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FRONTAL ANALYSIS OVER THE SOUIHERN OCEAN. -

, by R. H. Clarke SR ~ .
(Central Analysis Section C.W.B. Melbourne) - L

INfRODUGTIQN;ﬁ

: With the establishment of observing stations at Heard
and Macquarie Islands im 1948, it became necegsary to attempt .
daily analyscs with the object of providing assistance to fore-
casters in the Australian area, Since the middle of 1950 such -
analyses have been prepazred on a routine basis in the Central
Analysis Séction und distributed im code to forecusting offices
in Australia and oversecas, The network has improved since the
earliest “stages of the project; as wcll as three hourly surface
obscorvations, upper winds and "emps™ are now available from
AmSterdem Is, and Heard Is,, "temps" from Morion Is., "pibals®
from Kerguelen Is,, and,in the whaling scason, gcoveral ships
report csurface ovservations from Southernsw&tors.. For a time,
100, observations were available from Addlie Iand.In the region:
-southeost of Tusmania arc surface observations from Maegquarie.
and Campbell Islands, with "pibals™ from both and "temps"™ from
the former, Hevertheless, data are still entlrely lacking over
*800 of longitude to the;South of Australia, and the network is .
still so sparse that wide divergences of opinion, even on
pressure analysis, dre still possible, On the question of fronts,
even wider'divergepces oxXist, 4 . B o

It is intcnded to eXpress here certoin opinions, or -
rather, working hypotheses, not substanticted by exanples,
Tformed as a result of over three years' -experience of moking
routine duily analyses. in this area, and to attempt to justify
the general form of current analyses issued by the Cohatral..
Analysis Section. This form differs redically in regard to
fronts!from that adopted by other unzlysts and other. . '
organizations, It is @lso intended to present, as briefl;
as possible, the result of wn experiment, in which four:
analysts, of whom thée first two hove had considerable exper-
ience in Southern Ocecn cnalysis, bub who are not practising
anolysts in the Centrsl Anulysis Section, and one of the .
others is the writer, were asked to analyse independently the -
same Southern:Ocesh material for the period 22 - 29 April 1953,

SOk DIFFICULTTES TNHERENT Ti FRONTAL- sNALYSIS, -

Tt is desirable first to consider some riore general
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questions of frontal analysis, It is held that SUCh.un unulYSlS
is a step in forecasting, and that one requlrement of a zood
analy31s is that it should make possible accurate lOTGCuStln“ :
i.e., as well as a scientific operation, based always and espec-
-ially so over the Southern Ocsan on totﬂllj lnadequate inform-
ation, it is also a constant struggle to anticipate natural
events, It is clear that, given sufficient data, an isobaric
analysis can be obJectlvely tested but this oondltlon is far =
fronm being fulfilled over the uoutlcra Ocean sFor frontal analysis,
the position is otherwise, It is well known and recognised
abroad (Brunt 1934, Sutcliffe 1952) that obgectlve frontal
analysis, eVGHAWlth.& good regortmnb network, is frequently not
pOSSlble, despite indication (Godson 1950, Palmén and Hewton
1851) that on occasion it is so, To the Dractlslng‘meteorolo sist,
these occasions occur only too rarely, There are several reasoas,_
apart from the corplex1ty of nature for this lementable faot

The very deflnltlon of “front” is open to varlation.A

The term "discontinuity”, usually employed, is open to objection,
“since, strictly, dlccoqtlnultlcs in the real atmosphere are only
relativé; in the Ltrue sense, they do not exist., In practice,.a
front must be regarded as a "hy>er~bﬂrocllnlc zone®™ (Godson’
1951, Loewe 1945), i.e. a zone of strong horizontal temperature
LJ:r:adu_ont and, clearly, the degree of burOCllﬂlOlty requlred

for a fropt then becones lhpurtuﬂt

‘ In the usual definition of "front" (e.ge. Scﬁerhag‘1948’
De 248) the “fir-mass” coneept is introduced, In the Australian
region this concept has never been very popular (e.g, Palmer 1942)
and signs are not wanting that it is rapidly losing favour
cbroad; hence this part of the definition may safely be,neglect-
eda ” -

- Another concevt frequently. introduced in defining
fronts is that they should slope in the vertical plane, -Yetb
even this concept may not be generally tenable (Scherhar p.222,
Nyberg 1950; Bléeker 195Q), Hormzontal tenperature L)radj.on.ts
in the air uasses on either side of a front usually show @
conponent -in the direetion of the front and it 1is thuuuht that
this effect may be more pronounced in thc nore haroclinic. (on

the averar e, Loewe and RadoL 1950) Southern Hemispherc than in

the II.H. his means that, unless caripensated by sinking notion,
quite strong "thernal® winds fust blow across the front, as ind-
icated by the diagran, This effect is due, of course, to non-

unifornity of the air masses, perhaps the result of "modification™
" (see Flgure 1.) - ' L '
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Figure 1

Plan of a front showing
. isotherms across it,
"Thermal" winds will, of
course, be indicated by
-mean isotherms from the
ground upwards,
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It is 1LQOSSlble to believe that vertical notlons of

the right order ,in sore cases quite large, given by w = u'tan 8
(wLere 6 - 13 the slope of the front, u' the thermal wind '

across it) to h&lLtalﬂ,tLL eoulllorrmd‘slo;g of the front nust -
always exist in such a field, and it seens necgessary to adnit -
that arzival of the cold air aloft first can (Scherhag p.222)
or regularly does (RaetLJGn 1947) becin, lote Bleelker's reo-
ference to Bgerkne S %eold tropieal air™: avove the frontdl
inversion,. It is adhlttcd that this idea conflicts with the
theory advanced by Rossby'ldxv, in whicl: non-adiabatie: ri0difi-
catlon is not allowed for, and with the trajectories oft . 0
Palnén and Hewton, where, Lowcver the essentially neridiona
portion of the front is not treatbd very fully, and the assuip-
tion of mo flow across the front is nades Hevertheless, it :
seens probaole tnat in soixe cases, the, destructiwve offect Oon
a front of a*8frong "thernal” wind across 1t, Aay be a factor '
in its dlssolutlou. =

The frlotlon lhycr near the ground o>erates to reduce
the ﬂdvectlon of cold &air, and gven-riore, .of warn hlr in tbo
lowest layers unless vertlcﬂl heat pzchan e ’oceurs due to vigor-
ous convgctlon, If the arrival of cold air behind a cold Tront
is gradual rather than sudden (i.e. if the front is a "baroclinic
zone" rather than a discontinuity), we nay find. that ‘surface
cooling lags: some tine (say 5-10 hrs) behing the heéginning of
cooling in the free atuiosphere, depending of course-on condit-
ions of stability and therefore of vertical interch ange. It
seerns possible to explain even a rise of - tcuperature on the
surface as the result of commencenent of. cold air advection
aloft, (see FPigure 2) : R
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Figure 2.

Schematic temperature-height curves showing (1) intense
low level (say 950 mb) -inversion associated with warn air
over cold sea, with rain., and (2) cold air advection has
begun in the layer 950 mb, %o, say, 600 mb,, and turbulence
has resulted in increased ground tenperature,

# . Beherhag advises his students to look for teumperature ;
changes above the friction layer when locating a front, The ’
plcture is still further corzplicated, of course, if one adnits
the existence of “upper fronts™, thwm is, IrontQ only detectable
at sorie khelght above the friction layer, This type of front = .
appears rather frequently in the literaturc (e.g. Scherhag 1939)
and the opinion of Godson (1951) that 95 % of the occlusions
arriving over lorth,AherloL fron the west are upper ¢old fronts,
is interesting, in view of the analory with the Australian south
west corner, and Pgluer's opinion tJQ the fronts arriving there-
are OObluSlonS. ‘ : - )

If a front is not a line, but a zone, say, somne 200
niles wide, one nust decide where in'that zone the linewaylzing the
froat should be drawn, Godson (1951) and Bergeron (1928) agree .
that the warm air side of the zone is the significant one for
the forecaster, Godson (1951) has shown that the pressure field
to he e&pected with a frOMtal zone 1is such that at a cold front,

: 1 ‘ that is, the leadlnb edu

leading of the zone, ome Tinds,
not. & pressure troumn,
which is an orientation -
‘discontinuity, but a
Ccurvature dlsoontlnuxty,
© of the isobars, he post-
frontel trough, often con-
fused with the front,
lies, in the Godson “odel
inAtho frontal zone, One
ohserves that "new" fronts

Pressure field toAbe expected
with a frontal zone (after Godson).
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tend to fori: in.this trougsh within the frontal zone, replacing
sorietines the original "leading edge’ in importance, This
"leading edse™ is inthe frontolytic field ahead of the trouch
(Petberssen) and nodification of the cold air in the forward part
of the zone may lead to its dissolution, This heppens with great
regularity over the hot continent, (Yconvectional puncture®)
where the trough may reuain alirost stationary, while one or seve i«
al ' fronts' move forward froix it, and are associated with so o
called "prefrontal®? thunderstorris ahead of the trough; before tiey
finally frontolyse; Ustally the post frontal trough is less :
sharply defined than & front; the changes accompanying 1t are
nore gradual, It nay, uowevor‘ devolop a pronounced front, Ito
rovenent is controlled ultinetely by dynanic developAents aloft
which are frequently related to tecperature chanses in- the

lower levels and hence it does not nove with the front

(i.e. the leading edcce of the zone) whose movenent is governed
only by that of the wind, ' ' .

With occlusion of the depression, and therefore
translation of the pressure ninimun: into the cold air the post
frontal trouch, through dynamic processes governing the press-
ure field, tends also to bLe translated backward into the cold
air, and to C'”““~3Oﬂd to the tropopause trouch aloft, This is
the Scherhag model of
the postfrontal troush,
in past times called the
"hacl~-bent occlusion®
Here the weather is
frequently the iost vio-
lent, and a pronounced
w1nd shear is found, but
:Scherhag warns abalnst
recarding this troush
as a front,

The‘ﬁphérhag model of the pos'tmfrontal,trough:°

THE PROMIMM Oy TEE WAR . FROIT,

Warn fronts_in the Australian region present difficul..
ties, as noted by Hidson (1947) and the saue must be true in
Europe (Scherhar 1958)§- 1t should be noted that the ClaSSlcal
frontal structure does not neet Wltﬂ universal approval
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Raethjen (19 47) ‘describes the process of- cyclo:enes1s on a .
frontal zone, by whiclh the wari: front secction loses, as the cold
front section ¢ains, sharpness,and states that the haln cold front
is the anortant feature of cyclo»eneSIS all others bheing
"subordinate attendant phenonena®, His descrlptloneof the OCC~-
lusion process leaves.the warm front out entirely, Occlusion,
he says, is siizply the progressive translatlon of the pressure.
Llnlmum,lnto the cold air, Scherhag (1938) thought that a
cyclone. could not occlude in the free atiiosphere, becausc the
speed of, the wari: front exceeded that of the cold front, if
they both nmoved Wlth the wind, It is surbested that the reallty
of the warm front as a substantial boundary is hy no means
proved, Paluén, ‘par excellence the chief current protagonist
of fromtal theorys,has also presented a picture of typical i
frontal behaviour in which the warm front has mo part, He has. .
abandoned the idea of a quasiperianent polar front, on each
. 8ide of which the warm: and cold: air nasses sway about a nean
latitude, in favour of & discontinuous process, whereby cold
air is lngected at intervals intc low 1at1tudes behind a cold
front , which dissolves on nodification of the cold air, a new -
front. appeaﬂlnr at higher latltudes to take its place, The
views of Palmén and haethaen in this natter agree so nlccly
with the experience of the writer, that he cannot. help but feel
enboldened in his attitude, It leht thus be pardonable to
question the reality of the long warm fronts so often shown
over vacant areas of the chart, and perhaps even elsewhere.
Horthern henisphere sectlons (e g.Derppren 1952, Palnén and
Newtomn 1951) show that warm fronts undoubtedly do occur,
whatever their genesis uay be. _ oy

- . Striking apparont wari: frontal passay ‘s over the
Southilndlan.Ocean Islands do sometiilics occur. Doubt not
uncormionly exists, however, whether the surface tcwperature obse-
rvations are represcntatlxc it is a well lmown fact that,
with warn air advection over the ocean, a shallow layer of
cold air is regularly overlain by waruer icister ‘air, which
nay, with sufficient increase 1in turt ulenoe such as could be
caused by increasing wind or cold air advectlun aloft,

"brealt throush®™ to the surface, It is denied that thls is a
genmuine warm front, Unfeortunately, "teLps“ at- 24 hour intervals
do not allow a resolution of the problen, Quite often it is
suspected - (by the change of cloud type from s to Cu, or by
evident signs of aubSLdence) that an lincrease in teiiperature
and perhaps dew point at the surface after a w1nd shift are-
associated with cooling above the frlCthH‘la er, and on -
several occasions this has appeared to be @on irmed by the
"tenps", The apparent warn front would then, of course, have
to be regarded as an upper cold front, or occlusion

(Raethgen type).



There does, however, Scert to occur a fromt which =
occasionally canno ac explalned as above, and which is to be
regarded as a true warn. front, sonetinies of pgreat lateral exztent,
in a IW-SE ‘direction, It is very tentatively sug ested, on the
basis of the sequences exanined in the course of routlne work,
that such a warn front is the end-product of a transfordutlon
cold front "occluslon"-war“ front

4 The warrn air'adveotlon is observed to be usually
confined to a relatively shallow surface layer; further aloft
llttle’cnanbe ~or slight cooling, is usually observed to accomp-
any the frontal passare, The references to occlusions by
lanb (1951), Godson and Scherhag confirm that they are generally
upper cold fronts which may suffer frontogenesis, with
cyclogenesis in a sultable deformation field or upper diverg=.
~ence field, Occlusions producing coollng aloft and warning

near the surfaée are met with, e.g. in Scherhag, Tenperature
rise throw hout the troposphere is occasionally in our reglon
attributable to an old "occlusion”™, when a very cold air nass
is replaced by cne more normal for tho latitude, If this
hypotheSls is -correct, transformation of the original cold
front is® complete and startllng. The process can only be |
explaipned if one allows that the air nasses separated by the
front can change radically during its several thousand nile
nigration, as postulated by Lamb for Siberia,

"Upper warn fronts of a type similar to Berggren's
have been observed in the Australian region, with appropriate
cloud effects, connected with an upper low, but without a
counterpaxrt reoocnlsaole cnn the surface chart It is doubted
that they fulfil the condition that they should nove as a
substantial boundary, -

THE ORIENTATION AND LATTITUDINAL “TTLDT OF THE POIAR FRONT.

These are highly controversial gquestions in Southern
Ocean analysis, Palmen's schematic diagrans show that if one
accepts. evidence from the llorthern Hemisphere in this respect,
the cold front should be e gocted with a mainly IW-SE orient+' i
ation anywhere from lat. S to north of 250 5, His ’ o
schematic mean position (wlnter), is 34° On.this basis, one
should expect to find lielbourne uore frequemtly in "polar™ than
in "tropical®™ air in winter, and this is held to conform with
AustrallanAeLperlence,‘ It 1s also supported by the frequency
of what has been regarded as the - "polar" tropopause over .
ifelbourne, in- Wlnter. - :






