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ABSTRACT

10 cm radar observations,in a vi sually clear atmosphere,
of parallel echo bands along the wind with superimposed
transverse structure are presented and compared with
radiosonde-radarwind data. The mode of echo generation
is discussed in terms of incoherent backscatter from a
turbulent layer and in terms of specular reflection from a
continuous inversion'layer. The former process is shown
to be the more realistic of the two.

The mechanism of amplified shear-gravity waves is
capable of accounting for the transverse structure only.
The hypothesis that the observed primary bands are set up
by unstable perturbations in boundary layer flow over a
concave surface (so-called Gértler vortices) is not
inconsistent with the theoretical prediction which takes
into account topography and excitation, the latter being
supplied by an observed strong wind surge.

1. INTRODUCTION

On the afternoon of 5 February 1969, parallel echo bands at about 1 km
height were observed on two S-band 10 cm radars in the Melbourne region. The
phenomenon which occurred in a nearly cloudless sky was first seen soon after
1600 EST on the PPI scope of the modified Mitsubishi RC 33 radar at Carlton, near
the City. This radar is sited at the University of Melbourne and maintained by the
Bureau of Meteorology. On an alert from the Bureau, the echoes were verified on
a modified Marconi 277 radar at the site of the CSIRO Meteorological Physics
Division at Aspendale, about 30 km to the south. They were located over the
northern part of Port Phillip Bay and adjoining low land to the east (Fig. 1). The
echoes were tracked from Aspendale until they disappeared at 1750 hours. Their
movement appeared to be generally slower than the wind which was 10 to 15 m sec-1
in a shallow easterly surge. (All times mentioned in this article are in Eastern
Australian Standard Time (EST)).
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Fig.1  Port Phillip Bay and Environs, Contours are at 100, 300 and 600 ft intervals, Superimposed are the locations of areas occupied
by BAND ECHOES and isochrones of the wind surge.
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Moving single-band angel echoes associated with dry cold fronts had been
observed quite frequently from Aspendale but this was the first time a multiple-band
was observed on either radar. The frontal echoes are consistent with the occurrence
of observed sharp refractive-index gradients in the frontal zone. Non-atmospheric
scatterers such as flocks of birds may play a part because some species are known
to congregate in the frontal convergence zone (Atlas, 1964). However, the multiple
structure of the bands in the present case precludes non-atmospheric scatterers as
the source of reflections.

On first impression, the phenomenon suggested internal waves not unlike
those described by Hicks and Angell (1966). Using X-band, S-band and UHF radars
at Wallops Island, U.S. A., they observed on RHI scopes a layei‘ echo with horizontally-
braided appearing structures at ca 3 km height in a visually clear atmospheric
region.. Hicks and Angell explained these echoes as being produced by breaking
gravity waves. The analysis of refractive index variations and of the envisaged
kinematic patterns was two-dimensional. The wavelength of the perturbations was
not one of the parameters of the analysis. In the present case, the PPI scope data
give an indication of wave length. In some aspects this study is therefore comple-
mentary to_that of Hicks and Angell. However, the present phenomenon suggests,
as we shall see, the presence also of three-dimensional forced perturbations in the
boundary layer (so-called Gértler vortices).

2. THE OBSERVATIONS

Close scrutiny of the PPI polaroid positives revealed a cross pattern which
is superimposed on the band structure (Fig. 2). The bands are aligned approximately
in the direction of the surface wind. Their spacing as seen from Aspendale at
1640 hours when the aerial was tilted to 2° elevation, varies from 0.7 to 2.1 km.
Only the northernmost band is 3. 5 to 4. 5 km distant from the nearest band south of
it. Assuming this gap to contain a band which could not be seen by the radar,
because of its low reflectivity, the average '"wavelength " of the primary, longitudinal
patterns amounts to 1. 3 km.

The transverse pattern is apparent in the spacing of areas of maximum
illumination along the primary bands. This spacing varied from 0.5 to 0.9 km.
The average value is 0. 65 km or half the spacing of the bands.

Echo bands as seen somewhat earlier from the Melbourne radar, appeared
to the south of the Aspendale echoes and further away from the radar site; ‘they were
longer but had similar orientation. No cross-patterns could be detected (Fig. 3).

The maximum height of some of the bands was determined from the aerial
elevation angle at which the echo disappeared from the screen. This gives an
approximate upper boundary of the echoes between 550 and 950 m above sea level.
Beam bending in surface and elevated ducts was presumably pronounced in the
moist easterly flow beneath a strong subsidence inversion. However, the heights
will be little in error because of the comparatively small ranges involved.

One or two attempts to locate the echoes on the Aspendale RHI scope
failed, presumably because they were too close to the agltated waters of the Bay
which caused some sea-clutter echoes. *

* The sea-clutter pattern appeared to show some degree of organization too,
but it was not possible to investigate this further.



Fig. 2a. Enlarged sketch and Polaroid photograph of BAND ECHOES as seen from Aspendale at 1640 EST.
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Fig. 2b. Enlarged sketch and Polaroid photograph of BAND ECHOES as seén from Aspendale at 1724 EST.



Fig. 3 Polaroid photograph and enlarged sketch of BAND ECHO as seen from Carlton at 1618 EST.
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The echoes persisted with relatively little change to 1710 hours when they
began tobreak up. They had vanished completely by 1750 hours.

3. THE SYNOPTIC SITUATION

The synoptic analysis over Victoria, Bass Strait and Tasmania showed an
anticyclone south of Tasmania and an easterly stream over Bass Strait and
.southern Victoria (Fig. 4). A horizontal wind shear was detected - stronger
easterlies (force 5 to 8) to the south and light easterlies to the north over Victoria.
This shear was thought to be frontal and this idea was reinforced by a satellite
photograph report which gave an almost coincident middle-level cloud band.

The easterly stream to the south of the shear line was quite moist and the
synoptic disturbance was associated with significant rainfall in East Gippsland
(74 points or 18 mm at Cann River).

It appears that the zone analysed as a 'front" on 5 February was more in
the nature of a surge rather than a true front. This surge was tracked over the
littoral of Port Phillip Bay during the day and approximate positions for 0600, 0900
and 1500 hours on the 5th are given by the broad shaded line on Fig. 6.

Analysis of the radiosonde data from Laverton and the balloon flights from
Laverton (Fig. 5), Essendon and Launceston suggests that there was a frontal pass-
age through Essendon and Laverton before 0900 hours on 4 February.

Detailed examination of the wind speed record for a number of stations
around Port Phillip Bay gave the time of the surge as shown on Fig. 1. The detail
was not sufficient to enable an exact delineation of the surge line,

The sequence of weather associated with the surge line and as recorded
at the Bureau's Regional Office at Melbourne was as follows:

. During the earlier part of the day skies were 6/8 to 8/8 clouded over
Port Phillip Bay, but clearing occurred late in the afternoon so that by 1600 hours
the sky was virtually clear over the Bay. From Melbourne the only visible cloud
was a thin streak of ‘Ac lying about SE to NW just to the east-northeast of the city.
From the city and eastern suburbs, a band of Sc was just visible on the southern

. I3
horizon.

Analysis of the Port Phillip Bay area showed that the movement of the
strong wind zone was steadily northward, so that by 1200 hours it was north of
Laverton and Moorabbin but south of Essendon and Melbourne. This was still the
situation at 1500 hours and in addition the zone was north of Dandenong (Fig. 1).
Further movement continued and the zone was apparently north of Essendon at
2000 hours. '

The echo bands are broadly parallel to the wind in the lowest kilomeétre
but more closely so to the isochrones of the windsurge. The surge is presumably
very shallow. It had passed the region at the time when the echoes were located
over it (Fig. 1).






