Aust. Met. Mag. 37 (1989) 217-229

A synoptic climatological classification of
winter precipitation in Victoria

W.J. Wright
Department of Meteorology, University of Melbourne, Australia*

(Manuscript received December 1987; revised February 1989)

The major synoptic types responsible for Victoria’s winter (June-September)
precipitation are described, and their relative contribution to rainfall in different
geographical areas of the State assessed using a five-station pluviograph network.
Five distinct synoptic types are recognised: (a) cold frontal systems interacting with
cloud masses of low latitude origin (I fronts); (b) frontal systems not interacting with
low latitudes (NI fronts); (c) post-frontal; (d) cold lows; (e) warm lows.

The relative contribution of each type varies substantially around the State: indi-
vidual types tend to be most significant in areas with a relatively good exposure to
low-level winds accompanying the system, while their influence is reduced in areas
leeward of topographical barriers. The majority of rainfall in northern Victoria is
contributed by I fronts, and in eastern Victoria, by cold (cut-off) lows. Rainfall in
southern Victoria has more varied origins but with the exclusively mid-latitude
types, NI fronts and post-frontal, assuming greater significance than elsewhere. In
particular, the post-frontal type becomes important in hilly locations exposed to the
west-southwest. Attempts are made to explain the rainfall distributions associated
with the various synoptic types by drawing analogies with northern hemisphere

field-studies on orographic precipitation modification.

Introduction

Why undertake a synoptic climatological analysis
of Victorian rainfall?

Because Victoria is the site of significant agricul-
tural, water and forestry resources, elucidation of
the synoptic factors controlling the State’s rainfall
and its variations is clearly important. However,
although attempts to understand (and predict)
interannual fluctuations in Victorian rainfall date
back to the early years of this century (e.g. Quayle
1910; Hunt et al. 1913), little attempt was made
until recently to identify specific synoptic or
circulation types producing the rainfall and con-
trolling its variability, much less to quantify these
effects. For example, meteorologists have long
been aware that northern Victorian winter-spring
rainfall is subject to a marked tropical influence,
reflected in strong correlations between rainfall
and Darwin pressure, or the related Southern
Oscillation Index (e.g. Quayle 1929; Nicholls and
Woodcock 1981; McBride and Nicholls 1983).
Yet the few attempts to describe synoptic or cir-
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culation types that might explain this tropical
influence (e.g. Hunt et al. 1913; Lajoie 1980) have
either been in very general terms, or have not con-
sidered interannual variability or links between
synoptic types and broader-scale circulation. This
tropical influence on Victorian rainfall has,
however, recently been comprehensively studied
by Wright (1988a,b).

Similarly, synoptic controls on rainfall and its
variability in southern and eastern Victoria are
virtually undocumented, apart from vague refer-
ences to the dependence of southern Victoria’s
rainfall on the degree of control by rain-bearing
westerlies, and of eastern Victorian rainfall on
‘east coast lows’. Whetton (1988) has recently
related anomalous rainfall in these areas to Aus-
tralian region sea level pressure (SLP) anomaly
patterns, but again was not specific about the
synoptic processes involved.

There is therefore a clear need to describe the
synoptic features responsible for Victoria’s pre-
cipitation and its variability. Accordingly, this
paper presents a synoptic climatology of Vic-
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torian winter rainfall and evaluates the relative
contribution of each synoptic type to rainfall over
the State.

The nature of synoptic climatological studies —
some examples

Synoptic climatological studies, in which climatic
elements such as precipitation are related to
particular synoptic or flow types, are a particu-
larly useful means of analysing causes of rainfall
and its variability and have been employed exten-
sively for this purpose overseas, especially in
Europe and the British Isles. Indeed, Yarnal
(1985) considers that synoptic climatological
methods ‘should be an ideal approach to the study
of regional climatic variability’. For instance,
Lamb’s (1950) seven-type categorisation of sur-
face flow patterns (five based on wind directions,
two on isobaric curvature) is a particularly
well-known synoptic classification scheme which
provided the basis for many subsequent analyses
of rainfall in Britain (e.g. Murray and Lewis 1966;
Perry 1968, 1969; Jones and Kelly 1982) and
Ireland (Houghton and O’Cinneide 1976). Other
British synoptic climatological works have related
rainfall to, among other things, cyclone tracks (e.g.
Thomas 1960) and intensities (Lawrence 1973).

European examples include an analysis by
Flocas (1984) of annual and seasonal frontal
frequencies over south central Europe and the
Mediterranean, while Fraedrich et al. (1986)
compiled statistics on the frequency of, and pre-
cipitation amounts associated with, various
components of mid-latitude cyclones affecting
Berlin. In the United States, synoptic clima-
tological approaches have been used to relate
atmospheric circulation to precipitation over
specific regions by, for instance, Lund (1963) (the
northeastern United States); Barry et al. (1981)
(western United States); and Yarnal (1984, 1985)
(the Pacific northwest). A thorough exposition of
synoptic climatological techniques and their
applications (prior to 1973), based primarily on
northern hemisphere work, has been given by
Barry and Perry (1973).

In the southern hemisphere, most attempts to
analyse rainfall variability using synoptic ap-
proaches have been concentrated near the land
areas of South Africa (e.g. Vowinckel 1955; Tyson
1981, 1984; Dyer 1982; Harrison 1984), New
Zealand (e.g. Kidson 1969; Salinger 1980), and
over various regions of Australia — e.g. Hobbs
(1971) for northeastern New South Wales; Wright
(1974a,b) for southwestern Australia; and Sumner
and Bonell (1986) for northern Queensland. Vari-
ous attempts have been made to describe the
major synoptic, or ‘storm’, types affecting south-
eastern Australia, including Victoria. Among the
older works, Quayle (1910, 1915) classified storm
types affecting Victoria according to their

location of origin, distinguishing between ‘An-
tarctics’ (essentially extratropical systems), and
‘monsoonals’ (depressions or troughs of low lati-
tude origin). However, their influence on Victo-
rian rainfall was described in only a very qualit-
ative fashion. Similarly, Hunt et al. (1913)
described well the synoptic characteristics of
drought and wet years in northern Victoria, but
again only in very general terms. Taylor (1918,
1920) subsequently made some attempt to quan-
tify the relative contributions of major storm
types to Victorian rainfall, finding ‘Antarctics’
(which covered all types of mid-latitude frontal
systems) to be most important, followed by
troughs, then ‘east coast lows’.

Among more recent studies, Derbyshire (1971)
described the precipitation-producing character-
istics of seven storm types affecting southeastern
Australia, and Haslett (1977) related Melbourne
rainfall to certain features of SLP distributions,
fronts and cyclone tracks around latitude 35°S.
Lajoie (1980) investigated the effect of several
synoptic features on rainfall around Horsham
(northwestern Victoria), noting that cold fronts
and depressions proved most effective in produc-
ing heavy rainfall here when coupled with lower
latitudes. Budin (1985) discussed circulation con-
ditions associated with years of heavy and light
snowfall over the Australian Alps. Adopting
a slightly different approach, Wright (1971)
included southeastern Australian data in an at-
tempt to relate Australian rainfall to 500 hPa
circulation, and Ohis (1980) related Australian
rainfall to blocking over various longitude bands,
obtaining reasonably high correlations between
southeastern Australian winter-spring rainfall
and blocking over and east of eastern Australia.

The present study

The present paper describes a simple classifi-
cation system for rain-bearing synoptic types
affecting Victoria and assesses the average contri-
bution of each type to winter rainfall based on the
period 1971-82. The bulk of Victoria’s annual
precipitation is normally received in the winter
half-year (May through October): rainfall varia-
tions are of particular significance during this
period since it is the time when major water
supply areas are replenished, germination and
growth of most important crops takes place, and
the quality and yield of pastures/hay are largely
determined. It was essentially for this reason that
the winter season was selected for this study,
where, following Taljaard (1967), ‘winter’
encompasses the four months June through
September.

The next section describes Victoria’s topo-
graphy and winter rainfall distribution. A network
of pluviograph stations used to asses areal rainfall
variability is then introduced, and the synoptic
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classification scheme and analysis procedure are
described. The following section describes the
contribution of each synoptic type to total rain-
fall, and discusses spatial and within-season vari-
ability. The important role of topography in mod-
ifying rainfall distributions associated with the
various synoptic types is then discussed, and
finally the study’s major results are summarised.

The study area

Topography

Figure 1 shows the topographical distribution of
southeastern Australia and locations of places
mentioned in the text. Victoria’s most important
topographic feature is an east-west range of moun-
tains across the State’s centre (the Great Dividing
Range) which increases from about 500-1000 m
in the west to around 1500 m in the east and acts
as an important climatic divide. Most of north-
western Victoria is topographically featureless
while an extensive plain runs along the southwest
coast. The Grampians are evident as an isolated
outcrop at the far western edge of the Divide,
while in southern Victoria two other relatively
isolated features stand out: the Otway Ranges in
southwestern Victoria and the Strzelecki Ranges
in West Gippsland. Despite reaching elevations of
only 500-700 m these features are nevertheless
important local influences on rainfall (Hunt et al.
1913, pp. 24-25).

Fig.1 Victoria, showing topography, and the location of
pluviograph stations referred to in text. Brack-
eted numbers show the average (1971-82) June to
September rainfall at each station.

v
145€ 150F
MILDURA 2
(99) Y
| N
- ass ° 100 200 5%
I Kilometres %
l (254) o
| WANGARATIA e ()
L o ! TASMAN
) £ ==l 4
| g = SEA
o1 MELBOURNE
i 9y T L]
Geelong e, UBWEY (24spLV Salg SARSFIELD
[ 388 ey S EAST 388
o Gl Gare (2371 2] Over 1000m
Lrzelacki
WEE APROINAR~T(896) S ';: oA g 500 - 1000 m
) |I| 200 - 500m
b 6ASS STRAIT
se 0 - 200m
. "

Winter precipitation

Figure 2 presents Victoria’s mean June to Septem-
ber precipitation. Amounts range from 100-150
mm in the far northwest to 400-600 mm in the
foothills of the northeastern ranges, and up to

1000 mm in alpine areas. In southern and south-
eastern Victoria amounts increase from 250-300
mm on the plains to 400-600 mm on the south-
western Divide. The Otway and Strzelecki
Ranges, well exposed to the west-southwest, stand
out as relatively wet areas, with the former receiv-
ing up to 900 mm. Two areas of markedly reduced
rainfall are evident in southern Victoria; one ex-
tending west from Melbourne to around Geelong,
the other around Sale. In both cases rainfall in
westerly flow is reduced substantially by uplands
to the northwest and southwest (Hunt et al. 1913;
Pittock 1977).

Fig.2 Average winter (June to September) precipitation
(mm) in Victoria, all years.
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The synoptic classification and analy-
sis methods

The contribution made by each of several synop-
tic types to total winter rainfall, and the average
amount per episode, were determined for several
stations representing different climatic regions of
Victoria. This involved identifying the synoptic
type responsible for each winter rainfall episode
in Victoria over the study-period 1971-82, and
evaluating the associated rainfall at each station.
Hourly pluviograph data were used for the latter
purpose as experience showed that very often
individual episodes could not be adequately
delineated without this degree of temporal
resolution.

The pluviograph station network

The pluviograph stations used in assessing the
geographical dependence of rainfall/synoptic-
type relationships are shown in Fig. I (numbers in
brackets represent each station’s average winter
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rainfall between 1971-82). Details of the stations

are as follows: )

(1) Melbourne: Taken as representative of a flat-
land station in southern Victoria. However,
due to its relatively sheltered location down-
wind of hills to the northwest and southwest,
Melbourne’s winter aggregate rainfall of 196
mm is below average for southern Victoria.

(2) Wangaratta: Assumed typical of the northern
and northeastern Victorian plains country.
Winter rainfall amounts to 254 mm.

(3) Mildura: Represents northwestern Victoria;
winter rainfall totals 99 mm. Although some-
what drier than most of the northern and
northwestern Victorian plains country, the
synoptic processes affecting Mildura would be
common to most of this area.

(4) Sarsfield East: Represents eastern Victoria,
long recognised as climatically dissimilar to
the rest of the State. Winter rainfall is moder-
ate, 237 mm.

The first four stations are located in flat
country, and are free of local orographic in-
fluences. Two other stations, with unfortunately
incomplete records, were included to study the
effects of orographic rainfall enhancement in
southern Victoria:

(5) Weeaproinah: An exposed, elevated (540 m
above sea level) station in the Otway Ranges
in southwestern Victoria, taken as represent-
ative of several relatively isolated, hilly areas
in southern Victoria providing close to opti-
mum conditions for rainfall from wintertime
synoptic systems. The difference this makes is
indicated by the winter aggregate of 896 mm,
several times greater than at the other
stations. Although only eight years of data
were available at this station (1974-81),
compared with twelve at the other four,
differences in synoptic-type statistics for
other stations (Melbourne and Wangaratta)
over the periods 1974-81 and 1971-82 were
only very minor. It is assumed the same con-
sistency would apply at Weeaproinah, so that
reasonable comparisons can be made between
this station and the others.

(6) Upwey: Situated at an altitude of 220 m on the
southern side of the 600m Dandenong Ranges
30 km east of Melbourne; data were available
for the period 1971-80. Mean winter rainfall
totals 345 mm, considerably greater than at
Melbourne.

The analysis in this paper is mostly based on
results from the first five stations, with Upwey
being introduced in a later section to investigate
orographic influences within the Port Phillip re-
gion. It would have been instructive to also in-
clude stations representative of the mountainous
regions in northeastern Victoria and exposed low-
level areas of southern Victoria, but data in appro-
priate form were not available for stations in these

regions over the study period. Nevertheless,
recent studies (Wright 1987; Whetton 1988) have
shown that the chief statistical patterns of Vic-
torian rainfall variability are centred in regions
represented by the existing stations; hence the
network described is felt to be sufficient to cap-
ture the significant features of rainfall variability
within Victoria.

The synoptic classification
The synoptic classification scheme employed is
based on the author’s experience of commonly-
observed synoptic types, and as such is sub-
jectively based. An alternative approach would be
to classify synoptic types using objective methods
(e.g. Lund 1963; Kirchhofer 1973; Yarnal 1985),
however, the subjective approach is preferred
here as the synoptic types described are all easily
recognisable on daily synoptic charts and are not
subject to ‘within-type variability’ (i.e. a tendency
for particular types to disappear from one data-
period to the next), an acknowledged problem
with objectively-derived classifications (Yarnal
1985).

The classification consists of essentially five
types:
(1) and (2) The ‘interacting’ and ‘non-interacting’
frontal types (Figs 3 and 4). Most fronts affecting
Victoria are cold frontal systems, which were sub-
divided into so-called ‘interacting’ (I) and ‘non-
interacting’ (NI) fronts. I fronts (Fig. 3) are those
in which cloud masses (at any atmospheric level)
originating in tropical and subtropical latitudes
(i.e. north of 30°S) within the Australian region
are caught up in the circulation of a frontal trough,
causing them to move south or southeastward,
and thereby affect Victoria. In most cases the low
latitude cloud mass, which most frequently takes
the form of a ‘northwest cloudband’, amalgamates
with the original frontal cloudband prior to reach-
ing Victoria, producing an often extensive band of
cloud aligned along and ahead of the surface cold
front (Fig. 3). NI fronts (Fig. 4) are simply those in
which no such ‘interaction’ with lower latitude
cloud masses is observed. The I/NI classification
was made by following each frontal cloudband on
satellite imagery from the time it passed 90°E until
it reached Victoria, and noting whether or not it
interacted with a low latitude cloud system.
Further details of the classification procedure,
and a more complete discussion of the nature and
characteristics of I fronts, along with illustrative
case studies, may be found in Wright (1988a).

The weather accompanying the two types of
front is quite different. NI fronts generally pro-
duce brief rain or showers as the front passes,
more particularly in southern Victoria. Winds
generally tend northwesterly ahead of the front
and west to southwesterly behind it, but some-
times remain west to southwesterly throughout a
front’s period of influence. By contrast, continu-
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ous rain may fall well ahead of surface I fronts
within north to northwesterly winds, producing
heavy totals over and north of the Dividing Range
(Wright 1988a).

Fig. 3 1 frontal system approaching southeastern Aus-
tralia, 27/6/1980. (a) SLP (solid) and 500 hPa
(broken) analyses, 0000 UTC, 27/6/1980;
(b) satellite imagery (for 2100 UTC, 26/6/1980).
Points to note: (1) Although the front is only just
entering western Victoria, rain was already fall-
ing over northern Victoria and central New South
Wales some 400 km ahead of the surface cold
front. Rain also extended well inland towards
central Australia. (2) The well-defined, high
amplitude frontal trough, with pronounced
northwesterly to northerly flow at 500 hPa over
Melbourne. (3) The link with a ‘northwest cloud-
band’ extending back towards the tropical Indian
Ocean.

Fig. 4 NI front affecting Victoria, 1/9/1980. (a) SLP
analysis, 0600 UTC; (b) corresponding satellite
imagery. In this case, a rather strong NI front
has just passed through Melbourne. Note the
absence of cloud links with lower latitudes, and
the confinement of the main frontal cloudband to
southern Victoria.

(3) Post-frontal (Fig. 5). This classification refers
to showery precipitation in unstable westerly to
southerly airstreams, and is quite frequent in Vic-
toria behind significant cold fronts. Substantial
precipitation may occur in hilly areas of southern
Victoria with a southwesterly exposure, but it is
usuaily insignificant in the north. Post-frontal
rainfall is generally increased when an upper-level
trough is located over Victoria, or when cyclogen-
esis over eastern Bass Strait causes strengthening
onshore southwesterly flow. In this analysis post-
frontal precipitation was defined as precipitation
occurring clearly behind an analysed surface cold
front, and was normally easily distinguished from
the frontal rainband by a break of at least one
hour’s duration.






