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,Abstraat‘ Thls paper~covers ma&nJy the
synoptie analysis ‘of the Southern Ocean
from South America to New Zealand from
Decenber 1954 to March 1955,

The pertinent reason for day to
day analysis of the Southern Ocean is the
control of the weather of southern
Australia by the westerlies, Points that
satisfy objectivity are sketched, though
subjectivity, mainly in determining develop-
ment in the present and, occasionally in
post—-analysis, will always be a limiting
factor,

Conclusions from the analysis of
the four month period include the fairly
uniform longitudinal distribution of o
cyclones, the determination that lat, 45°S
has the highest frequency of cyclogenesis,
and an obvious source of polar anti-
cyclogenesis south of the Atlantie Ocean,

Various factors suggest a :
complexlty of the circulation regime that
a uniform surface should not engender,
-More efficient determination of chart
evolution must await the establishment of
complete radio aids over all of the network.

, Lo INTRODUCTION
: To: those in any way associated with the demands of
synoptic meteorology, an attempt at analysis over the region
to the south of AugEralia, which is bounded by reporting
stations on the 70" and 160°E meridians (nearly L,000 miles
apart alang 1atitude 50 S), would be expected tc yield both
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little observationsal detail and.pfacﬁical’advantage.' I%

would be readily imagined that objectivity would be
submerged in a welter of subjective conclusions,

On the other hand, there is no need %o stress
what difficulties lie in the face of the forecaster in
southern Australia without oceanic data., Shipping reports
do not often assisb materially as the chart can already be
extrapolated %o the few degrees south of the continent®
embracing the trade routes, The westerlies dominate the
weather regime of Tasmania iB all seasons, and in wimter
they extend northwards o 30°S, Hence it is necessary %o
probe the westerlies, How the oceanic and antarctic data
can be used to achieve this in some measure is set out
below, - :

Although deily charts (now twice daily) have been
drawn for the adjacent Southern Ocean since the inauguration
of stations at Heard and Macquarie Islands in 1948, the
basis of this repert is the period from December 1954 to
March 1955, Data from Norwegian and Japanese whalers,
South African synoptic data, and once daily charts for
South America were used. Fig, 1 shows the positions of
the land stations and the average distribution of the
whaling ships. ‘

‘2, BASIS OF SOUTHERN OCEAN ANALYSIS

- The biggest econtribution o success in this type
of ansalysis rests with the conception of fronte and air
masses, It is the air mamss boundery that can be detected
moving across the region, and which is projected over the
ocean south of the continent, Along with other features
of the secondary circulation, the fronts are relatively
long-lived; thus, for example, it is not extraordinary
to observe a front passing Cape Leeuwin two or three days
after one has passed Amsterdam Island (or Kerguelen Islend).
They are usually identifiable as one and the same fronb.
This primary datum gives confidence 18 con¥inued projection
of fronts in latitudes higher than 40" S between longitudes
7®gE and 16®QE even when they do not penetrate north of
4O"S, It is true to say that most of the fronts of the
Australian_gggion'have-begun their life history at leas%
by long. 70°E." There are exceptions: mainly resulting
from frontogenesis in the northern fringe of the westerlies,
and as a result of outhursts of Polar air which, if they .
occur between long, hO B and 120°E,; will normally affect ab
least southern Australig. ‘ ' ‘
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The unique position fronts hold in this type of
analysis is confirmed by the classical association of
fronts and depressions in the form of waves, and the more
general recent conclusion of the sufficiency of advection
of large smounts of positive vorticity asbove a surface
front for cyeclogenesis, This intimate associlation between
fronts and low pressure Aevelopment permits delineation on
any partieular chart of areas of possible cyclogenesis,
Because of this, meteoroclogists in scuthern Australia are
alerted toward specific areas of the daily chart rather
than being lef{ suspiclicous of the whole of the adjacend
Southern Ocean as the likely breeding ground of a e¢yclone,

Indirect analysis is basically not so subjective
when it is considered dhat the event sought is one of two,
cyclone or anticyclone, trough or ridge. It is of great
consequence that no third festure can £ill the area between
dwo troughs, i.e., the probability of finding a cyclone or -
trough between two ridges is never less than one, This
fact is applied, also because of other reasons, when for
instance no fronts have passed east of Kerguelen Island for,
say, two days, amd a c¢yclone is stationary Jjust® south of
West Ausﬁra&ia = a ridge, or independent anticyclone, is
drawn at 50°S south of the cyclone, This non-subjective
conclusicn alerts at least the Tasmanian meteorologist to
the possibility of a front entering the State from the
south before it feels the effects of the eyclone,

This fact is essentially derived from the
dispersive nature of the atmosphere, The simple
manifestation ¢f dispersion - a downstream pressure rise
(or f£all) usually follows en upstream pressure fall (or
rise) - is as important a factor in the analysis as the
front-cyclone association, The extension of this concepl
o chain development downstream is more difficult to
determine and apply - however, it is not uncommon for a
stationary upper trough west of Amsterdam Island %o be
associated with cold weather at Marion Island gnd be soon
followed by an upper trough and cold weather in southeast
Australia (Clarke 1954), Although short waves will
camplicate the patterm, it is not VETY often that %hregE :
upperst oughs will be loecated at 40°S between long.. 70
and 18C °

Two other factors which support the practic&bility
of the projggt are the geographical extent of the area %o
be analysed and the geometry of pressure systems, The
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zonal distance between long. 70°E and 180°E is just over one
wave-length for stationary waves in middle latitudes; thus
ideally there are at most two major upper troughs whose
surface features must be resolved, The balance between
synoptic complexity and the extent of the area to be
analysed with sparse data may well be reached here, That
the atmosphere arranges itself in surface features of
relatively large and definite extent is an advantage in
ocean analysis, in that comparatively few systems must be
accounted for, There are upper-and lower limits to the
gsize of systems; anticyclones over an extensive surface
with north-south temperature gradient tend to be elliptic,
and cyclones do not show any affinity for each other when
they are large (Priestley 1948), Their comparatively
extensive dimensions simplify the analysis; for example,
pressure falls due to a cyclone forming or passing near
Macquarie Island can also occur in Tasmania, It means
that already the broadscale features of the chart can be
extrapolated to 508 from Australia,

The foregoing indicates the likelihood of
analysing the completed even®; but developments, which
have small beginnings are always difficult to locate, In
this respect the analysis is not straightforward; it is in
fact a forecast, an anticipation of the most likely
behaviour of a moving system as it traverses the region of
no data, That is the problem which confronts the
meteorologist in day %o day routine, It must be appreciated
that the analysis is never merely historical projection,
although this yields the first approximation to the analysis,
There is always development, In this respect i% is
important not only to recognise development, say, on one
particular front, in low or ridge, but to discern the
broadscale changes, i,e., to appreciate the trend of events,
the probable evolution of the chart over as large an area
as possible b&tween Kerguelen Island and Macguarie Island.
Sub jectivity enters here.

3o GENERAL IMPRESSIONS OF ANALYSIS

The outstanding feature, reprgsented daily, is
the undulating westerly flow between 408 gnd 60°S, Major
troughs intersect lat. 4O S about every 70 longitude, and
continue usually to polar regions, The high latitude
cyclones themselves have the appearance of wheeling eas®-
wards around Antarctica. Some of them possess a
completely circular rotation, but in almost all cases the
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northeriy and sputherly windsireams are limited at gbout
990 millibars when a shallow c¢cl appears between each
cyclone, The relative lowness of pressure between the
cyclones is verified on gli charts, Even when an anti-
cyclone is 8entred at 45°S, westerlies will mot be fourd
south of 65°S (unless there has beem a recent outbreak,
when this might be-the case); instesad the polar trough
will persist with 'é'pressure of about 985 millibars and
higher pressure ‘¢verithe ccnbinend, - Petiterssen (1550) has
shown that the polar ‘space reveals'an export:.of cyclonic
vorticity from the Plateau to its periphery but this is nov
continuous, Only occasionally is there a cyclone with
central pressure below 950 millibars; mosgly there are no
identifiable circular cyclones south of 60°S but rather a
progression of barometric minima in an elongated curving,
but broken, trough in the northern zone of which open and
frontal cyclones develop. Particularly noticeable is the .-
almost total-absenceoat mosg iongitudes of easterlies
between latitudes 45 %0 55°S indicating on the whole thab
the westerly belt is rarely split at high latitudes, That
is, separate polar highs are almost non-existent, and the
polar alr masses traverse the Scuthern Ocean in areas of
relatively high pressure which so0on become attached to the
temperate high pressure belts as southward extending
ridges,

The zone from 5003 to Antarctica is not wholly
a region of castward progression of mature cyclones which
travel great distances before filling in some preferred
area, It is a region of both growth and dgcay = of growth
in that as many new cyclones form around 50°S as in the low
latitude westerlies and temperate region troughs: of decay,
in that the general eastward movemen®¥ is merely the
integration of small contributions of individual cyclones,
€.8o9 it is rare for a cyeclone to be identifiable as passing
from the longitude of Kerguelen Island to that of Macquarie
ISlalld.o

Of much longer persistence is the frontal trough
which, as a cyclone slows and £ills, may move ahead and
away from it without any bendency to frgntolyseo On these
occasions a new cyclone forms (circa 50°S) as an open _
depression at what is now the furthest southern extension
of the front, Moving away from its parend intc higher
latitudes the new ¢yclone graduslly assumes a circular
character, The eastward propagation of a disturbance in
whick frontogenesis and cyclogenesis are maintained is
often preceded by anticyclogenesis %0 the immediate west of
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 the front. This general characteristic appears well
»-developed eastward of Kerguelen Island. When it occurs

out this- proneunced_ant;cyclogen351s, (when_new gyclones
egd to form~further*aerth), it -soon-moves--southeast to
65 S, It iswthe~low~pressurewcounterpart<of-the~frequently
observed -sequence in the Indian Oc¢ean;where a new anti-
cyclone: emergesg to the east out of a larger system as a
: gradual procees. v . SUUEIEN

, The unifogmi d éevelopment of the-anti-
cyclonic belt at 307 to h S is-as -pemarkable -as -the
persistence -of -the low pressure- trough around -Antarctica,
The- polar front is mestly contained -in the-westerlies,  and
only: at faisly long-spatial intervals- dees -1t penetrate -
north of L4O™S The -anticyclonic -axis-is--almost always
-east-west, the ridges-which may develop in -high latitudes
generally do -not disturb the orientation but are -socon
absorbed in the-sub=tropical belt;. sxHigh- latitude anti=
cyclogenesis-is typical of two regions, -viz,, the far south
of ‘South Africa -where there: is:. a-tendency for the- develop-
ment  and -rapid migration of polar. anticyclones, and -south’
of the- Tasman Sea where often persistent warm anticyclones
split the upper westerly belt. .

T Ridges extendlng north rrom.Antarctlca are- weak-
orten it is impossible - t 88Y:: whether ‘when anticyclogen331s
is occurring at 60° = 65 , the:pressure rise began in
Antarctica or . the developing ridge.. is;an exten31on south-
wards: Of ‘@ sub—tropical anticyclone.a: Ll ey

e e

L4, CYCLONES AND CYCLONIC ACTIVITY,
DECEMBER 195& MARCH 1955

SN ‘The- numer&cal fréguéncy ‘with which identlfidble
cyclones occupied 5 squares‘is -‘shown -in Fig, 2, The:
2 6ncipa1 soncentratlon ‘of cyclone - eentres -appears- ‘betyeen .
60~ and - 5 'S - where the ‘highest freqaéncy is-between: 70
and 1ue°E, There-was thus. in this" Pegion -an overall higher
proportion of -declerating -and-decaying cyclones (omitting
cyclogenesls) than, say, north or the Weddell Sea where
cyclone rreqnency -is -maeh leee. "p@ :

“ 'iIn the middle-latitude westerlies- (u5° to 55°s)
the South Atlantic contained most cyclones with maxima-
southeast of South Ameriéa and in’ the neighbourhood of
Marion Island, Eastward of Marion Island cyclone density









