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SYNOPTIC ANALYSIS IN THE TROPICS
" by A,T¢'Bath,.Brisbane“Divisibndl_Offi&gii;;L
and W.J, Gibbs, Central Meteorologlcal Bureau -

Melbourne.

(Manqscript received January, 1956):"“.Hm“”
Abstract: The deficiencies of isobaric and front-
'al snalysis.in low latitudes are explained and a
method .of synéptic analysis using streamllnes is
suggested, ' ' :

Isogon analysis 1s described and recommended
for limited application. Some relationships

between streamlines and hydrometeors are
discussed,

"1, INTRODUCTION -

~.v_ - Synoptic analysis in the troples needs an
approach different from that used in higher latitudes
where the cornerstone of analysis is the delineatlon of.
the pressure fleld, which, by use of the- geostrophic
assumption, gives the wind fleld. However in lower
latitudes this approach’is ineffective because the o
. geostrophic and gradient wind assumptions are not valid.

The equation of horizontal motion is
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In-higherglatitudes the terms %%Aiand F are usually

small comoared with cther terms so that the beostrophic wind
speed o

. : |

V w _ ‘

and direction is parallol to the ilsobars,

LY. ......In.low. latitudes, however, {7p and f are much
smaller than in’ n higher latltudes and 1t 1s not possible to
ignore %% and F’ .

The result is that there is no simple relationship between
the flelds of wind and pressure and a direct analysis of

the wind field is essentlal, Furthermore, p. 15 so small
that errors in pressure me asurements and the local effects of
orographic barriers make 1its accurate determination in low
latitudes.¥irtually impossible, particularly. over Indonesla
and New" Guinea. ' '

. qumen (1951, 1952), Riehl (1954), Thompson (1951)
and other meteorolo7ists with tropical experience have
discounted the occurrence of fronts in equatorial regions,
Deppermann' (1954) states that frontal discontinuities
rapidly disapoeer in low levels in the tropics, Gibbs (l945e
1945b) has shown the lack.of temperature contrast across
some ‘so=called f"onts in low latltudes in the Australidn
regions = . -

Thus in low latitude synoptic analysis same’
substitute is necessary for the isobaric and frontal
analysis applicable to higher latitudes, A direct
analysls of the w1nd field is the logical alternative .
and a techigue for this type of analysis was suggested by
Bjerknes and Sandstrom (1910). There appears to have’ .
béen rittle practloal apolication of this technique until
Palmer (1951) and Riehl (1943) demonstrated the value of . -
streamline analysi *n the troplcsa _

‘2, ISOGON ANAIYSIS

“The dire°t aralysis of the wind field is a vector
analysis and as such 1is difficult to make Without some:*
modification in analysis technique, This may be done by
making separate analyses of the fields of wind direction

and speed.
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_ Isogon analysis is a method of analysis of wind
direction and consists of drawing a pattern of isogons
TIInes joining places of the same wind direction). The
isogon pattern is & scalar field and 'in making an lsogon
analysis the wind direction sh-uld be entered in tens of

. degrees -and should not be shown by an arrow (this latter

practice 1s likely TO confuse analysts accustomed to
drawing isobars along the wind arrows), A schematic
representation of a streamline field and the equlvalent
isogon field is shown in figure l. -

A feature of isogon patterns is that isogons.
intersect, These intersections are called gingular polnts
or singularitles and»are.distinguished:by the fact that

(1) each singularity is the point of intersedtibn,of
all isogons : . : .

'Z(ii)-bn ﬁéssing through a singularity .the value of an':
‘ 1sogon changes by 180 degrees., ' _

R There ars two types of singularity. Positive
~‘singularities in which the lsogon values increase in a .
clockwise direction around the singular point, and =
negative singularities in which the isogon values increase
in an anticlockwise direction, : :

. .The streamline pattern associated with a positive
isogon singularity depends on the orientation of the .
singularity, This is illustrated in figure 2, With the
isogons. orientated in their own directions (fig.2a),.the
3600 isogon to the north, 090° to the east etc., the
streamline pattern is a pure indraft. With the 1sogons
orientated 90 degrees clockwise of thelr own directlon
(fig, 2b) the streamline pattern is a pure clockwlse
rotation, Similarly a positive singularity with lsogons
orientated opposite to.their. own direction (fig. 2c)
gives a pure outdraft streamline pattern and a positive
singularity. with isogons -orientated 90 degrees antl-
clockwise of their -own direction (fig. 2d) glves a stream-
line pattern of pure anticlockwise rotation, If the
orientation of -the positive isogon singularity is: other
than that described in. the four preceding cases the
streamline pattern 1s a combination of indraft or outdraft
with anticlockwise or clockwise rotation, As an example,
1f the 3600 isogon is orientated between north and east
(fig, 2e¢) the. streamline pattern will be a clockwlse
indraft, the degree of indraft being greater the closer
the orientation of the 3600 i{sogon 1s to north. o
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FIGURE 3. SHOWING * RELATIONSHIP BETWEEN STREAMLINES AND
NEGATIVE SINGULARITIES. [2A. TO 3.0]
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- Fidure 2f indicates the type of streamline
pattern associated with ‘the" various: orientations of. the
360° 1sogon, ‘As previously ‘mentioned a positive .
singularity with the 360° isogon orientated between north
and.;east glves a clockwise indraft, an orientation between
east and south an ‘clockwise cutdraft, an orientation between
south ‘ahd west an anticlockWise cutdraft and an orientation
between ‘west ‘and north an anticlockwise indraft,

Nezative singularities-are those in which the
isogon’ values Tncrease anticlockwiseraround the singular _
pOint ‘As shown by figures 3a, 3b, 3ciand ‘34 this type |
of igogon . sin“ularity ‘results in a neutral point (col) in
the streamline pattern and the-shape of the pattern is .. .
unaffecétéd »¥ the orilentation of the isogons, “The 7/ .
orientation cf the ‘neutral polnt .in- the streamline pattern
is related to ‘that of the 1sogon.pattern such that, the’
rotation of the isogon pattern. produces a rotation’ of the
streamline pattern half that of the isooon pattern.'”-;;j L

- Figures Se and 3f .show streawline patterns?”
associated with parallel’ isogons. . It"will be noted that
where isogons are orientated in -their own .direction a., . ...
1ine :df convergence “or line of divergence 1is apoarent in ’
the -‘streamline pattern depending respectively ‘on whether,
the isegon values increase- from right to: left ‘or- from L
lafdtc right 8cross the direction .of ‘floW,. ‘When isogons .
are parallel and ocne is. orientated normal-to its own RPCOVRT
diréction then this 1s.the axis of a "ridge" in the .
'streaml e*pattern.LA o ) U

Fisure ‘4"1s an’ isogon analysis of the wind field
at 5000 fpet at 05 GMT 22 November: 1955 Observations of~
wind dirsction are entéred in tens of. degrees and isogons
are similarly labelled. The main feature of the analysis
is its lack of similarity.to: obther types of analysis,

this being mainly due-to- uhe intersections of the isogons =
the sinvularities. R . 7y C

Wlth the denSltJ of obs ervations shown in fig. 4“;1_
it was not pOSSWUIP te.make a direct isogon: analysis.j T
From the “M,S, L..synoptie chart it .was noted’ ‘that. a col
was swtuatﬁd cver, Western Australia, a, ridge of high :
pressure’ ‘extended °outheast through . Oueensland Tan trough
exterided from south of Fiji northwest into the equatorial’
trough which was broad and shallow and. extended east-west
across Indonesis and New Guinea, The probability oft the
existence of positive Singularities, and their assoclated
negative singularities, in these troughs and ridges was
them carefully examined. The location of the negative
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singularity near the col in Western Australla was determ=-
ined, In the vicinity of ridges, positive singularities :-
were drawn with-the 360 -isogon in the S.W, gquadrant :
corresponding in the southern hemisphere to an anti- .
cyclonic outdraft,. 1In troughs in the southern hemisphere
the 360 isogon was drawn in the nertheast: quadrant of the
singularity, and in the ncrthwest guadrant in the nor thern
hemlsphere, corresponding to a cyclonic indraft in both-
cases,

. It will be noted that each positive singularity
has a correspondlng necative sinrularity.‘ Also that =
positive and .negative s1ngular1ties are alligned in a more-
or less Systematic*manner. . The positive singularities

over N,E. and E, Auétrdlia have their 360° isogon in the
southwest quadrant - 1,e, they indicate.an anticlockwilse
outdraft in-the streamlines, Posltive singularities near
New Cgledonia, New Guinea and Timor have the 360° isogon

in the northeast qusdrant indicating a clockwise indraft,-
The positive singularity to the scutheast of the Philippines
has the 360° isogon in the ncrthwest quadrant giving an
anticlockwise indraft in the streamlines,

- Isogon analysis is difficult. This Is partly
due to the unusual technique réquired but also largely “the:
result of an inadequate wind network. It is not possible.
‘to arrive at singularitles directly from the observationss:
It 1s necessary to deduce. the approximate location~of~—-x~ .
singularities from an examination of pressure or streamline
charts, or both, Isogon enalysis is therefore impractic-.
able for routine analysis, It is however of very great
value in studying the technique of streamline’‘analysis
and all engaged in this study should make a number of
isogon analyses - first attempting direct analysis from
observations of wind direction.- v S

5. ' STREAMLINE ANALYSTS

lthough isogon analysis is not recommended
as .a routine it 1is important to appreciate the relationship
between isogons and streamlines, This may be achieved by
drawing streamlines from an isogon analysis (preferably
on a secarate chart over a light table)., . An effective
method is to draw the ~streamlines through the negative
isogon singularity which are also the lines of convergence
and divergence, . The lines of convergence willl usually
lead to Indrafts and the lines of divergence will lead
from outdrafts. o ,
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In routine streamline analysis, ¢treamlines :
are drawn directly fram the wind cbservations, which, 1t is
suggested, s hould be shown on charts by an arrow indicating
direction beside which direction and speed are indicated
thus ~ dd/ff, »

Neutral points, indrafts and outdrafls should be
detected rfIrst, 1t Peing remembered that tThe lines of
convergence and divergence of the neutral points respectively
Tead. to indrafts and from outdrafts, Similarly, polnts of
indraft or outdraft invariably have an accompanying neutral
point, Generally indrafts are clockwlse and outdrafts anti-
clockwise in the southern hemisphere (and vice versa in the
northern hemisphere) although this 1s not invarlably so.

Referring now to figure 5, the streamline
analysis fo¥ 5000 ft, at 032 19 November 1955 it will be
seen that outdrafts over the Bight and New South Wales and
indrafts off the New South Wales and Queensland coasts and
over Arnhem Land are reasonably well indicated by wind
directions, Remembering that neutral polnts must be
associated with each indraft or outdraft 1t is relatively
simple to.draw streamlines which follow the observed wind
directions and form neutral points,. Figure 6 shows the
5000 ft, streamlines for the succeeding day (03Z 20th
November 1955) and the continuity in the pattern 1ls apparent.
A notable feature 1s the movement of indraft vorticles In
low latitudes towards the west. Another feature of
interest 1s the alignment of lines of convergence.

Note on fig. 5 the line of convergence extending
fran the neutral poilnt west of Arnhem Land through successive
indrafts and neutral polnts along the northern and eastern
coasts of the Continent and across the Tasman Sea, As
explainal later these convergence zones are often the site
of Irarearsd cloud development and ere frequently confused
with firontse Also of interest is the llne of divergence
extending from the neutral point near the southwest corner
of the Continent through successive outdraft and neutral
point across Southern Australia to New Caledonla and Fiji.

Figure 9 shows the alternation of outdraft and
neutral point over Queensland and the Tasman Sea and the
similar alternation of indraft and neutral point along a
connecting convergence line from the Philippine region,
through New Guinea to Noumea.






