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HOTES ON UHE BQUATORIAL FRONT.

By C.b. Stewart, Auckland Meteorological Ofiicge

This present paper is a preliminary investigation into
the phenom ns experienced in egquatorial regions and 1t is an one-
deavour to rarghall into some semblance of ordeyr the various ldeas,
theories and faucts, which have been zleaned from forecasting
aggociatlion with those areas. It ig to be hoped that the contents
will be of value ag a baasls on which we can mould, modify and en-
large with increase in knowledge, data and experiences,

fhen Pan American Alrwaye extended their Operational Alr
lines of the pacifie to include New Zealand, the onus wag on the
Kew Zealand CGovernment Meteorological Office to furnish all
weather reports and data neceéssary in the neiphbourhood of the
route from Canton to Auckland, via Kingman Reef. (This was
later changed to via Suva and Noumea).

The tropleal and eguatorial reglons then became of added
interest and lmportance from both the synoptic and forscasting
viewpolnt. In order to atisln some asccuragy in forecasiing the
winds at Llying levels, the weather along the route and the ter=
minal landing conditions, an lovestigation to endeavour to undere
gtand the natural processes in the egquatorisl reglion wasg necessspy.

Pan american Alrways meteorological organization exchang~
ed their area weather maps among thelr branches, and in order to
obtain other peoples' ideas on the eguatorial region, an arrange-
ment wags made, whereby the Auckland Branch of the Hew Zealand
Government Meteorologlcal C0ffice received Moteorolopieal data and
maps 1n exchanuge.

Towards the end of 1939 snd early in 1940, reporting
stations were very snarse and the lnstruments and reports were
somewhat unreliable. 48 the P.AJA. service developed, so the
meteorological organization adyanced, sxcept that now the svrend
of war has caused a further upset.

at the outset it wmust be decided what 1s to Be tormed
the Eguatorial Front. It seemsg mogt useful to define the
Equatoriasl Front as the zone of convergence between the Northern
and Southern Hemisphere trade wind systems, placing the emphasis
on the convergence rather than the history of the alr masses
taking parte.

AL Lirset sight 1t appears sufficlent to consider 1t as
a boundary between the air masses belonging to the Northern und
Southern Hemiephere circulations. 4B such it would be poscidble,
theoretically, to have drawn it as a continuous boundary from one
side of the Pacific to the other, In actunl practic., such a
division of the Horthern and Southern Hemisphere alr wmases,
based purely on origin, doves not serve a very useful DUrpoBe.
peppermann has pointed out in several of his papers, 1t 1s quite
a common occurrence for two ailr masses to Ilow guletly side by
gide without any interaction and without sufficient dirference in
characteristica to make theilr separate recognition of any gyneptic
consequence. '"rhe greater wind systems of the atmosphere can be .
jnferred from the pressure distribution by the use of Buys ﬂul}ot 5]
Lawe On each side of the eguator are winds whlch &gve'an caglters
ly component, the Northeast and Boutheaat tradee,mexuendipg from
the high Fressure helts nearly to the Equator. Lbey have beep
conventionally regarded as separated by a helt of galma knywp as
"Jolurume", but the doldrums are not clearly savked all round the
Zguator, or at all tiues of the year,
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Brooks and Braby (Q.J. Roy. Met. Soc. 47.1921 pe1) have shown

*  that in the Bgquatorial Pecifie the phenomena appeared to be

‘ moat easily explained by the presence of a sharp surface of
discontinuity between the Northeast and Southeast trades,
particularly in the region east of longitude 180°., In this region
where the Southeast trade meets the Hortheast trade, the former
rises over the latter, giving heavy rainfall. Beals (monthly
wes ther review 55, 1927 p.218) hag shown that the doldrum zone
of . walms in the Lyuatorial Pacific is restricted to the shore
ends of the tropical belt over that ocean. This same 60 called
doldrum arvea can rluctuate in width and position, diminishes to
vanishing point, giving practically a surface of discontinuity
separating the northeast and southeast tradcs, at times produces
extenaive vertical convective cloud development and the heaviest
vatinfall can oceur in the mone of light winds." *

In defining the Equatorial front as a zone of convergence
vetween norihem snd southern hemipphere trade wind systems, it
is necessary to remevber that, as there 18 not always convergence
between these wind syetems, the Eguatorisl Front will not necess—
arily be contipnuous in either time oxr spuce.

Being considered as & gons of horizontal convergeuce in the
lower levels, the Equatorial Front is naturally & region where
there is a net ascent of air to higher levels (when divergence
occcurs there 1ls dhe descent of air). Aloft there is dlvergence,
where the air feeds the antitrade wind systems. It seems probe
sble that this Bguatorial convergence zone 1s assdéeiated with a
weakening, or more likely, the complete destruction of the irade
wind inversion, as was found in the Atlantic from the records of
the research ship "Meteor" and deseribed by Von Ficker (inversion
of the tradewinds). In such a region, there is a tendency for
convective unsteble conditions to extend to great helghts.
Vertical convective activity tends to take place on a larger
scale than in the neighbouring regions, where the trade wind
inversion is still prominent. Heavy rain squalls are typical
of an active portion of the Egquatoriasl Front.

It is found on occasions that the convergence may be con-
centrated in two wmore or less distinct zones separated by an un~-
disturbed replon of fair weather (can be on other occasions &
region of considerable activity and weather), this giving the
effect of a double eguatorial front. These two zZones may vary
independently in intensity. The case often arises where a
previously active convergence gone loses inteunsity and ultimat-
ely disappears while the other zone is wmaintained or intengif=-
ied, piving the appesrance of a rapid shif't, or jump, in the
position of the Bguatorial KFront. This reappearance of the
Bquatorial Front in a new position commonly involves &8 dlgplace=-
ment of tww great a magnitude to be ac.ounted for by the move-
ment of an actual air mass boundaery. :
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This effect of multiple convergence sones gimilar to that de-
scribed nbove for the Lguatorial Front may be confused with, or
produced by the arrival from high:y latitudes of a cold front.
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1t ie common for ihe cold front. lying in the troughs bLelwseh
gugcesslve mipratory anticyclones of the Southern Homlsph v

to be votarded nesr their Northern extremetlos, (southern
extremitics ln Horthern Hemigphere) eo that in the equatoridl
reglon, they bocowe oriented in a yractically Kast-~Went dirvection
and move towards the Equato¥® slowly. Complications 1o the ghape

of the Louatorisl Froot may be caused by intrupion of ihe cold
fronts lnto the equatorial reglon, or by einuosities ln the eiream
flow nlong the Equatoriel side of the Noyrthern Hemisphere anticy-
clonea. ‘these sinuositice typtoally glve decwveaning and vesring
{rast southeasterly) winds, followed by & shifi to gtrong gusty
Borthessterlles, accompanied by varying degrees of disturbed weuthor.
They heve bouome Known e fHorthern Hemisohore ﬁronghg“ and are noalb
congricuous in the region betwesn latitudea 5% and 25° I
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The name, “Northepnlemisphers froughs", is due to the F.i...
¥eteurologiate working in the Honolulu reglon. Phe troughs are
ugually oriented in a Rl direction and upually progreso nlowly
enstuvards sgeinst the flow of essterly trade windss. 'They can alse
take on the Yaot~Wesl orientation similar to that of ¢old fronts
whieh acvence from higher 1atitudes before sn setlve outbhurse of
cold aly. 1t 48 congidered that they can e acoounted for test

by BJerknes perturtations at high levels inducing a fluetustion iu
the lower levael wind syatcam and & disturbance in ihe wealher gimilay
to that of surieee ‘ronits

Nothing quite similsar to these “NortherHenisprere troughe®
or sinnosities have ae yet been noted in the sovthern Hemlsphere,
vut in the reglon of Santa Oruz Is. end New Calendomla, thore seems

to be & tendency for a ool to forme. Sharpening of thie col can be
acconpanied by bad weather and low ceilings and upuelly bevones
1inked to the cold front which moves up from the Southe

rettoreaen (Weather poalyaio snd porecunting) has shown
that convergence of the trade winds from both hemicpheres I'oXms
excallent kinemstic oconditlons for frontogenesis te ocour in the
dcldrums, but peinte out that the temperature aifrerence Lwetween
the trade winds of winter and summer hemlsphere parely smounts to

49 or 2° C.

Deppermann in "Weather and Clouds of Manils" stateg that
t.e airferences between the syade snd the gouthwegt mongsoon &re
slight and that there ig 1ittle evidenoce of mush overrunninge He
provides au axception, however, when the trade surges back
accompanied with wel, vather dark Cumilus or Rirbus clouds,

ggualls and heovy ghowerts

Frow tlme to time » relatively shsrp frontak swiance
such ss this, wey be ohserved in the western helf of the .scific,
when & relatively oool elr mass intrudes into the EQﬁﬂtb?iﬂl
regiou, ususlly, from the winter hemisphers. In these CRBOS,
there is usually 8 aiscontinuity 1in aind strengih acrees the
front with stronger winds on the side of the zntrud1§gtair.
often the procese is dus to the building wp of &nwinmayse agti-
eyclone, which causes a "Push® of alp acroes the qugtur- r;ha

. tya jectories of the aiy on such pocagions have beﬁn caﬁeultted by
opimes in his WHovement of air acrogs the squatore Lhe“LqPitg
orial yront in thess circumstances is ofveu of a ralny type ¥

e mbun rdated with the
sbus apd Altostratus apd with Cumulonini aggociated Withh LUE
ﬁiu&ll iine: In this example, the position may have boen coupld
. - [ R X ]
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cated and confused with the éold front which precedes the outburst
of the cold air of the anticyclone.

It is more ueual, however, for there to be Insuificient den=
sity difference Letween the air sapses concerned Tor & sloving
gurface to be formed or for appreciable overrunning to take place.
Norually the Fguatorial Front is simply a rether brosd resion of
doldrums where light and slightly convergent winds produce mildly
diaturbed weather, Here there is a greater tendency towards
scattered cumlus oy cumulonimbus development than in the neigh-
bouring regions of true trade winds, where cloud 1s more predominafte
1y stratocumulus (so called "rrade wind cunulua") limited sloft by
the trade wind loversion. In the doldrum reglon the wagakening apd
vossible lifting or complete destruction of the inversion . 1lows
freer convection, and scattered. showers result.

Varying amounts of Altocumulus (type Cm = 6) snd cirrus
(typicully Cy = 3) may be present, probably originating from the
apreading ou% of the middle portions and tops of oeccasional Cunul-
onimbus clouds. this spreading out of the middle and topsg of
cccasional cumilonimbus clouds can take place in front and behind
the cloud, or can be more marked in one direction &han in the other
and the extent of this spreading may cause confision as regards the
type of "front® likely to be experienced by the pilot.

The features described in the alove paragraph may ve respong—
ible for the appearance of the Bguatorial Front to take on gome of
the characteristics of a warm front. In thig case the explanation
appears to be that the push of air causing the digplacement takes
plage Cirst at hich levels (possibly at iluversion level) and later
near the surface. It aleo seems to indicate that the vertical
convection will not necessarily be maintained and hence the Hguat=

rial ¥ ont apparently has warm front characteristics,

The degree of activity of the eguatorial convergence zone nay
vary considerahly. In ite wore inteuse situte convective setivivy
takes place on & large scale = Cumulonimiusm, altostratisg, altocwnilus
and oirrus are present in abundance and freg.iont heavy railn sgualls,
low cellinga and deep cloud make flying conditione unpleasant and
hazardouse

This inteusificstion may take place in a variety of waye.
Sometimes it ls agsoclated with the narrowing of the belt of doldrums,
ag may occaglonally be caused by the intensification of anticyclones
on both sides of the Equatorial zone, resulting in an increase of the
presyure giradients and a strengthening of the trade winds with congee
guent narrowing of the doldrum zone of vather flat presgsure distribut-
ion. Sometimes the greatest activity is centred on the two - outer
edgea of the doldrum Zone. In this case, there is usually s notice-
abke contrast betwesen the steady, mode ate or fresh, trade winds out-
slde and the light variable winde within the doldrum zone. it times
this situatlon develops into one of a single and relatively sharp
Equatorial Front by the intensification of the activity along one of
these edges, logether with a lessening and disappearance of activity

at the other edrs.

Again, the replon of the equatorial front gsometimes becomes one
of divergence, 1nstead of eonvergence. Then Lhe activity diminishes
and the weather improves. The equatorial Front becomes so dii'fuse
and indistinet that it seems to disappear completely from the region.
tihen thip stare is reached and provided there is no appreciahle cone
tract in alr masses, there sseems little to be gained by marking a

contimwous front on the synoptic chart.

The Equatorial Front may oscillate in posi.lon as the anti-
cyelonle regions on elther slde vary in intensity, or as depressions
oroyclones are formed. Neur the Eguator, where the coriolls force »
is neglipible, the tendency is for the air to move across the lsobars
from the higher to the lower pressures. As this pressure increaces
on one side of the aguator, velative to the other, t?ereqis a
tendency towards @ transport of air across to the alde of }?weru "
preagure, or in other wordes, an anticyclone appears to exert a “push

on the Bouatorial Front. o
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% The winds at Ocean Island way provide an excellent example of
transport ol alr across the Equator. It has been found that when
the winds back from the light Easterly directions right round to
the west and then begin to freshen, therse is ugually "something
brewing" either in Worthern or Southern Hemisphevres - in the tase
of the Bouthern Hemisphere, 1t seems that cyelone clroulation or
vorticity hes been completed in the flat low preassure ured.

Then agaln, when the winds turn vest at Canton Jaland, squally,
changeable and showery weather ias generally experienced, rather in-
dicating on occagions, cold fronts which have been pushed acrosas the
Equator from the Horthern Hemlaphere.

Pronts of appreciable intensity are gseldom observed during
equinoxes and the position of such an equatorial front is ascertain-
ed when cyclones form on 1t, or in the neilghbouring region. rt
equinoctial periods, the temperalures are approximately equal in both
hemispheres. The stronrest fronts are found 1n late sumier, or late
winter, when the temperature difference is & maximuile

In locating the Hquatorial Front, great reliannce ia placed on
upper wind reports, which give clues to the reglons of convergence and
divergence. Unfortunately, hovever, the pilot baloon network in the
pacific Island reglon is still very sparss. Very important, also, is
the recognition of sky conditlons Purtunutely, the network of
suriace obgpervations has been greatly improved in the last year or iwo,
although in some portloens, 1t 1g still rather open. At present the
recognition and location of the Equatorial Front still depends on the
ability and experience of the analyste Until recently, one important
type of informafion has besn entirely lacking for the Pacllic region,
viz., upper alr temporature dutas with the institution in Piji of
daily aireraft ascents, the observations should prove of -reat interest
in pummer, when the Bquatorial 7oont moves Southwurds towards Fiji.

I desire ito express my appreciation of the encouragement and
advice which I received from Mre. J.4. Day, Pon Amorican Meteorologlst
while he was stationed in Auckland.
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