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The ocquatorial Front

Tﬁe subject upon which I am going to speak, the equatorial
front, is one in which Japanese meteorologists have taken great
interest; that is partly the reason way I chose it as the‘
subject of discussion. Other names are used for the system -~
sometimes we hear it spoken of as the intertropidal convergence
éone; some, for exauple, phe Norwegian meteorologists, q;ll it
the intertropical front. The different names reflect different
ideas councsrning both the atmospneric circulation in tae
neighborhood of the equator and the perturbatibns that affect
it, and at least a brief historical account of those ideas is
necessary to a complete understanding of the preblems I shall -
discuss. Tne first description of the‘equatoriql fron@ was
given by two tnglish meteorologists, Brooks and ﬁpgbx, (3) in a e o
paper, "The Clash of the Trades in the Pacific,"‘ﬁubliéhe§ $y e
the Royal Meteorological Society in its‘Qﬁaithiy Jouthei Spbn;
after the First world dar, From surface wind data for'vﬁfiqu;'i
stations in/the South Pacific, together with a few North'facific
- observations, the authérs caleculyted and plott?d the mean §urrace
air tran;por!;_in the equatorial west Pa;ific. I wish to *
emphaéize»that their study was almost completely a statistiecal
ans.. Thgyngound that a line could be drawn near-the’cquator on
the map for the.dﬁuthern hemisphere summer, the mean transport
| being roughly northeasterly north of the line and soﬁtheasterly‘,
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on surface observations and upon observations éf'pildt balloons.
Since radiosonde %ata have become more plentiful in equﬁtbrial‘“
regioﬁs, loess emplasis has been pliczd on airmass differenc§
and upon fronts. As far as we can tell from these observations
the atmosphere more closely approaches autobarotropy near the";
equator than in any other region. The so cal;ed’air massg;.in
the tropics so closely ressmble one another that even if surfaces
of discon.tinuity'existed between them (Which may be doubted) there
could be no concentration of solenoids in the fronﬁal,zone, and
consequently no mirked zcceleration of circulation that could be
attributed to a redistribution of miss. We must, in fact, look
for some source of energy otner than the initial mass distribu-
ﬁion-to‘account for the devslopment of the circulation of
typhoons. It cannot be emphasized too strongly thgtvby 1940
ﬁany'%rbpical meieorologists were convinced that exﬁept inlfhe

immediaté neighborhood of typhoons the atmospheric variables,

" pressure, vemperature and density, upon whose gradients in

space ind time we base our major analytic techniques in high

latitudes, reveal only weax gradients betwean 15° north and 15°

soutn of ths, equator, and that, therefore, the frontal techni-

ques of high latitudes are only doubtfully applicable to.

3.

tropical analysis.

)

‘It cannot be doubted that Deppermann, and othsrs who

followed hiw, found "fronts" on synoptic maps for the &xopical

western Pacific. aircraft observations made‘du}ing 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 variation in the surface analysis, the in-flight reports

could show the complete absence of the equitorial front both in
the weather znd wind fielas. This has bsen the expefience time
and tice again of-forecasters.in the North ana the South Pacific,
and has given rise to complicated tneoriss of intensity Enange,
with little dynamic or synoptic backing.

We cannot leave this topic uithoﬁt reference to the work
done in the.Philippiqe Islands by Father Deypermann. In a long
series of papers hex£;a devoted nimself to investigating the
relation bestween the equatorial'front and the origin of typnoons.
It was thougnﬁ, and still is by mﬁn} meteorologists, that typhoons
originate or are gensrated on the equatorial front in the samg
way as extra-tropical cyﬁiones are generated as waves on the
polar fr;nt. ‘Using the classical methods of the Bergen school,
the group of meteorologists of whom Depperman is the most
distinguished representative identified "air-masses" in the
j;l'aighbozi‘hood of the equator, ‘dis.covered triple points where
tﬁrﬁé fronts met, and where typhoons uaie supposed to originate,
and finally diécovered'uell-mafked fronts even in the central
portions of the mature typhoon. Great significince was attri-
‘buted to small diffeéénces in temperaturs, to the»aupposed
source regions of the air musses and to the slope of tpé»tronts. |

It should be emphasized that a large part of tnis work was based
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‘.behind and in front of the positive axis.

d) instable vortex (Stage 3). Suddenly (the detaiils are is

yet obscure, bec;use the chinge is so rapid) the 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 negative point, while the
asymptote of convergence extends wdll ahead of the disturbance
Joining'ﬁp with that of ﬁhe‘b;évious vortex of the ssries, if
there is one. It is now possible to araw a4 continuous "equato-
rial front" from one vortex to another in a series such as exists
betwsen 150° E and the China coast when the typhoon s2ason is
well idvanced. However, i? may be difficult to detect a clgsed
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 that it would requlre very accurdate and dense pressure
observations, and the careful drawing of isobirs at half-millibar
intervals to delineate it. Tne chahces are that at an early
stage in th: deepening procass the whole vortical disturbance
will be mistaken for an easterly wave, we regard the vortex as
unstable so long as it despens, with increasing development of
kinetic eneréy in the lower layers. The deapening may be very
slow so that the vortex may pass from the longitude of luam to
‘beyond the Philippines as i simple weak, but slowly developing

depression. On the other hand the deepening may be very rapid
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indeed, thz circulation attaining typhoon intensity in a matter
of 24-36 nours, frow the tims of first appzarance of the singu-
l.r points (wﬁicn marks tne inception of tne definitive vortex.)
e) 3Stable vortex.' soongr or lgper tne vortex reiches a stage
whers it decpens no wore and moves without mucn cnange of
intensity for long distances. Jtable vortices seem to be
of every degree of intensity from feeble circulations barely
detectible i3 suec:i in the prs.sure field up tolthe most destruc-
tive typhoons. Ail sfable vortices seen subject to the same
vicissitudes; they may move wesiward for long distances, or may
recurve into .iigner latitudes. Tney appeir to be .uuch weaxened
by orolon;ed paésage over land. Jo long as they are on the
westward track they move unifor:ly at a speed between 10 and
15 gnots (this also is the speed range of the stablé Wivas)
but near, .t ind after recurvature the speed of movement muy be
arratic. Iu other words the kKnown characteristics of ty, noons
(excert for intenaity) seem to apply to stable vortices in
general., iIndeed a typhoon is simply a vortex that his attained
sufficient iatensity to be of practical intérest to man.

it will be obvious to ;ou that I have merely described the
appearance of typical stresmline maps at low levels in one small
area in tne central Pacific and tnat for only a short period in
1946, Wevertaeless even tnis li.dted information turows a flood
of lisut on many »roblews that beset us in LQc days whén we relied
on inidecuate surface pressure maps. First, w2 can giv; up the

33

)



e PR SRR e

i

Lave

e
S

oy

-

attempt to expluin equatorial we:atuer by means of concepts developed
from’the study of the weathér in Northwest burope -~ in other words,
by froﬁtg;'and air‘mas$ concepts -- and trezt equatorial resedrch

as a dqpartment ofAHeteorology with problems of its own, requiring
special observations and metnods of solution. Of these metiozs

the analysis of the ielocity field stands out 4s the most useful

at the present ti.e, becauss it has been the most nzglected. we

- must, of course, éqnsider also the relation of the wind field to

the fields of pressure, of temperature, and of composition (weather).
The ressarches I have described, in fact, raise more probleas tnan
thay solve, waicn is a2 promising sign for tne future.

Secondly, the "fronts" of the equatorial regions, now
receive an unequivoecal kinematic definition -~ they are asymptotes
of convergence in the streamline field. 1n the early stages
of wave development, they are absent or wsak. They develop in
intensity as the wave becomes unstable and are most markea when
the definitiv: vortex is formed, In other words the equatorial
front, or fronts, considered as synoptic entities do not preceds:
the formation. The influence of this principle on forecasting
is obvious. Thirdly, tha "equatorial front" in tns s=nss I have
described, is continuou; only where one has a continuous series of
vortices such as occurs westward from Guam during the wet season.
Eisewhere it abpears and disappears witn the varying aistory of
the equatorial waves, in a manner entirely familiar to.equatorial

fo;ecasters.



fourthly, the problem of tfpnoon fo}mation tiges on a
new aspect. During the wst season vortices are forming in an
almost continuous serises westward from tn3 Marshalls and Carolines.
nly a few of thess bescome intense enough to be éalled tropical
depressions, storms or typnoons. The problem of typhoon formation
is now seen to be the problem of intensification. soms vortices
intensify greatly, others & remain ;eak, difficult to depect in
the pressure field. Tnpe ideal method of investigating the
causes of typhoon formation would be to classify the vortices of
a long series of maps into Lwo classes -- tie class of thoﬁe that
remain weak and the class of those that deepen rapidly znd paiss a
certein arbitrary inteasity. Then tne wind, temperature, pressure,
snd composition fields of two classes oug i to be compared closely
to discover what features are comwon to all members of the
typhoon-depression class and absent from tiae w2axk-vortex class.
dor< along these lines is already in progress.

Fifth, tybhoon tracks of the North Pacific take on u new
significance. «~e have so far not failed to trace back every
typhoon studied to eitner a wave or a weak vortex passing
previously across the Bikini-Tarawa-wake axis. The heterogeneous
€ypnoon tracks on published maps, if extrapolated eastward, all
pass tnrough this narrow "tarcat". It follows that we ought to
improve typhoon forecasting greatly by developing the obserational
network in that area to a high degree.

I expect you would like to have heard something about the
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