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Studies in the northern hemisphere have highlighted the mesoscale characteristics of
fronts and the importance of the mesoscale in formulating short-term forecasts of less
than 12 hours. In the southern hemisphere, satellite meteorology has provided new tools
that are able to probe the mesoscale phenomena, and the introduction of interactive
computer systems is likely to enhance these facilities both operationally and as research
tools. Research into cold fronts and associated mesoscale phenomena in Australia since
1978 has included an observational and theoretical study of the southerly buster, a case
study of the application of GMS imagery over extratropical Australia to determine the
advantage of frequent imagery, and the development of a nested movable fine mesh
numerical model that is capable of resolving mesoscale phenomena. In 1980 —81 Phases
I and II of the Cold Fronts Research Programme took place at Mount Gambier in
South Australia. The special data sets from Phases I and 11 have stimulated research
into the mesoscale aspects of fronts and into the understanding of the interaction of
mesoscale processes with synoptic-scale processes. An important feature of the Cold
Fronts Research Programme is that it has focused the resources of the Bureau of
Meteorology, CSIRO and several universities on a single meteorological problem.

Introduction

Research into the characteristics and behaviour of
cold fronts and associated mesoscale phenomena in
the Australian region is not without history.
Nevertheless, from the point of view of both the
operational forecaster and the atmospheric scientist
there remain many unsolved problems. Taljaard et
al. (1961) have given a comprehensive review of
practical and theoretical studies on frontal analysis
in the period up to 1960. They formulated a
definition of an ideal front upon which to base
frontal analyses on southern hemisphere weather
maps during the International Geophysical Year. A
front was defined as a narrow sloping layer with a
vertical extent of at least 3 km, across which
temperature changes sharply in the horizontal
direction by an average of at least 3°C in subtropical
regions, and 4°C to 5°C in mid-latitude and polar
regions. In the subtropical regions (25°—40°S) it
was concluded that warm fronts were rare but cold
fronts were well developed, particularly in winter-
time. More recently Taljaard (1972) has reviewed
fronts and frontal analysis in the context of synoptic
meteorology in the southern hemisphere.

In the Australian region in the period from 1953
to 1959 there were special observations made to
describe in detail the surface features of the
‘summer-time cool change’ (Berson et al. 1957,
1959). The term change was used to describe a

sequence of events that had the appearance of a
front and included both cold fronts and sea breeze
fronts. The observational studies at this time were
complemented by the theoretical work of Ball
(1960). In retrospect this work was pioneering, as
the studies were one of the earliest attempts to look
at the mesoscale structure of fronts. Unfortunately
the limited upper air network in the Australian
region, and the absence of satellite information,
particularly over the Southern Ocean, limited the
correlation of the mesoscale observations with the
developing synoptic situation.

In the last two decades research into cold fronts in
the Australian region has concentrated on the
interpretation of satellite cloud imagery and its
application to forecasting cyclogenesis in the
Southern Ocean (e.g. Streten and Troup 1973;
Guymer 1978; Hill 1979). By contrast, northern
hemisphere fronts have been studied extensively
both theoretically and observationally. Recent
studies have highlighted the mesoscale
characteristics of fronts and the importance of the
mesoscale in formulating short-term forecasts of
less than 12 hours. In a recent review on local
weather forecasting, Browning (1980) pointed out
that while operational forecasters do not at present
have adequate facilities either to identify or track
mesoscale weather systems or predict their
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evolution, good progress is being made towards
remedying this situation. Progress will come as a
result of new programs that exploit and integrate
better weather observations from satellites and
radar, through improved data processing and
analysis, and the development of more detailed
numerical prediction models.

The impetus for research into the nature of cold
fronts was re-kindled recently amongst the
Australian meteorological community by two
initiatives. The first was a two-day workshop on
fronts sponsored by the Australian Branch of the
Royal Meteorological Society (1977) and the second
was the report of an ad hoc working group on the
‘Progress and Prospects of Weather Forecasting’
which recommended, inter alia, that there be a
comprehensive study of cold fronts as they affect
southeastern Australia.

The current research initiatives into cold fronts
and associated mesoscale phenomena include a
special observational program, forward-looking
satellite programs, the development of data
processing and assimilation techniques, numerical
modelling and theoretical studies. The long-term
challenge is to blend these facets into workable
systems that will improve forecasting, particularly
in local areas, on the time scale of less than 24
hours.

The aim of this paper is to give a brief overview of
recent and current research into cold fronts and
associated mesoscale phenomena in Australia and
to point to some of the directions in which this
research may lead in the 1980s.

Synoptic and mesoscale models of cold
fronts

Meaningful research into cold fronts requires the
development of theoretical and conceptual models.
Analysis is concerned with the fitting of all the
available observational data to obtain the most
probable structure which reflects the scales inherent
in the observations. If there are insufficient data to
precisely define the scales of motion being analysed,
conceptual models are used to interpolate across the
data voids. Theoretical models are concerned with
mathematically formulating a process in a manner
that is consistent with some physical hypothesis. In
practice these two types of models complement each
other. The analysis procedures should identify
important processes that the theory needs to model,
while theoretical models should suggest more
appropriate ways of analysing the data. Numerical
models bring together a blending of analysis
techniques, theoretical insight, and numerical
techniques. Therefore it is appropriate to briefly
review the conceptual and physical models upon
which the current understanding of cold fronts is
based.

Synoptic models

The formation of fronts, in synoptic analysis, is
viewed as an interactive process between the
dynamically induced circulation and the
corresponding thermal changes due to temperature
advection and vertical motion (Guymer 1979). The
synoptic scale model is depicted as follows.

A wind maximum in the polar front jet rounding
the apex of the upper trough induces cyclogenesis by
the differential divergence associated with vorticity
advection. The result of the advection of cold air
sweeping around the western flank of the developing
cyclone at lower levels and the warm advection
ahead of the depression is to sharpen the baroclinic
zone and make it stand more vertically and intersect
the earth’s surface. At the same time an increase in
the jet will occur through the thermal wind
relationship. Under these conditions, cyclogenesis
and surface frontogenesis occur simultaneously, and
the front should be reflected in the surface
observations.

Guymer (1979) notes that in applying the
northern hemisphere model to the southern
hemisphere there are observational features peculiar
to the region. In the southern hemisphere the polar
front jet tends to be concentrated in rapid short
impulses and there is no tendency for a concentrated
ribbon of baroclinicity to exist around the long wave
trough. For this reason the ‘cyclone’ family of the
northern hemisphere concept rarely appears
resulting in what has been sometimes referred to as
the ‘fence post’ style of frontal analysis. In more
recent times this style of analysis has been modified
to some extent by satellite analysis.

Nevertheless, Guymer (1979) concludes that the
analysis model sets down criteria for locating fronts
such that discontinuities in temperature, pressure
and wind fields are kinematically consistent with the
large-scale synoptic fields. However, it should be
noted that the frontal representation and symbolism
entered on the surface chart indicate the three-
dimensional process in the lower troposphere.

Hill (1979) questions the application of the
conceptual model of the polar front and its
depression families to the Australasian region. He
suggests that the concept of the precipitating cloud
system as a large-scale ascending motion regime
accompanying a field of convergence is valid and
fundamental. Further, the thermal structure is not
simply related; cold fronts may easily be relatively
shallow features not necessarily in close proximity
to the major weather system. That is, there are two
systems acting concurrently, namely, the system
belonging to the polar front jet which occupies the
lowest five kilometres or so and the large-scale
ascending motion system associated with the
subtropical jet.

The advances made in developing theoretical
models of frontogenesis in recent years have been
reviewed by Smith (1978). Two-dimensional models
of frontogenesis (Hoskins 1971, 1972, 1974,
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Hoskins and Bretherton 1972) have aided the
understanding of the non-linear formation of strong
surface fronts in prescribed large-scale geostrophic
environments. These solutions predicted the
formation of a cold front between the warm
poleward moving air and the cold equatorward
moving air as well as predicting the development of
a temperature discontinuity at the surface in a finite
time. However, these models do not distinguish
dynamically between cold and warm fronts. More
recently Hoskins (1976) and Hoskins and West
(1979) have shown how simple baroclinic waves may
exhibit either a primary cold front or a primary
warm front. Hoskins and Heckley (1981) found that
many of the differences between cold and warm
fronts are a consequence of the forward tilt of the
temperature wave with height.

Mesoscale models of cold fronts

Case studies of cold fronts (e.g. Browning et al.
1975; Hobbs at al. 1980) have shown that while cold
fronts are complex they exhibit common
characteristics. In particular the mesoscale wind
field within 100 km of the front has a profound
effect on the rainfall distribution. Equally important
is the moisture distribution and the presence or
otherwise of middle-level instability. The rain
generated in the region of a surface cold front is
relatively uninfluenced by orography whereas ahead
of the surface cold front the rain is strongly
influenced by orography.

At a recent workshop on the mesoscale
interaction with cloud processes, Golden and Sartor
(1978) concluded that the University of Washington
CYCLES project showed that the cyclonic storms in
the region of 45°N to SO°N had the following
mesoscale structure. Precipitation is always
associated with cloud systems containing convective
elements. Cold frontal bands are deep with bases in
the mixed layer. Clouds with ice particle
concentrations less than I per litre have never been
observed. Stratiform clouds associated with warm
fronts produce rainfall values of 1 mm h~!, the
clouds being completely glaciated above the 0°C
level. Mesoscale observations of the microphysical
properties of cyclonic storms show that
concentrations of 25 per litre of ice particles less
than 100 um in diameter are frequently observed in
the lower portion of clouds. This cannot be
explained by sedimentation or by ice nucleus
concentrations and may be due to ice multiplication.
Generating cells, embedded in precipitating
stratiform cloud with updraughts of 40 cm s-1, have
been found. Some liquid water (<0.25 g m=-J) is
found in the generating cells and these may serve as
‘cloud seeders’. Particle growth rates are two or
three times greater in generating cells than in the
surrounding stratiform precipitation. Warm sector
rain bands contain both water and ice, and growth
by riming is more common than in warm frontal
bands. Older portions of bands contain the most ice

and because of the surface wind shift and decrease in
wet bulb potential temperature they are similar to
squall lines. Cold frontal bands have updraughts of 2
to 3 m s~! and liquid water contents of 0.3—1 gm~-3.
In the updraughts ice concentrations are lower in the
core and they are higher near the top and on the
periphery. Riming and aggregation are common in
the region of highest precipitation rates. As in
hailstorms and squall lines, new convective clouds
develop ahead of leading edges of cold frontal
bands.

Numerical models

Numerical models which combine physical
understanding and careful data analysis have proved
to be a powerful tool in the study of mesoscale
phenomena. Three-dimensional primitive equation
models (e.g. Pielke 1974; Tapp and White 1975) are
capable of representing the effects of coastlines of a
complex shape in the development of sea breezes
while the dynamical structure of squall lines and
severe storms has been simulated successfully (e.g.
Miller 1978; Klemp and Wilhelmson 1978;
Schlesinger 1978).

It has been only recently that numerical forecast
models of the atmosphere have been applied
successfully to the study of fronts. In Australia the
numerical models currently available for
operational forecasting do not have sufficient
resolution to represent the mesoscale details of
fronts. The most extensive assessment of the
capability of these models has been carried out using
the British Meteorological Office ten-level fine mesh
model (100-km grid spacing). The general
conclusions are that the model maintains frontal
regions but the predicted eastward movement of the
system is too slow and the predicted rainfall rates
and distribution lack important detail (Gadd 1976).
Seaman and Leslie (1978) have suggested that in the
Australian region improved initial observational
data and increased model resolution are the factors
most likely to lead to improved numerical weather
prediction.

Research into cold fronts and
associated mesoscale phenomena in
Australia since 1978

Southerly buster

The southerly buster (or southerly burster) is a
strong squally change that occurs over New South
Wales and the south and central coastal regions. It
is almost exclusively a phenomenon of the warm
months when anticyclones move along paths south
of the continent. At this time of the year fronts are
shallow and move up the New South Wales central
coast rather than crossing the mountains.
Colquhoun (1980) defines the southerly buster as a
squally southerly not associated with a major
depression over the Tasman Sea at New South
Wales latitudes with gusts to at least 30 knots soon
after its passage.
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These gusty southerly changes are particularly
hazardous for those engaged in boating activities
and aviation, as strong gusts occur soon after the
change. Many do not have cloud directly associated
with them and accordingly there may be few visible
signs of their approach. Colquhoun (1980) made a
study of seventeen cases of southerly busters in
which he classified them according to the area of
origin of the leading front. He found the southerly
changes to have diverse origins. They were rarely
Southern Ocean fronts that intensified when they
reached the New South Wales coast but more
frequently developed ahead of a major Southern
Ocean front. Frontogenesis was invariably observed
along the east Gippsland coast and on the New
South Wales coast. In some cases the marked
temperature contrast was confined to the immediate
vicinity of the coast while on other occasions the
temperature difference was accentuated as maritime
air behind the front was advected inland. A common
way for these fronts to evolve or develop was
through mesoscale cyclogenesis.

Baines (1980) developed a simple dynamical
model of a density current encountering a mountain
range and found this yielded a plausible dynamical
description of the southerly buster. In the model a
moving cold front is represented by a two-layered
system influenced by frictional, Coriolis and
pressure forces. This implies a current in the cold air
directed parallel to the frontal line. When the front
encounters a mountain range orientated
approximately perpendicular to it, this cold air
current is wholly or partially blocked, and under the
influence of the Coriolis force the nose of the front
deforms in an S-shaped pattern, forming a bulge on
the front on the upstream side of the range (Fig. 1).
This bulge steadily lengthens to become a ‘coastally
trapped’ current held against the mountain in
transverse geostrophic balance but with motion in
the longitudinal direction not affected by rotation.

Gauntlett (1981) has studied the southerly buster
using a nested Movable Fine Mesh (MFM) model.
The model calculations tend to support the physical
mechanism proposed by Baines (1980) and
demonstrate the potential of this model for
diagnostic studies and prediction of this type of
severe weather disturbance.

Cold Fronts Research Programme

The concept of a Cold Fronts Research Programme
was proposed by the Chief of the CSIRO Division of
Atmospheric Physics to the Director of the Bureau
of Meteorology in late 1978-early 1979. Following a
discussion meeting involving both research and
forecasting groups a program to study cold fronts
was proposed and accepted by all the major
meteorological research organisations in Australia
comprising the Bureau of Meteorology, CSIRO
Division of Atmospheric Physics, CSIRO Division
of Cloud Physics, Australian Numerical
Meteorology Research Centre, University of

Fig. 1(a) A simple dynamical model of a density current
encountering a mountain range (Baines 1980).
The y-axis denotes the position of the nose of the
undisturbed front. A line PQRS of constant
elevation shows the deformation caused by the
barrier. This line is not completely anti-
symmetric about the barrier because of the
incomplete blocking of the frontal air behind the
nose, as the front deepens. The light arrows
denote cold airflow and the heavy arrows near Q
(and R) denote forward (backward) motion of the
nose of the coastal current. Vertical profiles of
the cold air-warm air boundary are given for the
coastal current of FE and the main front at AE
and CD; the last’ two are identical and are the
same as the undisturbed front.
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Fig. 1(b) Verifying mean sea level analysis for MFM
model for 1100 GMT on 25 October 1972.
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Fig. 1(c) 24-hour prognosis valid for 1100 GMT on 25
October 1972 for MFM model.
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~Melbourne, Monash -University -and .Elinders

University.

The philosophy in planning the Cold Fronts
Research Programme has been to regard the
problem as involving the interaction between the
mesoscale elements of the frontal system and the
associated synoptic scale upper trough. Because
front-trough systems are recognised to be of such a
diverse and complex nature, the observational
phases of the Cold Fronts Research Programme are
confined to the study of summer-time frontal
systems as they enter the southeast of South
Australia and the southwest of Victoria. These
systems pose a difficult forecasting problem as
errors of only 2 to 3 hours in the forecast time of
passage can result in temperature errors of >10°C.

The observational studies are concentrated in the
Mount Gambier area where fronts should be less
influenced by topography than further to the east.
Further, Mount Gambier is logistically favourable
because there is a Bureau of Meteorology upper air
station with weather watch radar facilities and the
town has adequate airport facilities to support a
CSIRO research aircraft.

The overall objectives of the Cold Fronts
Research Programme are as follows:

(1) To examine the three-dimensional dynamic and
thermodynamic structure and evolution of
selected summer-time frontal systems as they
enter southeastern Australia; to study the effects
of the ocean-land transition in terms of abrupt
changes in surface heating and friction in the
absence of topographical effects.

(2) To examine the relationship between the large-
scale features of the upper troposphere (e.g. jet
streaks, troughs) and the frontal system in the
lower troposphere.

(3) To provide a data base for initialisation and
verification of numerical models which have a
grid mesh capable of explicitly representing
frontal scale features.

The study group that proposed these objectives was

strongly influenced by a questionnaire prepared by

the Victorian Regional Forecasting Centre and
circulated to the Bureau’s southern regions.

The observational study comprises three phases,
each of approximately 30 days. Phase I took place
in November/December 1980 and Phase II in
November/December 1981. Phase III is proposed
to take place after the analyses of Phases I and 11
have been completed. This will not be before the
summer of 1983—84.

A preliminary analysis of Phase I revealed facets
of fronts over southeastern Australia that have
received little -attention. One discovery of
importance observed during one event concerns the
observation that pressure jump lines may propagate
at speeds in excess of the wind component normal to
them. The wave associated with the pressure jump
line was some 300 mb deep and was discernible in
both the thermodynamic and streamline analyses

~ (Figs 2 -and 3y (Downey et al."1982). The vertical

time cross-sections derived from the upper air
ascents show that the vertical branches of the
circulation extend to the middle troposphere and
that the cloud features are confined above 700 mb.

Another feature observed during Phase I was the
existence of a warm front over Bass Strait. This
feature is seldom analysed over the Australian
region. '

The third feature to be noted is one of the most
fundamental in that it relates to the basic problem of
defining a front. In two of the events no fewer than
three ‘lines of change’ were observed, whereas in the
last two events no ‘surface fronts’ were observed at
Mount Gambier. Experience with these latter
observations shows that bands of moist upslide
depicted by satellite imagery, while valuable for
diagnosing general baroclinic activity, are not
necessarily accompanied by a surface ‘change line’.

In evaluating the progress towards the scientific
objectives of Phase I, Clarke et al. (1981) point out
that since an ultimate practical aim of the program
is to improve weather forecasting for the large
population centres of southeastern Australia there is
a need to focus attention on which line passing
through Mount Gambier finally brings the ‘cool
change’ to central Victoria. The observation that
some lines propagate faster than the normal
component of the wind has been noted so far only
under conditions of strong static stability suggesting
that some lines classified as fronts may in reality be
propagating internal bores in the boundary layer
accompanied by a pressure jump and vigorous
motions at their leading edge. Other fronts,
including those that originate as sea breezes, have
the characteristics of density currents propagating
at the speed of some component of the wind normal
to the front. These different characteristics of
frontal movement were addressed with an expanded
surface network in Phase Il and the results are
currently being evaluated.

Satellite observations of mesoscale phenomena

Following the launching of the Japanese
Geostationary Satellite (GMS) in 1978 a case study
was made of the application of GMS imagery over
extratropical Australia (Downey et al. 1979). The
main objectives of the study were to demonstrate the
advantage of temporarily frequent imagery,
particularly in thunderstorm-severe weather
situations, and to examine circumstances where
quantitative information from the infrared (IR)
imagery could be related usefully to rainfall events
detected by radar and conventional raingauge
networks. On the mesoscale, hourly imagery showed
the growth of distinct thunderstorm supercells
highlighting the potential of such imagery in
relatively accurate short-term warnings (1 to 3
hours).

Phase I of the Cold Fronts Research Programme
coincided with the introduction of the direct readout
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Fig. 2 Time cross-section_of the isentropic_structure (°C)
associated with event 1 on 27 November 1980 of
Phase 1 of the Cold Fronts Research Programme
(from Downey et al. 1982). The station model plots
follow the usual format except that pressures shown
are station level values rather than corrected mean
sea level values. The contours inside the box were
derived from the research aircraft while the
remainder of the diagram was constructed from two-
hourly radiosondes released at Mount Gambier.
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of the TIROS operational vertical sounder (TOVS)
data from the TIROS-N and NOAA-6 spacecraft.
The cold pools observed at Mount Gambier, and
shown in Fig. 4, were detected and tracked over the
southern oceans from mesoscale analysis using the
high resolution TOVS data (Kelly et al. 1981). The
success of the TOVS data during the Cold Fronts
Research Programme has led to their routine use by
the National Meteorological Analysis Centre
(NMAC Melbourne) and the Regional Forecast
Centre (Melbourne). Work is currently under way
to incorporate these soundings in a mesoscale
numerical model (Gauntlett 1981).

Future research into cold fronts and
related mesoscale phenomena in
Australia :
The role of mesoscale phenomena in significant
weather events seems certain to ensure an active
ongoing research interest in cold fronts. The Cold
Fronts Research Programme will increase our
understanding of the physical and dynamical
structure of the front-trough system.

The special cold front data sets from Phases I and
IT will facilitate research into the mesoscale aspects
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Fig. 3 Cross;sectional representation of. the relative flow.
normal to the front assuming variations in the
tangential component along the front are negligibly
small (from Downey et al. 1982). The units of the
stream function are mb m s—1, The stippling refers to
the main cloud features as determined from the
radiosonde flights.
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of fronts and into understanding the interaction of
mesoscale processes with synoptic-scale processes.
In developing the field program for Phases I and 11
it was apparent that there was a poor climatology of
cold fronts in the Australian region. In this area
research initiatives will most likely prove to be very
effective.

Within the Bureau of Meteorology cold fronts
research is directed towards solving the perceived
forecasting problems: the diagnosis of the current
frontal position, the forecasting of a new frontal
position at some elapsed time (prognosis) and the
forecasting of the weather at the predicted position.

Studies initiated in the Bureau of Meteorology
since the Cold Fronts Research Programme include
a climatological study of the errors in prognosed
frontal positions, a climatological study of the
movement of analysed fronts, and a projett to study
the causes of major errors in the forecast maximum
temperature at Melbourne. The Phase 1
observational data are being used in a mesoscale
study of the changes in weather along frontal bands.

Improved prognosis of the position of fronts will
be facilitated by improved analysis over the
Southern Ocean. For routine forecasting this
requirement "is only likely to be fulfilled by
information from orbital and geostationary
satellites. The mesoscale network provided by
Phases I and II of the Cold Fronts Research







