuséfipﬁ received January, 1958)

Abstract: An evaluation is made of aircraft weather o
reports during reconnaissance operations over the
six-week period of Operation 'Antler’.

The use of the reports is discussed for
analysis and prognosis of both M.S.L. and upper
level charts.

The assessment of the value of the reports
is made by considering the analyses with and without
the reconnaissance reports.

It is considered that the contribution of
the reconnaissance in about 50 per cent of cases
consisted in confirming the analysis made without the
irecco? reports, i.e. based on historical development
from previous charts. In the remaining cases, ,
however, the reports resulted in significant alteration
to the analysis.

"1, INTRODUCTION

A pre-requisite to accurate forecasting over southern
Australia is an adequate synoptic analysis of the ocean areas south and
southwest of Australia. Such an analysis can only be obtained when
weather reports are reliably and regularly available from these areas.
Reports from Southern Ocean are quite inadequate to the task of
analysis over waters immediately to the south of Australia.

Weather reports from these waters are normally limited to
those received from such weather reporting ships as are present in the
area, and, for the most part, the shipping lanes are too far north to
yield the most significant information. Similarly, no reports from
commercial aircraft are available, since normal flight routes closely
follow the coast line. Consequently, adequate analysis can only be
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ensured by aircraft reconnaissance. This, obviously, cannot
economically be carried out as a routine daily operation but may be
justified for special purposes. These, to date, have been limited
to flights for preliminary investigations in 1947 of meteorological
conditions over the Southern Ocean prior to the establishment of
reporting stations at Macquarie and Heard Islands, (Maher, 1947);
flights during the Royal Tour of 1954; and reconnaissance during the
atomic weapons trials at Monte Bello in 1956, (Rutherford and Hannan,
1956). The purpose of this reconnaissance discussed here was to
provide a weather watch as part of Operation 'Antler’ during atomic
trials at Maralinga in 1957.

2, NATURE OF THE RECONNAISSANCE

A R.A.F, maritime reconnaissance squadron began operations
from Guildford in September, 1957. Flights were carried out by
Shackleton aircraft over three standard tracks. (Figo 1)
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FIG 1. TRACKS FLOWN BY RECONNAISSANCE AIRCRAFT.
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Track A -~ Leg 1 Pearce to 4005 110°E
Leg 2 4098 110°E to 40°S 116°E
Leg 3 4098 116°E to Pearce
Track B - Leg 1 Pearce to 4095 116°E
Leg 2 4095 116°E to 4095 122°F
Leg 3 40°S 1220 to Pearce
Track C = Leg 1 Pearce to 4005 1220E
Leg 2 40°S 1229F to 35395 128°E
Leg 3 35%%°5 1289F to Pearce.

The particular treck flown on each day’s reconnaissance was
decided by the Group Meteorological Officer, Maralinga, in the light
of the synoptic situation.

The aircraft was flown at 950 mb over the ocean section of
the first and third legs, and observations at intervals of 50 n.mi
entered in 'Recco’ code, FM414, (excluding radar data). At intervals
of 200 miles, the aircraft descended to 200 ft and observations were
made of sea-level pressure and surface wind, The second leg of the
reconnaissance was carried out at 500 mb with observations at 50 n.mi
interwvals, During the ¢limb and descent (at the end of the first
and second legs respectively) instrumental and visual observations
were made at 50 mb intervals. ’

The observetions were plotted on the synoptic charts nearest
in time to the time of observation, generally 2300, 0200 or 0500 GMT.

3. ACCURACY OF OBSERVATIONS

In most respects, a high degree of accuracy appeared to be
attained. The most important observations were those of wind, cloud,
sea~level pressure and heights of the 700 and 500 mb level.

!

The wind at flight level was found by the three course drift
method. Anderson (1951) estimates the magnitude of the vector error
in a three drift wind as about 3 kt in very favourable circumstances.
In Operation ‘Antler' the vector error in wind measurement was
considered to be about 5 kt. Sea-level pressures were at times
inconsistent with those reported from Western Australian coastal
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stations close to the reporting position of the aircraft. The error
in a radio-altimeter reading may amount to 50 ft, Anderson (1951) and,
over the sea, an additional error may be introduced due to the varying
surface, e.g. in heavy swell, Errors of the order of 2 mb therefore
might be expected. On the other hand, larger errors up to 10 mb in
this observation were occasionally noted; possibly due to error in
calibration.

4.  USEFULNESS OF REPORTS
(a) Application to M.S.L. charts

An assessment of the usefulness of the reconnaissance reports
was determined for each flight by considering, first, the 2000 and
2300 GMT charts (analysed without the benefit of the aircraft reports)
and, second, the 2300 GMT chart (analysed with the aid of 'recco!
reports), The 2000 GMT analysis over the area south of Western
Australia was based on the local Western Australia reports and on the
historical development of the synoptic pattern from the preceding
charts, (on some of which ship reports would be available) and also on
extrapolation of fronts from the latest Southern Ocean analysis. The
contribution of the reconnaissance reports to this analysis is set out
in Table 1 of the appendix.

It should be realised that, although it is stated above that
charts were analysed first without the benefit of aircraft reports,
this is not strictly correct as these reports had been used in the
analysis of earlier charts and so affected the analysis of the charts
used for the test. The method used here therefore underestimates the
value of the reports,

(b) Application to upper level charts

The reconnaissance reports included an ascent temperature and
dewpoint sounding to 500 mb usually made shortly after 0000 GMT, and a
descent sounding, from the same level but in a different pesition, an
hour or so later. Thus the observations were suitable for the current
2300 GMT, 700 and 500 mb charts.,

The most common combinations of positions for the ascent (a)
and descent (d) soundings were: :

1. 4095 and 116°E (a) 4098 and 122°E (d)
2, 4095 and 110°E (a) 40° and 116°E (4)
3. 4095 and 122°E (a) 35,598 and 128°E (d)
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Thus the reports gave two upper air observations within a
short time interval some 200 to 300 n.mi apart in an area south and
south-west of Western Australia. During this period rawin
observations were also being made at Albany, Western Australia,

During the short time the reports were awvailable a
substantial contribution was made towards a knowledge of the character
of the upper charts for different synoptic situations.

There were many upper troughs in the vicinity of Western
Australia during the period and, on almost every occasion, analysis
based on the reconnaissance reports showed a marked wind speed maximum
south of the continent at both 700 and 500 mb. On many occasions very
strong gradients were indicated at 500 mb giving geostrophic winds in
excess of 80 kt and, in a few cases, in excess of 100 kt. Previous to
the aircraft reports isotach patterns were rarely drawn to indicate wind
speeds of this magnitude south of Western Australia but strong winds
would be observed over south-east Australia later when the trough had
moved east.

When there was an upper ridge south of Western Australia or
in the Bight the aircraft reports often indicated that it was more
prominent than would have been supposed without the observations.
Correct analysis in these situations would contribute to greater
accuracy in upper and M.S.L. prognoses and to forecasting of upper
southerly winds or cold outbreak conditions over south-east Australia.

The reconnaissance reports enabled the positions of upper
gystems to be ascertained with much greater accuracy. This also
applied to the intensity and changes of intensity of these systems -~ a
feature which previously could only be gauged from the mean sea level
situation or winds and radiosonde data from the mainland a considerable
distance away, This has obvious benefits for prognosis because the
accurate lknowledge of the historical positions, movements, intensities
and changes of intensities of systems makes historical projection much
more accurate,

The wavelength of the long waves in the westerlies and the
strength of the zonal flow could be obtained more precisely with the
information supplied by the aircraft. Rossby’s formula for the rate
of progression of long waves could be used with more confidence on
those occasions when the latitudinal belt of maximum westerlies could
be located.

The reports gave valuable information on the stability and

- moisture content of the air south of Western Australia and over the

Bight. As this air could later be advested over south-east Australia,
this information was useful for forecasting in that area. Due to the
timing and positions of the aircraft soundings, on occasions the ascent
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was made in the lower levels of the air following a cold front and the
descent in the air preceding it, or vice-versa. This gave valuable
information on the position of the front and the amount of cooling
produced by it.

appendix,

A daily analysis of the flights is shown in Table 2 of the

5. CONCLUSIONS

M.S.L. analysis

(a)

(b)

(c)

Of the twenty=-six flights, fourteen merely confirmed the
analysis of the surface situation as deduced from the

2000 GMT chart analysis and previous history., Such
confirmation gave added significance to the analysis, and,
in this sense;, the reconnaissance reports were a valuable
contribution. On seven occasions, the reports demonstrated
the existence of an appreciably different pressure gradient
south of Western Australia; of the order of 15 kt or greater -
an important feature for the projection of southern fronts.
On five occasions, the aids to analysis were more striking,.
enabling, for example, better location of anticyclonic
centres, detection of southern fronts, and confirmation of
potential ‘cold outbreak' situations,

There appeared at times to be gross errors in sea-level
pressure readings. This resulted in an inconsistency
between the observed wind at the gradient level (950 mb) and
the wind derived from the sea~level pressure gradient using
the aircraft pressure readings.. The discrepancy was
greater than could be accounted for by the stamdard errors
involved. Post=analysis tended to indicate that the
reported winds were substantially correct. The apparent
large error in pressure readings on four occasions was
responsible for some lack of confidence in this obserwvation.

The low level observations at the southern extremity of the
flight (about 40°S) were naturally the most useful for M.S.L.
analysis; particularly, since ship reports were often
available to about 37°S. A reconnaissance conducted at

500 mb on the first and third legs and with the second or
southernmost leg at the lower level near 4005 would
consequently be preferable from this aspect,
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Upper level analysis

(a) It was found that the reports were most useful in situations
vhere there were fairly rapid changes, and, in fact, the
reports need not have been made so frequently in the slower
moving or blocking situations,

(b) The times and positions of the reports were, in general,
excellent. One of the three sets of positions could be
chosen on a particular day to give the maximum possible
information, e.g. to intersect a cold front, to determine
the development of a ridge, the position of an upper trough,
or the strength of the associated jet maximum,

(¢) Errors which existed in the heights of the 700 mb and 500 mb
surfaces on occasions when the sea<level pressure was clearly
incorrect, could not be accurately assessed, since the actual
sea-level pressure could be only approximately determined from
wind and pressure gradient.

(d) More reliable estimation of the long wave movement was possible
-(using Rossby's formula) when the latitudinal zone of maximum
westerlies was located. More accurate definition, also, of
the long waves afforded better indications of the upper
divergence field over the Bight, and enabled more confident
predictions of movement and development at sea level.
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