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m Aauatorial Front 

The subject upon tich I am going to speak, the equatorial 

front, is one in which Japanese meteorologists have taken gradt 

interest; that is partly the reason wily I chose it a3 t'm 

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

sometimes w&hear it spoken of ds the intertropical. convergence 

zone; some, for ex;L;ilple, the Norwegian meteorologists, call it 

the intertropical front. The different names reflect different 

ideas cmcarning both the dtms>heric circulation in tha 

neigiiborhood of the equator and the perturbations 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. The first description of the equatori@ front use 

given ,b;y two G@ish metsorologists, Brdoks and .&v&y, (3) be 
I I, ; 

paper, "The Clash of the Trades in the Pacific," $ubliihed.b~ ’ 
.. . 

, the 130yal Meteorological Sol--i&y in ite'C&terly Joui=&.l sooti* \ 

after the First World iar. born surface wind data for +drr@ua : 

stations in the South Pacific, together tith @'few fiorth.pacific 

observatiohs, the .autf;ors calcul&sd and plotted 

air transport.in the equatorial Hest Pacific. I 

em@a6izs that their study was almost completely 
. ‘. 

the mean surface 

wish to. * ’ 

a statistical 

one. They found that 'a line could be drawn near-the equator on 

the map for tiJe southern hemisphere summer, the mean transport 

being roughly northeasterly north of the line and southeasterly, 
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on surface observdtions and upon observations of pilot balloons. 

Since radiosonde data have become more plentiful in equatorial“ 
4 ,. 

regions, less emplasis has been placed on airmass difference 

md 

the 

upon fronts. As far as we can tell from these observations 

atmosphere more closely approaches autobar&+ropy near the . 

equator than in any other region. The so called 

the tropics so closely resemble one another that 

of discontinuityexisted between them (kich may 

air massas in 

wren if surfaces 

be doubted) there 

could be no concentration of solenoids in the frontal.sone, and 

consequent12 no marked acceleratio.: of circulation that co;lld be 

attributed to a redistribution of RUSS. lrce rust; in fact, look 

for so:;e source of energy other thsn the initial mass distribu- 

. tion-to account for the devalopmant of the circzlation of 

typhoons. It cannot be emphasizad too strongly that by 1940 

many?ropical meteorologists kPjre convinced that except in the 

immediste neighbortiood of typhoons the atmospheric variables, 

- pressure, tempcr:+ture and density, upon whose gradients in 

space snd time we base our major analytic teohniques in high 

latitudes, reveal only weak gradients betwean 15' north and 15” 

SOUtn of thj.equator, and that, therefore, 

ques of high +atitudes are only doubtfully 

trop$cal analysis. 

the frontal tedhni- 

al)plicabls to 
. 

It cannot be doubted that De?pe=1, and others who 

. 

followed hLi, found "fronts" on synoptic maps for the .@opicai 
'. 

western Pacific. .&craft observations made during and after A 
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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 equatorial front both in 

the weather md wind fields. This has bden the experience time 

and ttie again of ,forecasters in the North and the South Tacific, 
. 

and has given rise to complicated ttieorias of intensity crmge, 

with little dynamic or synoptic bjcking. 

We cannot leave this topic nit3out reference to the work 

done in the Philippine Islands by Father Jeppermann. In a long 
- I_ 

series of papers he has devoted himself to investigating the 

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

It was thought, And rtXll is by many meteorologistsi that typhoons 

originate or are ganerated on the equatorial front in the s&n? 

way as extra-tropical cyulonea are generated as waves on the 

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

the group of meteorologists of whom Deppem. is the most 

distinguished representative identified %ir-&sesn in the 

. . 
&.ghborhoctd of the equator, discovered triple point& where 

t&we fronts met, and where typhoons were supposed to originate, ’ 

and finally discovered well-marked fronts even in the central . 

portions of the mature typhoon. Chat signifiwnce.was attri-' I I. 

buted to small differences 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 work was based 
. 
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behind and in front of the positive axis. 

d) lnstrble vortex (Stage 3). Suddenly (the datdils are AS 

yet obscure, bdcduse the chAnge is so rapid) tile tangent point 

is replaced by two singular points, one negative, 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 well ahead 

joining up with that 

there is one. It is 

rial front" from one 

..Y 

of the previous vortex 

now possible to draw ri 

vortex to another in a 

between 150' E and the China coast when the 

well idv&nced. Howevdr, it nay be 

pressure center about the negative 

of the disturbance 

of the series, if 

continuous %quato- 

series such as exists 

typhoon season is 

difficult to dstzct a closed 

point; though one will 

undoubtedly exist, the depression of the baromater in that 

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

ings th.it it would require very accurcite and danse pressure 

obsurvdtions, and the careful drawing of isobars at half-millibar 

intervals to delineate it. Tne chances are that at an early 

stage in thb deepening process the whole vertical disturbance 

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

unstable so long as it deepens, with increasing development of 

kinetic energy in the lower layers. The deepening may be very 

slow so that the vortex @ay pass from the longitude of Guam to 

beyond the Philippines as i simple weak, but slowly developing 

depression. 3r-1 the other hand the deepening may be very rapid 
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indeed, t?i2 circulation attainin? typiloon intensity in J Utter 

of 24-36 nours, froTi th$ tim;: of first appearance of the singu- 

Lr points (wnicn marks tne inception of tnz definitive vortex.) 

e) jtable vortex. Aoner or l.:ter tne vartex re2cAes a st.age 

where it deqens Ii0 more and move3 without mucn chsinge of 

intensity for long distmces. St&la vortices seem to be 

of e-fury degree of intensity from ftmblu circulations barely 

dett?ctsblz AS SUC:~ in tile grt;surz field up to the most destruc- 

tive typhoons, &l stable vortic% seem subject to the same 

vicissitudes; tney may move &?stw&rd for long dist&nces, or may 

recurv'o into .iigner lititudas. ‘They appsir to be :tiuc~l weaKened 
t 

LJ~ :.'rolon,;ed passad over land. So long as they :~d on the 

west+iard track they move unifor,:Jy at a speed blztwzen 13 and 

15 snots (this I&IO is the speed range of the stable wavas) 

but near, At. lnd after mcurvLiture the sptiad.of movement uuy be 

erratic. 1!1 othar words tne know-n ci:arscteristics of ty,noons 

(axcerSt for intensity) seem to appiy to stable vortices in 

general. indeed a typhoon is simply a vortex th>t hrs attained 

sufficient i.ltensiti to be of yr-rctical interest to man. . 

it will bd obvious to ;-ou that 1 h,rve ntirttly described the 

appearance of typical strdimline maps at low levels in one sxkill 

area in the central Pacific ad tnat for only a short period in 

15946. idevertnaless dvdn tnis lL_itsu irifor.ri;ti~,n tilrows a flood 

of li&lt on mlny ;_‘roblal,s that 

on inldauu2t.e surface prtisjure 

bctsat us in tiru d=ys when we relied 

m.sps. First, WJ can diva up the 
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atteznpt to expl&n equatorial uvst\~ar by mews of concegt3 developed 

from tha study of the weather in Northwest aurope -- in other words, 

by frontal and air.masu concepts -- and tr3zt equatorial rase;irch 

as a department of Meteorology with probl6m.s of its own, requiring 

special. observations and methods of solution. Of these m&.ilod 

the ;inalysis of the Pelocity field stanas o;lt as the most useful 

at the prasent tL3, bscauae it nas been the xlost neglectsci. ie 

must, of course, consider also the relation of the uind field to * . 

the fields of'prdssure, of temperature, and of composition (weather). 

The resanches I have described, in fact, raise more proble.ns than 

they solve, w;licn is A promising sign for the future. 

Szcondly, tha llfrontsrl of the equatoriai regions, nou 

receive an unequivocal kiaeti&tic definition -- they 3r3 asymptotes 

of convergence in the Streamline field. *ln the early stages 

of wave dev3lopment, they are absent or waak. They develop in 

intensity as the wave becomes unstable and Are most markea ;Irhan 

the definitive vortex is formed. ih ot'ner words $ha equatorial 
. 

front, or fronts, considered as synoptic entities do not precede 

the formation. The influance of this pri.nciple on fox%casting 

is obvious. Thirdly, tha "equatorial front" in tile sense I have 

described, is coi’kinuous only whare one has a continuous series of 

vortices such as oacurs westward from Guam during the wet season. 

Usewhere it appears and disappears witn the varying'aistory of 

th3 equatorial 

fo.recasters. 

~3~38, in a manner entirely farlliliar to equatorial 



Fourthly$ the problem of typnoon formation tA.kes on a 

new sspect. tiring thz wet season vortices are formine in An 

almost continuous series westward from td3 Kw3idls and C~rolines. 

,3nly a few of these become intens e enough to be call& tropical 

depressions, storms or typnoons. The problem of typhoon formation 

is now seen to be the problem of intensification. joma vortices 

intensify gre&ly, others cb remain ieak, difficult to detect in 

the pressure field. The ideal rrretiod of invtistigating the 

causes of typheoon formation would be to cidssify the vortices of 

a lot+: serids of maps irito two cl~sas -- tii6 class of those that 

remain tie:& and the class of those thcit deepen rapidly end PISS a 

cert.&i arbitrary into;lsity. Then tne wind, tempdrdture, pressure, 

snd composition fields of two classes oug.t to b< coqlred closely 

to discovar IJh*t features are common LJ a.11 mezbzrs of the 

typhoon-:: epression class and absent frsrn tile wta;c-vortex class. 

iiork along these lines is already in ,xocgess. 

Fifth, typhoon tracks of the Sorth Pacific take on ti nzw 

siynificancti. *ye have so far not failed to trace back every 

typhoon studied to eitner a wave or a weaK vortex passing 

previously across the Btiini-Tarawa-braks axis. The heterogeneous 

typhoon tracxs on published maps, if extrapolated eastward, all 

pus tnrough this narrow "throat". It follows that we ought to 

improve typhoon forecastin& greatly by developing th% observational 

network in that area to a high degree. 

I expect you would li.<e to hav d heard something about the 

. 
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