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Tat of two lectures given by C. E.-PalnMr,
University of California,at the Central
Heteorologicd observatory, Tokyo,
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The Aouatoriti Front

.-.,
The

front, i8

interest;

subject upon uhich I am going to speak, the equatofid

one in which Japane8e meteorologistshave taken graat\

that is partly tne reAson why I chose it ii3 t“m

I

subject of discussion. Other names are used for the system --

sonettie8 we’hea: it spoken of AS the intetiropicd convergence

zone;” 801X, for e+lel the Norwegian meteorologists,odl it

the intertropical front. The different names reflect different

ideas cmcarning both the atmos~nericcircdation in the

neigilborhoodof the equator and the perturbationsthat affect

it, and at least a brief historical account of those ideas is

necessary to’a complete +emt-i~ ‘f ‘he ‘~blw 18W7 - ~ “

The first description of the equatox f~t -s “ . ‘discues. ,.

givenby two Lngl.ishmeteorologists
&~&@”&’@J’# (3)*a .’= ‘:. ,, ,.,,.2 ‘“ ‘“ .. . ..

paper, ‘The Clash of t~ Trades in t~ ‘acifiG$””Wbu*h’?d “by ‘ ‘. ““,., ,, .
. . ,.

the .Royal.Meteorol@ca~ ~oeie~,ti~ its CUtior4J+ ‘*n’ : ~ .,;
,.,

after the First iiorld;~ar. Fron surface ad data for ~~w ~~ ‘ “ ‘ ~

stations in the South Pacific, together tith (i”fewNorthPacific

observation, the .auttiorscalculatedand plottd
.

air transpo+.b the equatorial ~esk P~ci.fic. I

emphzLsizethat their study was almost couIpleteQ
. . .

the mean surf-

tiahto,i’ a

a statistioa.1

one. They found thst’a line could be drawn nearthe equator on

the map for t~Je southern hemisphere summer, the mean transpti

be= roughly northeasterly north of the line and southeasterly...
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on surface observ~tionsand upon observationsof pilot balloons.

Since radiosonde data hzve become more plentif~ in eq~torial’”
4 ,.

regions, less emplasis has been placed on ai-ss difference

and upon fronts. AS far as we can tell frofithese observations

the atmosphere more closely approaches autob.rotro~ynear the ‘-

equator than in any other region. The so called’air masses in

the tropics so closely resamble one another that aven if surfaces

●

of discontinuityexisted between them (~ch may be doubted) there

‘couldbe no concentrationof solenoids in the frontal,zone, and

conseo.uei~tl~no

attributed to a

for so:zesource

tion.to account.

mrked acceleratioflof circuhtion t&at co~ld be

redistributionof XSS. We must; in fact, look

of energy otner than the initial mass distribu-

tor the development of the circulation of

ty@oons. It cannot be empilasizedtoo strouglytbat by 1940

many %ropical meteorologistswsre convinced that except in the

immediate neighborhood of typhoons the atmOSphel”lCvariables,
D

pressure, temper:~tureand densit:!,upon whose gradients in

space and time we base OU: major analytic techniques in high

latitudes, raveal only weak gradients between 15° north and 15°

soutziof th~.equator, and that,

ques of high +titudes are only

trop;oal

b
It

followed

analysis.

cannot be doubted that

hLi} found ‘tfrontsNon

....

therefore, the frontai techni-

doubtfully appli.cabb to.
.. ..,.

Deppemann, and others who

synoptic maps for the .$ropical
..

western Pacific.. fircraft observationsmade during and after ““ -
,,.
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confirmed its position. During the forecast period in-flight

reports might further confirm the analysis. Next day, witn no——

obvious vsriation in the surface analvsis, the in-flight reports———

could show the complete absence of the equ~torial front both in

the weather ad wind fielas. This has bden the experience time

and time again of forecasters in the North and the South ?acific,
.

and has given rise to cmnpl-icat”6dtheories of intew;ity cnange,

wit? I.it.tled-c or synoptic b~cking.

We cannot leave this topic wit:]outreference to the work

done in the Philippine Islands by Father Jeppermann. In a long
—.,

series of papers he has devoted himself to investigating the

relation between the equatorial front and the origin of typnoons.
.

It was thOUght, and stffl is by many meteorologists,tht typhoons

originate or are ganerated on the equatorial front in the sa&

uay as extra-tropical cyolones are genarated aswaves on the

polar front. Using the classical methods of the Bergen school,

the group of meteorologists of whom Deppemo is the most

distinguished representative identified l’air-i&asesn in the “

. .
.~eighborhoodof the equator, discovered triple points where

krde ftints met, and where typhoons were supposed to originate,

and finally discovered well-marked fronts evsn in the contiral .

portions of the mature typhoon. Great significance.wasattri-”
..

%uted to small diffe~nces in temperature,to the-supposed

source regions of the air masses and to the slope of the fronts.

It should be emphasized that a large part of tnis WO* uas based
.
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.behind and in front of the positive axis.

d) lnst.~blevortex (Stage 3). Suddenly (the aat~ils are -AS

yet obscure, bdcsuse the chlnge is so rapid) th~ tangent point

is replaced by two singular points, one nagative, lying to the
.

east, the other a neutral point which moves ahead of and relative

to it. Westerly winds make their appearance for the first time

in an obvious circulation about the neg~tive goint, while the

asymptote of convergence extends well ahead of the disturbance

~olning up with that

there is one. It iS

rial frontttfrom one

.. \,
of the previous vortex of the series, if

now’possible to draw A continuous ltequato-

vortex to another in a series such as exists

between 150° E and the China coast when the typhoon season is

WS1l idv~nced, However, it mAy be difficult to detect a closed

pressure center about the negative point; though one will

undoubtedly exist, the depression of the barometer in that

central region may be so slight in comparison with the surround-

ings th:itit would require very accur~te and dense pressure

observ~tions, and the careful drawing of isobirs at half-millibar

intervfls to delineate it. Tne chahces are that at an early

stage in the deepening process the whole vertical disturbance

will be mistaken for an easterly wave. de regmd the vortex as

unstable so long as it deepens, with increasingdevelopment of .

kinetic energy in the lower

slow so thlt the vortex may

beyond the Philippines as A

layers. The deapening may be very

pass from the longitude of ham to

simPle weak, but slowly developing

depression. 3n the other hand the deepening maybe very rapid
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indeed, t?i< circulation attainin? teypiloonintensity in a utter

Of 2L-36 nours, fro:;ttw tire:oi first appearance Of the s~@-

l.r points (w.ni.cnmarKs tne inception of tne definitive vortex.)

e) ~table vortex. Sooner or l~ter tze vortex rf3:iCheS a stage

where it deepens liOmore and moves without muen cfimge of

intensity for long distances. .jLabl~ vortices seem to be

of e-tierydtigreeof intensity from feeble circulationsbsrely .

detrctihle is SUC:L in ti[epra.sure field up to the most destruc-

tive typhoons. All stable vortices seer.subject to tne same

vicissitudes; they may move =s:w~ra for long distances, or my

rectirvdinta .~ignerl~titudss. ‘Theyappear to be :uuchweakened
.

b~ prulont:edpassage over land. Jo long as they :Zreon the

15 qmts (this Ilso is the speed range of the stalde wavas)

but near, Lt.ind after recui’v.~turethe speed.ofmovanent TUy be
.

9rratic. 1!1 othar words the known characteristicsof ty, noons

(exce~t for intensity) seemto appiy

Seneral. Indeed a typhoon is simply

to stable vortices in

a vortex th:t h:s attained

sufficient i.ltensit~to be of Fr+ctical interest to man..

it will bd obvious to :-OUth~t I hive merely describad the

appearance of typical stre:dine maps at low levels in one sndl

area in tne c~ritrd Pacific and tnat f~r Oidy a short period in

1940. idevertnelesseven tflislj.i~eu illfor.fiti>ntilrowsa flood

on in~del:u~tes’mface pressure maps. First, w< can give up the
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attempt to explAin equatorial w3aLuer by n~ems of conce?td developed

from the study of the wuther in Northwest Lurope -- in other words,

by frontal andair’m~s concepts -- and tre?t equatorial rsse~rcn

as a depar&nent of Meteorologywith problems of its own, rsquiring

special observations andmetnods of solution. Of these meti)ois

the analysis of the velocity field stanclso~t as the most useful

at the prasent ti.~, because it ins been the most naglectea. *;e

must, of course, consider also the relation of the wind field to. .

the fields of pressure, of ti~erat~~~ and of composition (weather).

The researches I have described, in fact, raise more problem than

they salve, MIicn is 4 promising sign for the future.

Secondly, tha Ilfrontsl!of the equatorial region3$ no’~

receive an unequi.vocslkinewtic definition -- th%y are asymptotes

of convergence in the streml.ine field. ‘lnthe early stages

of wave development, they are absent or waak. ‘Theydf3veloph

intensity aa the wave becomes unstable and ~re most markea whan

the definitive vortex is formed. in otiieruords }he equatorial
.

front, or fronts, considereda6 synoptic mtities do not precede

the foration. The influance of thi6 principle on forecasting

——
iS obvious. T’hiti~y,tha Ilequatorialfrontttin ths ssnss I have

describsd, iB continuous only whare one has A continuous series of

vortices such as occurs West-fi f~m k du~~g the wet Se~SOnO

FJ.8ewhereit appears and disappears witn the varying’aistoryof

ths equatorial waves, in a msmer entirely faflar to equatorial

fo,ncasters. ,

34
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fourthly, the problem of typnoon formatim t~kes on a

new 3spect. During the wat season vortices are forming in an

2L20st continuous series wegtward from tn3 M3r3halls and C3rolines.

‘tiy a few of these become intense enough to be callaQ tropical

depressions, storms or typnom8. The prObl&?2of typl’Wn formation

is now seen to be the problem of intensification. Loresvortices

intensify gra.ltly,others ~ rtjmainwaak, difficult to detect ti

the ?ressure field. The ideal method of investigatingtha

causes of typh30~ formation would be to cl~ssify the vortices of

a 101IS:seri~s of maps into two cl~sses -- tileclass of those that

remain weak and the class of those th~t deepen rapidly end pAss a

certdill~rbi:rai-yintensity.

And composition fislds of two

to discover what ieatures are

Then tne wind, temper~ture,pressure,

classes oug .tto b+ coirtparedcIosely

cwmon t,~ill members of the

typhoon-depressionclass and absent from t,leweti-vo.rtexCLSS. .

.
//orkalon6 these lines is already in i>r~~”r?s~.

Fifth, typnoon tracks of the North Pacific take on a new

significance. ,vehave so far not failed to trace b~ck every

typhom studied to eitner a wave or a wea’kvort?xpass~

previously across the Bikini-Tarawa-~&e axis. The heterogeneous

~ypnom trac~s on published maps, if extrapolatedeastward, all

pass tnrough this narrow Wtiroatll.It fallows that we ought to

tiprove typhoon forecasting greatly by developing the observational

network in that area to a high degree.

I expect ~-ouwould li.ieto have heard something about the

. 35
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