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ABSTRACT

The southerly buster is a particularly abrupt form
of cold front which occurs frequently in the
coastal regions of New South Wales, mainly in the
spring and summer. Observational evidence
indicates that it is associated with the
deformation of a cold front caused by its
interaction with the Great Dividing Range. a
simple dynamical model of this phenomenon is
developed, and it is proposed that the southerly
buster is essentially a coastally trapped gravity
current, held against the mountains by the
Coriolis force and in transverse geostrophic
balance. The available observations generally
support this theory, although the variability from
case to case indicates that more detailed
observations are necessary for a complete
understanding.

INTRODUCTION

The southerly buster (or burster) is the colloquial name given to
strong southerly wind changes in the coastal regions of New South
Wales. It is generally associated with the passage of a cold front
across southeastern Australia, and occurs about 32 times each year
with varying intensity, most commonly in the spring and summer; the
number of intense cases (wind gusts in excess of 40 knots near ground
level) averages about three per year. 1In its stronger forms it is
often characterised by a spectacular roll cloud perpendicular to the
coast, which appears from the south and coincides with the wind change
and an abrupt and substantial fall in temperature. It is an important
feature of weather in the Sydney area, particularly for yachtsmen. In
spite of its significance the quantity of literature on the subject is
very small, the only articles primarily devoted to southerly busters
being the essay by Hunt (1894), the paper by Gentilli (1969), and a
recent study by Colquhoun (1980). The aims of this paper are to
provide a simple dynamical explanation for this phenomenon within the
general context of the passage of a cold front across southeast
Australia, and to compare the predictions of this model with available
observations.

The southerly buster is clearly a mesoscale phenomenon,
developing on the time scale of about one day. Oonsequently, the
details of its behaviour are not readily observed by the regular
synoptic network. Observations over the sea in this area are scanty
and irregular and, for any particular case, a partial description of
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it must be pieced together using data from various sources. The
progress of a typical cold front across southern Australia has been
described by Gentilli (1969), who discussed the contrast between the
mild form taken by the front in Western Australia and South Australia
and its (often) dramatic 'buster' form on the New South Wales coast.
The structure of the cold front, and the effect of the sea breeze on
its velocity and other properties in the South Australian and
Victorian region, has been studied in detail by Berson (1958), Berson,
Reid and Troup (1957, 1959), and Clarke (1961). After the front
passes over central Victoria it encounters the mountain range in the
southeast of the continent (see Fig. 1). If the front has a
northwest-southeast orientation, which is quite common, it impinges on
this range perpendicularly. Under these circumstances the front
progressively develops an S-shaped bend, speeding up on the eastern
side of the ranges and slowing down on the western side. To the
author's knowledge there exists no documented statistical study of
this behaviour, but Cassidy (1945), on the basis of forecasting
experience, states that '... the front will always accelerate up the
New South Wales coast, trailing back over the highlands. This is an
observational fact ... and occurs without exception'. The region over
which the southerly busters have been observed to pass extends up the
New South Wales coast from Gabo Island to just north of Port Macquarie
(lat. 32°S) (RAAF 1944). They rarely pass beyond this northern limit,
and when they do they are usually reinforced by the presence of a
cyclonic disturbance off the north coast of New South Wales.
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Fig. 1 The topography of southeastern Australia (1000 ft = 304.8 m).
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Figure 2 shows an example on 24-25 October 1972 of the passage of
a front across southeast Australia which, it is felt, is not atypical.
The mean sea level (MSL) charts show the development of the S-shaped
deformation of the front clearly, and that it occurs in the vicinity
of the mountain range. The upper level (500 mb) chart shows an
approximately uniform westerly air stream over the region, so that the
deformation in the MSL chart is apparently a localised low-~level
phenomenon. Wind records showing the arrival of this front at Sydney
are given in Fig. 3. Note that the arrival coincides with a sustained
change in wind direction to southerly, which is the direction from
which the front has come.

One uncertain aspect of the observations is the width of the
southerly coastal jet, owing to the almost complete absence of useful
observations over the sea. Attempts have been made to infer this
width from satellite photographs of clouds. In most cases for
southerly busters, events near ground level are hidden by higher level
cloud, but one case for a mild southerly buster on 9 February 1977 was
not obscured, and a photograph in the visible band is shown in Fig. 4
with the corresponding MSL chart. A cloud band approximately
coinciding with the position of the front may be seen off the New
South Wales coast. The same feature does not appear in the infrared
photograph taken at the same time, indicating that this is low-level
cloud. The shape of the cloud band suggests a coastal jet structure
with a width of about 150 km.

It seems probable that events similar to those described here
also occur in a number of other locations. According to Taljaard
(1972), fronts impinging on the land mass of southern Africa are very
similar in character to those in the Australian region, and
observations described by Rainey (1947) show a coastal jet leading a
front on the eastern side of the Drakensburg range. This is the same
region in which the coastally-trapped waves described by Gill (1977)
have been observed and, as shown below, these have some properties in
common with the southerly buster.

In New Zealand, S-shaped deformation of the pressure field over
the South Island similar to that shown in Fig. 2 is commonly observed
and has been plotted on synoptic weather charts as a matter of routine
for many years, following Hutchings (1944). Fronts are also observed
to become deformed in a similar fashion, after impinging on the South
Island from the west.

In South America, fronts frequently impinge on the southern coast
of Chile (Met. Reports No. 1 1948) and progress northwards on both
sides of the Andes, sometimes producing the 'pampero' of Argentina.
There appear to be no documented detailed observations of the shape of
the fronts although it is stated that '... the passage of a front at
low levels is not necessarily simultaneous on the two sides of the
mountains'. Some observations of the 'pampero secco' near Montevideo
have been described by Georgi (1936) with some splendid photographs,
and many features in common with the southerly buster are apparent.

A northern hemisphere phenomencon that appears to have much in
common with the southerly buster is the southward moving 'back=-door’
cold front on the eastern side of the Alleghenies in the northeastern
United States of America (Bosart, Pagnotti and Lettau 1973).
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Fig-2(a) A sequence of MSL synoptic charts for 24—25 October 1972, showing the development
of a southerly buster on a cold front.
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"Fig. 2(b) A 500mb chart at the same time as (a). These charts were drawn and provided

by lan Mason of the Canberra Regional Office, Bureau of Meteorology.
Times shown are GMT, which is 10 hours béhind local time.
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Fig. 3 Dines anemograph chart at Sydney Airport on 25 October 1972: the case of Fig. 2. Time shown
here is focal time, with the upper curve showing wind speed and the lower curve showing wind
direction. Frontal passage occurs at 2300 GMT. (1 knot = 0.515m/s).
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The plan of the paper is as follows: below a simple model of a
cold front encountering a long thin mountain range is developed; some
details arising from the model are compared with available
observations in 'Comparisons with Observations' and the conclusions
are summarised in 'Oonclusions and Discussion'.

A MODEL OF A FRONT ENCOUNTERING A MOUNTAINOUS RIDGE

In this section I have developed a simple analytical model of a front
encountering a mountainous ridge that is oriented parallel to the
direction of motion of the front. The model involves a number of
approximations, and the object here is not to attempt a full
description of the phenomenon but to develop a simple dynamical basis
for it so that the most important features may be understood in
physical terms. As shown below, the model is generally consistent
with the observations described in the 'Introduction' and 'Comparison
with Observations', and I believe that it contains the essence of the
phenomenon.

onsider a system consisting of a dry incompressible two-layer
fluid, in which the front is regarded as a perfect discontinuity in
density, across which no mass flow occurs. Frictional coupling
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between the two layers and vertical accelerations are assumed to be
negligible. Details of frontal structure such as cross-frontal
circulation (e.g. Orlanski and Ross 1977) will be ignored in this
model. Egquations governing the structure of fronts with these
assunptions have been derived by Ball (1960), and I have used his
equations and notation, in slightly modified form, as a starting
point.

Assume that, initially, the cold front is advancing at constant
speed ¢ into stationary air, and choose orthogonal axes x, y, z with
the y axis along the front, x increasing in the direction of motion,
and z increasing vertically upwards. If u and v are the x and y
components of the wind in the cold air and h is the height of the
frontal inversion (i.e. depth of cold air) the equation of continuity
is

dh ) 6!
— + — (h1u) + — (h¥) = 0, e 1
ot ox dy
where
1 h
@, ¥ == [ (u, v) dz, ees 2
h o

and the equations of motion, integrated through the depth of the cold
air, may be expressed in the form

4] 0 ) d d3h 1
— (hd) + — (hu®) + — (hu¥) = £h ¥ - g*h — - — Fy,
ot ox oy dx

0 _ 0 _ ) ? _ dh
3F (hv) + 3% (hav) + 37 (hv<) -fh @ - g*h Ay F
relative to axes moving with the 'nose' of the front. Here f is the
Coriolis parameter (negative in the southern hemisphere),

Lo
g* = p , g is the reduced gravity with p the cold air density and Ap
the density difference, and F,, F, are, respectively, the x and y
components of the frictional surface stress. Fls F2 may be written

(Fll Fz) = pA (a, v), eee 4

where A is a positive function of the total fluid speed (in the cold
air). Following Ball, who presents evidence that turbulent Reynolds
stresses are negligible in this system, we may replace GT, uv by 52,
u v etc.
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Ball considers the equilibrium shapes of moving fronts for
various conditions. For the present case of a cold anafront moving
into stationary fluid at constant speed ¢, h initially increases
parabolically and has a general form similar to that illustrated in
Fige 5. The aim is to describe what happens when a front of this
nature encounters a mountain range, oriented (approximately) along the
X-axis.

The nature of the flow which results when a single lower layer
(flowing under a deep guiescent upper layer) encounters an obstacle is
a classical problem in hydraulics. With the assumptions that the flow
is non-rotating and hydrostatic, the problem has been studied by
Houghton and Kasahara (1968) and Iong (1970, 1974), using a model
based on momentun considerations with upstream jumps, and critical
conditions (i.e. local Froude number equals unity) applied over the
crest of the obstacle. Their results are summarised in Baines and
Davies (1980) and are plotted here in Fig. 6, where the nature of the
resulting flow is specified for various values of the parameters

F, = Yo ,D=:—°. vee S

Yg*b

Here b is the maximum height of the obstacle and ;6, h, denote the
velocity and height of the initial undisturbed stream. Note that Fy,
differs from the usual Froude number in that it contains b rather than
h.

The diagram is divided into regions where the flow is completely
blocked, partially blocked, subcritical or supercritical (both
implying no blocking), and a region where the flow may be either
partially blocked or supercritical. In the last region, the state
obtained probably depends on the history of the flow. For partially
blocked cases, the fraction of the incident mass flux which is blocked
(i.e. reflected) is denoted by the parameter r. Iong (loc. cit) has
verified some regions of the lower part of the diagram experimentally.

The same problem in a rotating system has not yet been treated in
detail. However, in a typical case the time taken for (unblocked)
frontal air to cross the Australian Alps is of the order of a few
hours, which is considerably less than the inertial period. Hence it
is reasonable to expect that the flow will be controlled by
approximately the same critical condition over the crest of the
obstacle as in the non-rotating case, although the effects of rotation
are important for the overall pattern of the flow. This implies that
the effects of rotation on the degree of blocking will be small, and
for present purposes it is assumed that the blocking is given by the
results displayed in Fig.- 6. For a frontal profile such as that
displayed in Fig. 5, the blocked mass flux as a function of x may be
obtained by tracing the curve in Fig. 6 defined by v,(x) and
hy(x) for given b. This blocked mass flux is initially zero at x =
0, increases rapidly as x decreases, and again becomes zero at a
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sufficiently large distance behind the nose. The latter may occur
because h, increases to the point where the flow is super or
subcritical, or alternatively because Go vanishes, where the

interface becomes horizontal. As may be seen from Fig. 6, much of the
blocked mass flux will arise from situations where the flow is only
partially blocked.

In the present model we replace the mountain range by a vertical
porous barrier, at which boundary conditions in terms of the normal
flux through the barrier are prescribed by the hydraulic blocking
criteria. In other words, the flux of lower-layer fluid through the
barrier is effectively determined by the hydraulic criterion of
critical flow over the crest of the obstacle or mountain range. This
procedure implies the assumption that the mountain range is wide
enough for the hydrostatic assumption to be applicable, but not so
wide that it significantly affects the remainder of the flow.
Specifically, the latter requires that the half-width of the range be
somewhat smaller than the Rossby deformation radius . These criteria
are approximately satisfied for the Great Dividing Range. With this
boundary condition we now proceed to determine the behaviour of the
front on each side of the barrier.

For the purpose of describing the effect of the barrier on the
flow we will ignore the frictional terms. These terms are obviously
needed for a detailed description of the phenomenon, but they are not
expected to have much effect on its general character. We will also
omit the non-linear advective terms (hu )x etc., which are formally
of the same order as the other terms, but we argue later that they
will not change the general character of the flow field (see
Appendix). In the undisturbed state (denoted by the suffix zero), the
equations describing the front are

T, = o, V.= g* o

o vee 6

1F
£ ox fh
o]

h
1d
Hence ¥, v E_ ©, and a suitable scaling for the complete equations

f 09x

is to take }fl‘l as the unit of time, b = maximum height of obstacle
(assumed constant along its length) as the unit of vertical
displacement, A = (g*b) 1/2 / fl as the unit of horizontal distance,
and (g*b) 172 as the unit of horizontal velocity. We therefore define

the dimensionless variables h, x, y, t, etc. by
AV VI VIR

(x, ¥) =M (x, ¥), t = |£| £, h =bh, (@, ¥) = Yg*b (u, V), ceu 7
LAV Y] Y] 1Y) NN
we also write

H=1/2h?2, U=hu, V=nhv. ve. 8
ny ny

v
RAYAMY) v






