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ABSTRACT

Observations are presented of extensive layer echoes seen during
the past summer season on the modified Marconi type 277 10 cm radar
at Aspendale, near Melbourne. A detailed study is made of 'all-sky"
echoes from the middle troposphere persisting for several hours while
practically no rain fell in the State. The phencmenon is analysed
two-dimensionally as snow trails from a high cloud canopy using the
Browne-Marshall model of parabolic trail patterns in constant vertical
wind shear and for constant particle fall velocity, and a generalised
model of exponential patterns for variable fall velocity.

The absence in the radar scans of a melting ("bright") band
indicates total evaporation above melting level. An assessment of
the evaporation rate for particles falling through desiccated air
beneath the high cloud is made to deduce their median mass and the
reflectivity. A particle precipitation rate of the order 0.5 mm/hr
or 0.5 inch/24 hr is indicated.

The study emphasises the importance of the depth and dryness of
subsided air as factors inhibiting the Bergeron rain mechanism and
their possible relevance to the wider problem of drought in Australia.

1. INTRODUCTION

o During the first two months of 1967 radar observations were made at Aspendale
(38°S, 145° E) which bear on the processes inhibiting summer rainfall in continental areas of the
subtroplcs and the lower middle latitudes.

On two occasions echoes were observed to come from reflecting layers of large
horlzontal extent. In one of these, such all-sky echoes occurred at 4 to 7 km, although almost
no rain fell within radar range and only widely scattered light showers within some 500 km radius.
The layer echo was monitored for several hours during which it was present in all azimuth scans
of the range-height indicator (RHI). A vast canopy of high cloud extended across SE Australia
from a decaying tropical cyclone over the northwestern desert regions. The extent of this
cloud cover can be seen on two successive television pictures from the operational satellite
ESSA 2 (see Fig. 1).

To the knowledge of the author no radar observations have been made previously of
a persisting reflecting layer of this kind when it had not been at least followed by widespread
rain. In some aspects, as will be seen, the phenomenon has some similarity with the radar
upper band discovered by Bowen (1951) and the related precipitation (snow) streaks or trails
investigated by Browne (1952), Marshall (1953), and later by others. The latter authors
constructed the basic two-dimensional kinematic model for these trails and this will be a
starting point also in the present study. A satisfactory explanation of all-sky echo would
Tequire a three-dimensional model, but since it cannot be tested with the radar data available )
in this case, the two-dimensional approach w111 be followed although the model will be. generalised
in some other aspects.

The magnitude of the reflectivity associated with the echoes is important both for
verifying the trail hypothesis and estimating the rate of particle precipitation, i.e. of ice

crystal aggregates at some mid-tropospheric level. Assessment of the reflectivity factor z from
the radar equation not being possible in this case, it has to be based on information on the
median mass of the reflecting particles. This will be calculated from evaporation rates which

will be determined from the basic equations governing the mass and heat transfer betweén an
evaporating particle and a moving air stream.
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2. THE PROPERTIES OF THE RADAR SET

The Aspendale radar is essentially a Marconi type 277 transmitter modulator

operating at 10 cm. The receiving system has been modified for greater sensitivity. Video
and display units have been manufactured within the Division. The aerial is a

12 ft x 8 ft 6 in. horizontally slatted parabolic dish mounted on a 20 m high tower possessing
horizontal beamwidth 3.2° and vertical beamwidth 2.5° to 2.8°%, with a gain of 35 db. It has

variable speed through 8 r.p.m. and can be tilted through -1.5° to 90°. The peak power output
of the transmitter is 400 kW, the pulselength 2p sec, and pulse repetition frequency 500/sec.
The PPI maximum displayed range is 310 km (170 naut. miles). The RHI bearing accuracy is
presently 1.5 in elevation and azimuth.

Although complete calibration of the radar has not been achieved, its comparatively
high sensitivity can be gauged from the fact that since October 1966, when it was brought up to
the present standard, moderately bright anomalous echoes (i.e. not originating in rain clouds)
were frequently observed. Most of these were anomalous echoes of the angel type seen on the PPI
scope mainly as narrow long bands.

The observations reported in this paper were made partly on the PPI scope with
displayed ranges from about 30 to 220 km (15 to 120 naut. miles), and on the RHI scope with
variable time base allowing for ranges from 15 to 110 km. The records consist of visual
observations and polaroid photographs of the radar scopes, and time lapse film. As the
reflecting strata were predominantly centred on heights between 4 to 8 km, their appearance on
the PPI (when the rotating aerial was tilted considerably) was in the shape of concentric rings
or annuli representing the radial widths of the strata in the direction of the beam. However,
range attenuation presumably caused limb darkening so that with very small aerial tilt, i.e. at
large ranges, the rings tended to decrease considerably in width.

The site at Aspendale is located 26 km south of the City of Melbourne, a few

"hundred yards from the shore of Port Phillip Bay. Permanent ground echoes originate chiefly

from the Mornington and Bellarine peninsulas and from the Dandenong Ranges. Thus, beyond 15 to
20 km ground clutter did not normally render the meteorological echoes ambiguous since they
emanated from the middle and upper troposphere.

3. FEATURES OF “ALL-SKY” LAYER ECHOES

Figs. 2, 3 and 4 are examples of typical polaroid photographs of RHI and PPI
displays showing the layer echo occurring on 23 January, 1967. Above the main layer in Fig. 2
a truncated second layer is just visible to about 10 km range. The unbroken, main layer
extending at that time to at least 110 km (at azimuth 78°) is centred on a height of about 6% km
and slopes upward and eastward, in the 10 to 60 km range, of order 1:100 (after correcting for

Earth's curvature and average refraction, see below). In the innermost 10 km and the
outermost 50 km the display features in this particular scan are somewhat ambiguous owing to
distortion and spurious illumination. The thickness of the main layer varies from 1.2 to

2.0 km while the slightly more sloping upper echo is centred on 7% km and has a thickness from
0.2 to 0.8 km.

Ring-shaped echoes on the PPI of the kind shown in Fig. 3 are due, as has already
been indicated, to the penetration of the reflecting stratum by the rotating conical beam at all
azimuths. Radii of the rings depend primarily on the angle of elevation of the aerial and the
thickness of the reflecting layer. Thus layer heights and thicknesses which were primarily
evaluated from sequences of RHI scans, could be calculated independently from the PPI data.

On correcting for earth curvature and reflection of the electromagnetic wave beam in an
atmosphere of average refractive index gradient, final calculations of height from slant

range and aerial elevation angle (tilt) gave compatible values. The results of a comparison
are shown in Table 1.  Omitting the penultimate line - the height difference there being
by an order of magnitude larger than elsewhere - the probable error amounts to about 100 m.

This value makes it possible to assess the slope of the echo layer with some degree of
confidence.
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. Fig.2  RHI scan with a modified Marconi type 277 10 cm radar at
- Aspendale, showing the all-sky layer echo at 1759 EST,23 January.

1967 Azimuth of scan, 078° Range and heightarein nautical miles.

Fig. 3 - RHI scan with a modified Marconi type 277 10 ¢cm radar at
Aspendale, showing the all-sky layer echo at 1706 EST, 23 January
1967." Azimuth of scan, 273°. Range and heightare in nautical miles.
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Fig.4 PPI picture of an all-sky layer echo at 1843 EST,
23 January 1967. Aerial tilt50°

Fig.5 PPI picture of multiple all-sky layer echoes at 1253 EST,
24 February 1967. Aerial til 86°.
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. Table 1. Comparison of the centre heights of the echo layer on
23 January, 1967, evaluated independently from RHI and PPI
© scans. The horizontal distance from the radar site is
limited by the tilt of the aerial in the PPI scans (see text)*

RHI PPI i
Aerial DistA Aerial | Aerial Dist-~ D.f¥e1ght
Azimuthi Time{ance [Height| Azimuth| Tilt |Time [ance |Height (;pleregﬁi)
degree EST | km km dégree degree | EST | km km km
078 16.48 Z
+ .
16.53 3 5.20 | 3 27.5 16.58 9.8 5.26 + 0.06
17.07 "o 50
17.15 g‘* §
" P > 40.0 17.08
17.07 E 5.43 g§°. 56.0 17.10 6.4 5.3} - 0.12
" 17.07 & oo 76.8  17.11 3
17.15 8 5.04 ch 76._8 17.12 1.2 5.17 + 0.13
» Q=
350 18.20 - 5.35 | % 15.0 18.26 17.0 5.30 - 0.05
275 17.06 = 5.68 E 40.0 17.08 7.0 6.92 + 1.24
o .
260 18.17 ™ 5,05 | 15.0 18.26 16.9 5.25 + 0.20
]
.2 2

Fig. 5 is an example of PPI scans on 24 February, 1967, showing a similar all-sky
echo, except that three distinct reflecting layers were evident. On'this occasion, however,
widespread moderate rain fell within range soon after the echoes were first observed.

4. HEIGHT AND DOWNSTREAM SLOPE

. The unusual echo on 23 January was first noted at 16.45 EST. At least one layer
was known to be continuously present until 20.47 when monitoring was discontinued. More or

less randomly spaced polaroid photographs of RHI and PPI scans were taken until 18.43, after which
the layer's existence was mainly verified from time-lapse film of the PPI scope. In this

manner the existence of the phenomenon has been established for at least four hours.

During the monitoring of the layer echo, its lower and upper boundaries appeared td
oscillate slightly, and some variations in horizontal extent and brightness were also noted.

More important is the overall configuration of the layer in the prevailing direction
of the upper flow; for this would bear upon the origin of the backscattering particles. It is
‘reasonable to assume that they-were ice crystals or aggregates (snowflakes) falling from the
upper cloud canopy through the layer of strong vertical windshear persisting during that day and
until some time during the following day. In this aspect the echoes were similar to the
precipitation streaks or trails studied first by Marshall (1953). The. phenomenon differed,
however, significantly from the classical trails in that it occurred at higher tropospheric levels,
extended as we saw in all azimuths with no indication of visible sharp ends (the generating
source regions of the Marshall trails) and was not followed by rainfall.

* Apparent discrepancies with Table 2 result from the different grouping of sequences
and from the fact that differences in distance-averaged layer heights, as between
eastward and westward scans, have not been taken as indication of slope for
identifiable layers.
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The average slope of the layer echo for discrete distances fron&the radar site at
various instances has been determined for both the January and February cases .

Tables 2 and 3 set out ‘the slope as a function of range (horizontal distance) and
distance-averaged values for the height .of the .middle of the layer and its thickness. For
closely spaced sequences of 2 to 5 photographs of RHI scans time averages have been formed.

Table 2. Tangent of downwind slope (1072) off all-sky
echo layers, 23 January, 1967, for various distances
from the radar site (based on RHI scans only).
Midlayer height and layer thickness are averages
over the relevant overall distances.

Azimuth Horizontal Distance (km) Average -

Time (to nearest| 0-5 5-10 10-20 20-40 40-60 | Height- Thickness
10%) km- km

16.48-17.15 080 1.2 2.4 -0.9 5.12 1.33?';
"17.06 270 1.0 5.0 6.5 5.03 1.27
17.57-18.05 080 7.4 9.2 1.4 0.8 -2.8] 5.69 1.92

18.17 ' 260 3.0 3.0 - 5.15 2.50
Mean 5.25 1.76
16.48-17.15 080 3.2 6.6 4.7 6.74 0.21
18.17 260 10.0  -1.5 0.1 6.48 1.08

The data in Table 2 refer to RHI scans with the aerial facing nearly east or west,

the wind direction at the relevant heights happening to be also very nearly west. Similarly,
the choice of directions along which the slopes of the lower and upper layers in Table 3 are
determined is in accordance with the prevailipg wind direction.

Table 3. Tangent of downwind slope, of all-sky
echo layers on 24 February, 1967, 1255 EST, based
on PPI scans with tilted aerial. Slope, height
and thickness of the echoes are averages in the
vertical planes as indicated. (The wind in the
lower echo layer was northerly; -in the higher
layer, northwesterly.)

Aerial Vertical plane through radar site] Average
T?lt from to Average | Height Thickness
(d 1 ces) Azim, Dist. Azim. Dist. Slope km km
egr (10 2) -
25 360 4.1 180 4.5 1.5 1.98 - 0.32 .
53 360 3.3 180 3.7 9.3 4.65 0.84 -
25 315 19.6 135 15.1 0.4 6.65 0.97 o
53 315 5.8 135; 5.9 2.1 7.62 1.43

It will be seen that the layer height of the lower stratum on 23 January is nearly
constant during the period of photographic monitoring (80 minutes), the largest difference in
the penultimate column amounting to 0.6 km. Thicknesses vary by a factor of 2. The former
observation suggests that particles constituting the reflecting stratum originated from well
defined generating sources while the latter result would seem to indicate fluctuations in radar
reflectivity and path attenuation. The position is similar in regard to the higher layer in
Table 2, as far as can be judged from the scanty data.

* In the latter instance, the lowest of three reflecting layers has been omitted here because
its lower boundary, i.e. the innermost as seen on the PPI scan, could not be determined
unambiguously due to transmitter. pulse decay time causing partial receiver paralysis.
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The layer slope is predominantly upward in the downwind direction, at rates from
1:100 to 1:10, in both the January and February cases. It will, however, be seen from
Table 3, that in the latter instance large differences obtain in slope, height and thickness,
especially in regard to the lower echo layer. (The values were determined from PPI data of aerial
sweeps with large vertical tilt, as for example in Fig. 5, and refer to a time span of about one
minute.) With regard to the higher layer, orders of magnitude indicate a phenomenon similar to
that observed on 23 January. :

5. THEORETICAL MODELS OF RADAR PRECIPITATION TRAILS

A full explanation of the phenomenon of an "all-sky" layer echo would require, among
other things, construction of three-dimensional models of trajectory and streamline from discrete
generating sources for ice crystals or snowflakes. However, the formulation of such models
would be very difficult. Furthermore, to apply them to this particular case, sufficiently
frequent observations of crosswind oriented RHI scans are needed in addition to the up- and
down-wind scans. In this connection, the PPI data are of little use because attenuation
renders it difficult to assess ring-shaped echoes that were recorded with only slightly tilted
aerial, i.e. at more distant range.

In what follows, consideration will be restricted to two dimensions, as
in section 4.

) The differential equation for the particle trajectory in an x, z plane (where z is
counted positive downward) is dx/dz = W(z)/v(z), W being the wind component in the x direction and
v the rate of particle descent relative to-the ground. Integrating between the level of the
generating source at depth z, = 0 and an arbitrary depth, i

z
X -x, = [ W@ /v(2)) dz (D)
0 -
For the present purpose it is desirable to derive a more general solution than
eqn. 3(a) below, which had been given by Browne (1952) and Marshall (1953). Let the component of
the vertical shear oW/3z in the x direction be ¢, and the rate of change of the fall speed
3v/3z = n; then the trajectory equation is

3|

X - X,= [(WO - ov/n) 1In (1 + nz/voj - oz) e (2)

To derive the equation governing the pattern of trails from a discrete source”
as seen by a stationary ground radar at any given time, one has to refer to the horizontal

movement of the the source relative to the ground. Taking the rate of movement (W_ ) to be a
linear function of the wind speed at the generating level, wS =€ WO, the pattern equation
becomes .
1 . .
X - x= -= - - .
o - { ((e 1) Wo + cvo/n) In (1 + nz/vo) oz} . (3)

In the simplest case it may be assumed that the source moves with the windspeed at
its level, € = 1, and the fall speed is constant, n =0, i.e. v = const .= v = Vp. Expanding
the logarithmic term

oV, (nz 1 nz? 1 nz?3 ) oz
X %X ==— [+= - = () +7 (=) - ...} +—
o n2 Vo 2V, 3V, n
and disregarding higher order terms
1 oz :
- =5 o ...(3a
X-X =% % (6 <0) (3a)
o
*  Strictly, this is a small precipitation forming element to be treated as a point. In

the envisaged three-dimensional case it would be a line source perpendicular to the
wind. i : :






