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Numerosas, nutables y cun frecuellcia altamente revel a
doras observaciones de gran altura realizaclas con mucho 
exito en los ultimos tres afios por los satelites meteorologicos 
TIROS, han hecho posiblE's ampJios y significativos adelantos 
en el campo de In meteol'ologia tropicaL Se ha ayunzado en 
el mejor entendimicnto de la incidencia, cstructUl'U, des
a:rrollo y aim Ia dinamica de huracanes y tHones y sus 
etapas iniciales se han conocido rapidamente (Dunn, C. E. 
et al., 1963; Fett, R. W., 196~ a y h; Fritz, S., 1962 Y 
Sadler, J. C., 1963). Es bien sahido el notable exito de los 
satelites al descubrir tales sistemas tropicales y seguirlos a 10 
largo de sus camhios en el tiempo, pero se conoce menos 
el real acierto de esos satelites al descubril' y seguir lo:! 
cambios en tiempo y proporcionar informacion fundamental 
sobre la estructura y dinamica de otros sistemas tropicales, 
especialmel1te aquellos relacionados con 10 que se llama 
comiinmente "la CIT". La "CIT" 1, que es todavia una 
entidad en controversia, ha sido observada frecuelltement.e 
y bien por los satelites TIROS. 

En este trabajo se presentan muchas conclusioncs y 
generalizaciones basadas primordialmente en informacion 
que han l)roveido los satclites TIROS. Tambien se utilizo, 
cuando estaha disponible, informacion suplementaria en 
el estudio que llevo a esos resultados incluyendose datos 
sin6pticos convencionales y otros que se obtuvieron durante 

* Laboratorio de Satelites Meteorol6gicos, U. S. Weather Bureau, 
Suitland, ll:]d. 

1 Este termino, entre comillas, se usa aqui en sentido restrin
gido refiriendose al fenomeno presente en la atemosEera real, obser
va do, entendido 0 no. POI' ello no es sin6nimo del tenniuo -la 
CIT- como generalmente se usa 0 se encuentra en la literatura y 
no se' refiere a ninglm concepto 0 modelo anterior. Al contrario, se 
refiere al suceso atmosferico real de tal concepto 0 modelo, usandose 
u falta de mejor h!rmino como designacion simbOlica transicional 
para mantener una relaci6n con la previa terminologia mas conocida. 
Se necesita un nuevo Hhmino mas l'!~alista. 

1ST. SESSroX 

IN THE TROPICS 

"THE INTERTROPICAL CONVERGENCE" AS 
REVEALED BY THE TIROS WEATHER 

SATELLITES 

H. M. JOHNSON" 

The numerous, remarkable, often highly revealing, high 
altitude observations obtained during the past three years 
by the very successful TIROS weather satellites have made 
possible a number of significant advances in the field 01 
tropical meteorology. Gains which have been made toward 
an improved understanding of occurrence, structure, develop. 
ment, and even dynamics of hurricanes and typhoons and 
their early are rapidly becoming known (Dunn, C. E. 
et al., 1963; Felt, R.W_, 1963 a and h; Fritz, S., 1962 and 
Sadler, J. C., 1963). The notable success of the satellites in 
detecting such tropical systems, and in following them and 
their changes through time, has become relatively well 
known. Less well known is the real success of these satel· 
lites in detecting, following time changes of, and providing 
fundamental information on the structure and dynamics of 
certain other tropical systems, notably those associated with 
what is commonly called "the ITC". "The ITC", 1 which is 
still a controversial entity, has been observed frequently and 
well hy the TIROS satellites. 

TIlis report presents several conclusions and generaliza
tions which are based primarily upon the information pro
vided by the TIROS satellites. In the study which led to 
these results supplementary information has also been utiliz· 
ed, when available, and includes conventional synoptic datu 
and data obtained on several special well-instrumented reo 

* JUetearolagical Satellite Laboratory, U. S. W-eather Bureau., 
Suitland, Md. 

1 This term, as used with quotation marks, is used here in l\ 

rectricted sense. It refers to the phenomena present In the renl 
atmosphere whether observed or understood or not. Thus it is not 
synonymous with the term -the ITC- as usaully used, or as general
ly used in the literature, and does not refer to any earlier concept 
or model. It refers, instead, to the real atmosphere counterparts of 
these concepts and models. It is used in the absence of a better 
term as a transitional symbolic designator and to maintain a relation· 
ship to the older more widely known terminology. A more realistic 
new term is ne£ded. 
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vuelos especiales por aparatos de investigacion instrumental 
cerea y dentro de "Ia CIT". Acompaiian a este relato ejem· 
plos selectos de fotografias de TIROS particularmente revela· 
doras de "la CIT" para ilustrar algunos fenomenos observa· 
dos pOl' satelites. Por breve, este informe solo puede ser una 
introducci6n al interesante, importante y relativamente com· 
plejo tema dcsde el punto de vista de meteorologia de satelites. 

EI estudio que llevo a esas conclusiones considera todas 
las regiones meteorologicas y las variaciones estacionalcs a 
traves de los afios. Mas que intentar resumir to(las las reo 
giones y todas las estaciones en este breve informc, deseamos 
restringirlo a la presentacion de algunos hechos salientes 
que explican con'diciones tipicas observadas en areas del 
Oceano Pacifico central y oriental y del Oceano Atlantico 
tropical. Las fotografias de TIROS presentan condiciones 
observadas en dichas areas oceanieas durante varios dias de 
Agosto, que revelan diferencias tipicas regionales y diarias 
y tamhien para un dia en Enero y otro dia en Marzo. Se 
esta preparando un resumen detallado de resultados del eg

tudio inicial de "Ia CIT" para publicarse en 1964. 
Han sido mul' discutidos en Ia literatura y en las esta

dones de prevision asi como en Jas universidades y otws 
Iugares "Ia CIT" y sus equivalentes conceptuales, refle.ian· 
dose en tales discusiones muchas notahles inccrtidumbres y 
reales desacuerdos. Hace un os diez afios se presento un exce
lente resumen de tal confusion par el Profesor C. E. Palmer 
en el Compendio de Meteorologfa (1951) que publico la 
Sociedad Meteorologica Americana. Allll subsiste mucho de 
tal confusion. Entre otras cuestiones que se presentan todavia 
se cueutan las siguientes: l hasta que punto "la CIT" es un 
frente 0 parecida a un Irente? (, Nunca es un frente? (, Es pa· 
recida oca.3ionalmente a un frente? (. No se parece general. 
mente a un frente en algunas regiones 0 se parece general
mente a un frente en otras regiones? lAbarca apreciables 
contrastes de temperatura de mas as de aire 0 no? lLe faltan 
en algunos sitios tipicos contrastes de temperaturas de masas 
de aire? l Le falta generalmente una pendiente bien defi
nida? l Queda normalmente aislada y continua por gran des 
distancias? l Es 0 llega a ser una entidad continua alrededor 
de la Tierra? l Es rara vez 0 generalmente doble 'f l Es gene· 
ralmente 0 ram vez diseontinua? l Es angosta, tipicamente 
con an chura de unas cuantas decenas de millas? lO alcanza 
generalmente muchas decenas y centenares de millas de an· 
chura? l Hasta que punto Ia caracteriza un cambio de vien· 
to? l Se mueve generalmente continua 0 diseontinuamente? 
l Hasta que punto persiste? l Que debe considerarse comu 
"perturbaciones" de "la CIT"? Podriaagregarse olras mu· 
chas aqui. 

Puede uno pregulltar de veras: l Que pasa realmente en 
"la CIT"? 

Tambien se puede preguntar: l Que tan real 0 cual es la 
real significaci6n atmosferica de la larga y angosta llnea do· 
ble, a veees Hamada "via de ferrocarril" y comunmente usada 
en cartas tropicales de superficie para representar "Ia CIT"? 

Por fortuna. los satelites TIROS han arrojado mucha 
luz sobre estos asuntos y han dado algunas respuestas con· 
cluyentes y cierto numero de respuestas pal·ciales. 

search aircraft flights made near and across "the ITC", Se· 
lected examples of particularly revealing TIROS pictures 01 
"the ITC" are presented with this report to illustrate some 
of the phenomena which are observed by the satellites. The 
report, heing brief, can he no more than an introduction, 
from the point of view of satellite meteorology, to this in· 
teresting, important and relatively complex suhject. 

, The study which led to these conclusions considers all 
tropical regions, and seasonal variations through several 
years. Rather than attempt to summarize for all regions and 
all seasons in lhis brief report we have chosen to restrict 
this report to a presentation of a few highlights which reo 
present typical conditions observed at the central and eastern 
Pacific Ocean areas and at the tropical Atlantic Ocean. The 
TIROS pictures present conditions observed at these oceanIc 
areas during several August days, to reveal typical regional 
and day·to·day differences, and also present conditions for 
a day in January and a day in March. A detailed sum· 
marization of the results of the primary study of "the lTC" 
is heing prepared for publication in 1964. 

In the literature, and at forecasting stations as well a~ 

at universities and elsewhere, "the ITC" and its conceptual 
equivalents have heen much discussed. These discussions 
have been marked by conspicuous uncertainties and real dis· 
agreement. An excellent summary of the confusion that exist· 
ed about a decade ago was presented by Professor C. E. 
Palmer in the Compendium of Meteorology (1951) pub. 
lished by the American Meteorological Society_ Much of this 
confusion has continued to the present. Among the many 
questions still raised are the following: To what extent is 
"the ITC" a front, or front-like? Is it never a front? Is it 
ocsasionall y front· like ? Is it generally not front-like in some 
regions, but more often or generally front· like in other reo 
gions? Does it usually not involve appreciable air-mass tem
perature contrasts? Does it, at particular places, typically 
involve air· mass temperature contrasts? Does it generally 
lack a well defined slope? Is it normally single and contin
uous for great distances? Is it usually, or ever, an entity 
continuous around the Earth? Is it rarely, or generally, 
double? Is it generally, or rarely, discontinuous? Is it nar· 
row, typically of a width of a few tens of miles? Or is it 
generally many tens or hundreds of miles in width? To what 
extent is a marked wind shift inyolved? Docs it generally 
move continuously, or discontinuously? To what extent doe~ 
it persist? Does it frequently dissipate locally, only to reform 
elsewhere? What may be considered to be the "perturba
tions" on "the ITC"? Many others might be listed here. 

. One may fairly ask: What is really happening at "the 
fTC"'? 

One may also fairly ask: How realistic is, or what is 
the real atmosphere meaning of, the long narrow double line, 
sometimes called a "railroad track", which is commonly 
placed on tropical surface charts to represent "the IIC"? 

Fortunately the TIROS satellites have shed much light on 
these matters, and have provided some conclusive answers 
and a number of partial answers. 
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Las observaciol1es de TIROS muestran que la entidad lla
mada usualmente y muy seguido libremente, la CIT y simbo
lizada por la doble linea convencional sobre cartas tropicales, 
debe considerarse util y reallsticamente como zona de activi
dad. A ella nos referimos como la zona de "la CIT". !l En ge
neral, la actividad atmosferica en la zona es claramente dife
rente de zonas adyacentes y tambien en general, de mayor 
amplitud relativa que en las mismas zonas. Dicha mayor am
plitud de actividad generalmente es eonvectiva y a veces in
tensamente, aunque incluye ondas, vortices y ciclones tropica
Ics. La actividad abarca una caracteristica variedad de tipos 
cada uno dc los cuales representa un tipo de sistema atmos
[erico. los sistemas se escalonan desde eampos debilmente 
organizados de actividad convectiva relativamente intensa, 
eomo anchas nubes de altos cumulus, hasta bien desarrollados 
ciclones. Son caracteristicas las nubes en cumulonimbus, aun
que puedan faltar en los sistemas mas debiles cuyo conjunto 
se mencionara como sistema 0 sistemas de la zona de "Ia 
CIT" (0 sistemas "CIT"). 

La entidad "CIT" puede tambien utH y realisticamente 
co"nsiderarse, en un momento dado, como una secl[enci(~ de 
sistemas atmosjericos gcneralmente extendida de este a oeste 
que se encuentra dentro y caracteriza a la zona de "la CIT". 
En una region particular, dicha seeueneia puede en 10 gene
ral variar grandemente en sus detalles dla por dia y consi· 
derablemente en el mismo dia. En cualquier momenta pucde 
ocupar una parte (no toda) de la correspondiente zona de "Ia 
CIT". Vcr "Ia CIT" seria como ver el sistema de Hubes () 
sistemas asociados con uno 0 mas de los sistemas atmosfericos 
de la zona de "la CIT" e indicaeiones de movimiento atmos
Jerico que inducen estas nubes. En tal senti do "la CIT" pue· 
de apreciarse bien des de aviones de investigacian y a veces 
ser observada por los satelitcs meteoro16gicos TIROS_ 

EI termino ~-la CIT-tal como se usa no estableee esas 
distinciones y puede referirse a illl sistema particular de 
nubes, a un sistema atmosferico, a una secuencia de siste
mas vistos 0 no como a una zona de actividad 
vista 0 no como tal, a un concepto estadistico mas hien que 
sinoptico 0 a otros conceptos. Tales distinciones a 
tener importancia tearica 0 practica. Determinado sistema 
"CIT" puede ser pequeno, aislado 0 altamente transitorio. 
Otros sistemas pueden ser grandes a variaI' considerable
mente en detalle, pero persistir como perturbaciones defini
das pOI' una 0 mas semanas. En contraste, la zona de actividad 
en las areas oceanieas prineipalmente consideradas ahora e,:; 
caracteristicamente muy pcrsistente. En su secuencia de siste
mas componentes en y espacio, la zona de actividad 
es una importante componente de la circulacion 

LA ZONA DE "LA CIT" Y SUS SISTEMAS 

En areas del Pacifico tropical central y oriental y del 
Atlantico tropical observaciones de TIROS revelan que 

::I (0 zeIT para distinguirla de In convencional y diversu 
CITZ). 

The TIROS observations show that the entity usually, 
often loosely, referred to as the lTC, the entity symbolized 
by the conventional double line on tropical charts, may be 
usefully and realistically considered to be a zone of activity', 
This we refer to as the zone of "the ITC". 2 The atmospheric 

in this zone is generally distinctly different from 
that of adjoining zones, and is conspicuously en
hanced relative to that of the adjoining zones. The enhanced 
activity is generally convective often intense con
vective activity, but may indude waves, vortices and tropical 
cyelones. The activity is of a characteristic variety of typet5 
each representing a type of atmospheric system. 'TIms the 
systems range from weakly organized fields of relatively in
tense convective activity, as of towering cumulus clouds, 
to well developed vortices. Cumulonimbus clouds are charac
teristic, hut may be absent in the weaker systems. The 
systems are referred to as systems in or systems of the zone 
of "the ITC" (or "ITC" ;;:,,,,tp·m"l 

The entity "the ITC" may also be usefully and realistical. 
ly considered to be, at a particular time, an extended gen
erally east-west sequence of atmospheric systems, the se· 
quence of systems which lies in and is characteristic of the 
zone of "the ITC". This sequence, at a particular region, 
gcnerally varies greatly in detail from day to day, and may 
vary considerahly within a day. At any given time it occu
pies part of (not all of) the corresponding zone of "tlle 
ITC". To see "the ITC" would he to see the cloud system 
or systems associated with one or more of the atmospheric 
systems of the zone of "the ITC", and to see the indications 
of atmospheric motion which these clouds provide. In this 
sense "the ITC" may be well seen from research aircraft, 
and may at times be well observed by the TIROS meteor
ological satellites. 

The term -the ITC- as usually used does not make 
these distinctions and may refer to a particular cloud system, 
to an atmospheric system, to a sequence of whether 
viewed or a sequence or not, to a zone of activity whether 
viewed as a zone of activity or not, to a statistical rather 
than a synoptic concept, or to other concepts. Such dis
tinctions may he of both practical and theoretical import
ance. A particular "ITC" system may be small, isolated or 
highly transient. Other systems may be large and vary con
siderably in detail but persist as disti.nct disturbances for 
a week or more. In contrast, the zone of activity, in the 
oceanie areas primarily considered here, is characteristically 
very persistent. The zone of activity, with its time and space 
sequences of component systems, is an important component 
of the circulation. 

THE OF "THE ITC" AND ITS SYSTEMS 

At the central and eastern tropical Pacifi.c and tropical 
Atlantic areas the TIROS ohservations reveal that, particu-

2 (or ZITe, to distinguish it from the conventional, and dif· 
ferent, ITCZ.) 
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particularmente en Ia estacion calida del Hemisfedo Norte, 
la zona de "Ia CIT" tiene las siguientes caracterlsticas no· 
tables; nonnalmente es muy facil distinguirla de las clara
mente diversas zonas adyaccntes, a saber, 1) Ia zona de 
alisios del noreste, hacia el norte, con BU representati \'U 

variedad de formaciones de cumulus de alisios en las areas 
central y occidental y tipicas condiciones de estratocumulus 
eelulares en las areas orientales de los oceanos y la zona 
relativamente seea de los alisios del sureste, al sur, con sus 
caracterlsticas lineas y bandas de cumulus de alisios y otrus 
grupos eonvectivos en condiciones generalmente abiertas. Las 
fronteras entre la zona de "la CIT" y esas zonas adyacentes 
en general son relativamente firmes y a veces, notahlemente 
firmes. La zona de "la CIT" en tales areas se aproxima tipi
camente a unos 5° de latitnd en an chura, la cual puede 
llegar en tiempos a 10°. Normalmente, en las areas del Pa· 
cifico, del Atlantico oriental y al norte del ecuador en el area 
del Atlantico occidental Ilega a 10° N. Puede extenderse 
a 10 largo de un generalmente situ ado de este a oeste 
por miles de milIus, pero no necesariamente cireunda la 
Tierra. En este aspecto difiere de la zona del corredor ecua· 
torial como se la mira convencionalmellte. Dentro de la 
zona de "la CIT" Iosalisios son cOl1vergentes en angulos 
Il1UY abiertos, aunque pueden serlo mas 0 menos claramente 
en una zona relativamente ancha de vientos muy ligeros 
rio variables. Dentro de esa zona la convergencia puc de 
ser poco 0 muy marcada y tambien haber divergencia, 10 
mismo que ascenso 0 clescen80 a varias escalas de manera 
regular, habiendose observado indicios de conveccion eHmi· 
nada por inversion. Dentro y entre los sistemas de la zona 
de "la CIT" comunmente existen areas de condiciones rela· 
tivamente abiertas (es decir, condiciones de nubes delgadas, 
pequeiias y escasas, representando conveccion debi! elimiria
da). En 0 cerca de eUas tambien hay amplia evidencia de un 
parcial equilibrio local entre ascenso y descenso a varias esea· 
las. Estos fenomenos ilustran un importante principio gene
ral, a saber: intima asociacion de unidadcs, grupos y siste
mas de nuLes conveeti vas que representan ascenso intensifi· 
cado loealrnente en tales esc alas y rodeadas freeuentemente 
por areas relativamente 0 muy abiertas, que indican descenso 
o snbsidencia y aacenso eliminado a las mismas escalas. 

La zona de "la CIT" se reladona intimamente con Ia 
zona del corredor ecnatriul, aunque difiere principalmente 
par tener en principio acth"idad convecth·a organizada y 
sistemas atmosfericos que han ohservado los satelites y en 
consecuencia, limites alga diferentes. A 10 menos, en apa
riencia, son tambien mucho mas discontinuas, asociandose a 
veces en el area del Pacffico con una angosta faja de antici· 
clones subtropicales troppsfericos superiores. Sin embargo, 
tambien existe cuando 1a cresta en el aire es debil 0 Ia reem· 
plaza una amplia eorriente de alto nivel del oeste que mues
tra los convencionales cambios de estaci6n en su posicion. 

La zona de "la CIT" con frecuencia tiene Iutima rela· 
cion can vortices debiles, los euales usualmente se observan 
hacia el polo en la. posicion normal de seeuencia de los 
sistemas "CIT". AIWIDos vortices se localizan claramente en 

larly during the Northern Hemisphere warm season, the 
zone of "the ITC" has the following noteworthy character
istics: It is normally very distinguished from the 
distinctively different adjacent, zones, namely; 1) the zone 
of the northeast trades to the north, with its characteristic 
,rariety of trade cumulus formations at the central and west
ern areas, and with characteristic cellular stratocumulus con· 
ditions at the eastern areas of the oceans; and the rela
tively dry zone of the southeast trades to the south, with it! 
characteristic trade cumulus bands, and other convcc
tive groups in otherwise generally open conditions. The 
boundaries between the zone of "the ITC" and these adjacent 
zones are generally relatively sharp, and are often remark
ably sharp. The zone of "the ITC" at these areas is 
ly approximately 50 of latihlde in ''''idth, but may at times 
become 100 wide. It is normally near 100 N at the Pacific 
and eastern Atlantic area~, and is normally near but north 
of the equator at the western Atlantic area. It may extend 
along a generally east·,vest axis for thousands of miles, hut 
does llOt necessarily extend around the Earth. In this respect 
it differs from the equatorial trough zone as conventionally 
viewed. Within the zone of "the ITC" the trades may can· 
verge at a very slight angle, or sharply, or less clearly at a 
relatively broad zone of rathel' light and/or variable winds. 
Within it llet convergence may be marked, or slight, and 
local divergence does occur. \Vithin it ascent and descent, on 
several scales, occur regularly, and evidence of inversioll 
suppressed convection has been ohseryed. Between and within 
systems within the zone of "the ITC" areas with relatively 
open conditions (that eonditions having few, small, or thin 
clouds and representing weak or suppreflsed convection) 
oceur commonly. At and near it evidence of partial locai 
balance between ascent and descent, OIl seVeral scales, is 
abundant. These phenomena illustrate an important 
principle, whieh is: In general, convective cloud units, 
groups, and systems, representing locally intensified ascent 
on these several scales are closely associated with, often sur
rounded by, relatively open or very open areas, which re
present Oll the same scales descent or subsidence and sup
pressed ascent. 

The zone of "the ITC" is very closely related to the 
equatorial trough zone, differing mainly in being based pri
marily upon the satellite· observed organized convectice activ
ity and atmospheric systems, and therefore somewhat 
different limits. It is also, at least apparently, much more 
discontinuous. In the Pacific area it is at times associated 
with a narrow belt of upper tropospheric subtropical anti· 
cyclones. It is also present, however, when this aloft 
is weak, or is replaced by an extensive high level ,vestedy 
current. It shows the conventional seasonal changes in po
sition. 

The zone of "the ITC" is often closely associated with 
weak vortices. These commonly occur poleward of the normal 
position of the sequence of "ITC" systems. Some of these 
vortices are clearly in the zone of "the ITC", Some are 
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la zona de CIT" y otros pocos cIaramente fuera de dich£l. 
zona. Annque algunos son evidentemente transicionales e 
intermedios en ese aspecto, con frecuencia conviene consi· 
derarlos como situados en la zona de "la CIT", pues por 
10 menos algunas de las convecionales "perturbaciones de 
la CIT" son vortices de esos tipos. Otros 111timamente se 
asocian 0 equivalen a ondas de alisio. Sin embargo, otros 
sistemas dentro 0 cerca de la zona de "la CIT", que se han 
considerado como ondas de alisio, apenas 0 no indican movi· 
miento de vortices 0 alguna circulacion horizontal verda· 
dera. As! rcsulta que existell varios tipos de ondas de alisio 
y que algunos sistemas que antes se consideraban como 
tales son realmente vortices d6Mles. Pocos vortices son sufi
cientemente marcados 0 siquiera evidentes en las cartas de 
superficie sillopticas, 10 cual se debe en parte a que muchos 
existen en areas con pocos datos. A pesar de ello, se sabe 
ahora que los vortices Lagrangianos debiles, como SOIl cier· 
tamente algunos, pueden no marcarse claramente en cartas 
convencionales 0 secciones de tiempo, aun si hay buenos da
tos, pero quedan bien evidentes en fotografias de TIROS. 

En general, las fotografias oceanicas de TIROS pueden 
no ofrecer un cuadro Euleriano sino otro Lagrangiano, en 
contraste con areas terrestres cuyas fotograflas de TIROS 
casi siempre presentan 10 que es primordialmente un cuadra 
Euleriano ya que montanas, islas, costas y otras areas tienen 
rasgos de condiciones topograficas y superficiales que ejer
cen influencia modificadora. Aunque a veces ambos cuadras 
puedan parecerse mucho, en ciertas condiciones son comple
tamente diversos como sucede en el caso de ondas dc alisio. 
En el cuadra (Euleriano) convencional son perturbaciones 
ondiformes en una corriente de alisio; en el cuadra (Lan· 
grangiano) de TIROS son vortices de£inidos en una corrien· 
te de alisio. . 

Una zona cercanamente comparable en actividad a la 
zona de "la CIT" del Hemisferio Norte parece inexistente 
de modo regular en el Hemisferio aunque Sl ocurren 
sistemas cOl1vectivos comparables en los cuales se han obser
vado a veces secuencias bastante extensas de manera ge
neral este·oeste. Debiera notarse que se conocen sistemas 
aislados de actividad convectiva relativamente intensa en 
muchas areas de latitudes bajas; por regIa general en areas 
que son claramente favorables annque tambien con una dis
tribucion laxa que no se ha entendido bien y con marcadas 
diferencias regionales. La distribucion de tierra y agua y 
especialmente dc calentamiento superficial en areas terres
tres ejercen claramente influencia moderadora importante .. 
Las perhlrbaciones atmosfericas y las cOl1vergencias tam
bien deben ser de gran importancia. 

Las condiciones de areas del Paclfico central y oriental 
(pero no de otras) parecen representar U11 (txcepcional grado 
de desarrollo de un fenomeno mas general y en tal sentido 
son un caso extremo. Las condiciones de areas en el Atlan· 
tico tropical indican que existe claramente una zona de "]a 
CIT", aunque es mas francamente variable en tiempo y 
region y menos para un desarrollo extremo como en el area 
del Pacifico. En areas del Pacifico mas oriental existen 

clearly outside of this zone. Although some are clearly in· 
termediate or transitional in this respect it is often con
venient to consider these to be also in the zone of "the ITC". 
At least some of the conventional "perturbations of the 
ITC" are vortices of these types. Certain of the vortices are 
very closely related to, or are equivalent to, easterly waves. 
However, other systems in or near the zone of "the lTC' 
which have been identified as easterly waves show little or 
no evidence of vortical motion or any real horizontal circul· 
ation. It is now clear that several types of easterly wave 
occur, and that some systems conventionally considered to 
be easterly waves are in fact weak vortices. Few of these 
vortices are clearly marked OIl or even evident on synoptic 
surface charts. This is at least partly due to the fact that 
many occur in data·sparse areas. However it is now clear 
that weak Lagrangian vortices, which some of these certainly 
are, may not be clearly marked on conventional charts and 
time-sections even when good data are available, yet may he 
clearly evident in the TIROS pictures. 

In general, oceanic TIROS pictures present not an Euler
ian view but a Lagrangian view. At land areas, in contrast, 
the TIROS pictures often present what is primarily an 
Eulerian view, as at mountains, islands, coasts and elsewhere 
where topography and land surface conditions are control. 
ling influences. Although at times the two views may be 
closely similar, for some conditions they may be quite dif
ferent, and this appears to be the case for these easterly waves. 
In the conventional (Eulerian) vie",- they are wave·form 
perturbations in an easterly current; in the TIROS (La
grangian) view they are distinct vortices in an easterly 
current. 

A zone closely comparable in activity to the Northern 
Hemisphere zone of "the ITC" appears not to occur regularly 
in the Southern Hemisphere, although comparable convective 
systems do occur there, apd these have been observed to 
form at times fairly extensive generally east-west sequenccs. 
It should be noted that isolated systems of relatively intense 
convective activity occur rather commonly at many low 
latitude areas, generally at areas which are clearly unusually 
favorable, although also with a scattered distribution which 
is not well understood. Regional differences are generally 
marked. The distribution of land and water, and surface 
heating particularly at land areas are clearly important con· 
trolling influences. Atmospheric disturbances and conver
gence must also be of major importance. 

The conditions of the central and eastern (but not far 
eastern) Pacific areas appear to represent an exceptional 
degrce of development of a more gencral phenomenon, and 
in this sense an extreme case. The conditions at the tropical 
Atlantic area represent a distinct occurrence of a zone of 
"the ITC" but one distinctly more variable with time and 
region and less a development extreme than that of the Pa· 
cific area. The far eastern Pacific are<:t has rather different 
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condiciones muy diferentes y altamente variables, as! como 
una zona de "la CIT" mucho menos marcadas que en el 
Atliilltico tropical. 

Para resumir, las caracteristicas salientes de la zona de 
"la CIT" son: 1) su buena definicion y contraste con zonas 
adyacentes; 2) h1 significativa variedad de sistemas que 
oeurren en ella; 3) sus vortices asociados; 4) su alto grado 
de variabilidad de sistemas Call eI tiempo; 5) las condi
dOlles relativamente abiertas 0 muy abiertas 0 de hiato 
dentro de ellas; 6) su persistencia como zona de actividad 
intcnsificada; 7) su restringida extension latitudinal y consi
derable longitudinal y 8) sus marcadas diferencias regionales 
f'Tl intensidad, extension y tip os de sistemas componentes. 

LAS FOTOGRAFIAS DE TIROS 

Para apl'eciar mejor la significacion y vaHdez de estas 
generalizaeiones respecto a la zona de "la CIT" y para con-
5iderar en detalle los sistemas de esa zona y sus caracteris
ticas",. es necesario estudiar cuidadosa y comparativamente 
las fotografias de TIROS. Cada una merece a 10 menos unas 
mil palahras, pues en la epoca actual no haymejor substi
tuto para tan valiosas fUentes de informacion. 

En Ia breye presentacion de las fvtografias de TIROS 
que sigue, solo se haran algunos comentarios para Hamar 
la atencion a ciertos rasgos principales, dejiindose al lector 
encontrar, considerar y comparar a 10 menos alguno de los 
rnuchos detalles significativos restantes. Una discusion mas 
detallada de las condiciones que muestran tan reveladoras 
fotografias deshorda el alcance de este breve informe. 

FIGURA] 

Esta £igura muestra las condiciones del area del Atlan
tico al noreste de Ia saliente dc Brasil. La figura presenta 
6 fotografias relacionadas en secuencia de la A a la F, toma
das al pasar el satelite hacia el lloreste sohre esa area. 3 

Las fotografias B a F· muestnm anchas bandas multiples 
de actividad convectiva relativamente intensa en la zona de 
"la CIT", aproximadamellte entre 5° N y 15° N. Extensas 
condiciones relativamente abiertas separan las bandas den
tro de la zona. La fotograffa F muestra hien las condicionc,.; 
muy abiertas al sur de las bandas y la saliente de Brasil 
eerca de la base de la fotografia en (4', 4") _,~ En las foto-

:; La snperposicioll que muestra detalles identicos en fotografias 
adyaeentes propClrciona la continuidad que proporciona una vista inte
gratIa general de las condiciones observadas. La direc.cion norte 
vertical a Ja parte central de cada fotografla y las indicaoiones d'2 
latitnd son aproxillladas, aunque casi correelas para ciertos rasgo:! 
illlportantes del centro. Las line as de longitud aproximada SOli casi 
verticales en las diferentes fotografias. Esta disposicion perlllitio colo
car las fotograHas en la figuru y se uso en otras de esta serie. 

4 La posicion de los detalles en cada fotografia se indica cOllci
samellte pOl' media de Ull sistema de coordenadas cartesianas segull 
el c.ual: 1) el origen, 0, esta en el Angulo suroeste de la {Qtografin 

and highly variable conditions and has a zone of "the ITC" 
which appears to be even less marked than that of the 
tropical Atlantic. 

To summarize, outstanding characteristics of the zone of 
"the ITe" are: 1) its distinetness from and contrast with 
the adjacent zones; 2) the significant variety of systems 
that occur within it; 3) its associated vortices; 4) the high 
degree of variability with time of its systems; 5) the rel
atively open and very open or gap conditions within it; 6) 
its persistence as a zone of enhanced aetivity; 7) its re
stricted latitudinal but considerable longitudinal extent; 8) 
its marked regional differences in intensity, extent, and types 
of component systems. 

THE TIROS PICTURES: 

To appreciate hetter the significance and validity of these 
generalizations concerning the zone of "the ITC", and to 
consider in detail the systems of this zone and their char
acteristics, it is necessary to study the TIROS picture~ 

carefully and comparatively. Each is worth at least a thou
sand words. There is at this time clearly no substitute for 
these invaluahle sources of information. 

In the following brief presentation of TIROS 
only a few eomments are made, to direct attention to certain 
major features, and it is left to the reader to find, consider, 
and compare at least some of the many other significant 
details. A more detailed discussion of the conditions shown 
in these revealing pictures is beyond the scope of this brief 
report. 

FIGURE 1. 

This figure shows conditions at the Atlantic area north
east of the bulge of Brazil. The figure presents 6 related 
pictures, in sequence from A to F, taken as the satellite passed 
going northeastward over this area. 1I 

Pietures B to F show multiple major bands of relatively 
intense convective activity in the zonc of "the ITC" between 
approximately 5° Nand 15° !'{. Extensive relatively open 
eonditions separate the hands within this zone. Picturc F 
shows well the very open conditions to the south of the 
bands, and shows the bulge of Brazil near the bottom of the 
picture at (4', CV). 4 Inversion dominated trade wiud cellular 

3 Overlap showing identical details in adjoining pictures provides 
the continuity which permits an illtegrated overall view of the con· 
ditions observed. The north direction is vertical at a central part of 
eaeh picture, and the latitude indications are approximate but nearly 
correct for certain ceutral major features. The approximate longitude 
lines rUIl nearly vertically through several pictures. This scheme de
termines the placement of the pictures in the figure, and is used in 
the other figures of this series. 

4 Positions of details in each photograph are concisely indicated 
by ll1eans of a Cartesian coordinate system according to which: 1) the 
origin, 0, is lit the southwest comer of the picture, Of at the corner 
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B y C aparecen estratocumulus celulares de vientos 

alisios dominados porIa inversion, tipicos de las partes sub· 
tropicales del Atlimtico y del Pacifico orientales. La fron· 
tera entre ambos tip os de cumulus se marca claramente. Un 
"artiee dentro de la zona de "la CIT" y las anchas bandas 
"CIT" en una etapa inicial de la T. T. Becky existe cerca 
de 20° N en la fotografia A, mostriindose el centro cicl6-
nico de (9', 1.5') en la misma y otros muchos detalles. 

FIGURA 2 

Esta figura muestra condiciones en la misma area del 
Atlantica en otros cuatro dlas. EI extremo de la saliente de 
Brasil, un buen punto de referencia, se indica pOl' una linea 
discontinua y la letra B. El par fotogrUfico L y M muestra 
condicioncs de casi 24 horas· antes y la fotografia Q de 
c3si 2,1, horas despues de la Figura 1. El estratocumulus 
eelular se muestra bien en la fotografia 1. Las fotograflas 
L y M indican que el multiple bandeamiento de actividad 
convectiva intensa existe en toda la zona de "Ia CIT" y que 
las hand as estan menos hien desarrolladas y la zona mas 
abierta cn estc temprano momenta, Dos dias despues hay 
m[ls actividad conycctiva intensa, incluyendo grupos de nn· 
bes cumulonimbus dafamente cvidentes con cubiertas de 
cirrus en forma de yunque, seglin la fotografia Q, formando 
una ancha banda principal muy extcndida al oeste (indi. 
cada) y que por el este a la circula66n de Becky 
(no indicada), mucho mas intensa en este momenta poste
rior. La fotografia H muestra una handa principal com· 
parable. pew algo mas ahierta, en la zona de "Ia CIT" en 
Itt misma area, si hien una semana antes de la indicada 
en 1a fotografia Q. Ambas bandas principales alcanzan ma:; 
de mil millas y tambien se Yl'n en las totografias angostas 
"lineas de nubes" (pequefias bandas) de cumulus y cierta 
yariedad de bandas men on';; m(\s anchas. 

En estas Iotogra{;u'S la banda principal, una banda me
nor componente 0 un grupo componente de nubes cumulo
nimbus pueden eonsidenuse como un sistema de la zona de 
"Ia CIT", represe]1tando rada una Ia condici6n particular, 

o en el ungula '"mas rercano ul suroeste" (es decir, queda en el 
intefvalo desde casi al suroeste hasta el suroeste franco y alm el 
su;·) <-- notf"e que vertic<lh1l('ntc easi mama hacia arriba la direc· 
don nortt'; 2) cl extremo "occidentar' de la fotografia (que puede 
variar desde un horde aproximudamente al noreste a traves del 
oeste franco hasta un borde suroeste por el sitio del imgulo en 1) 

de arriba) se considera dividido en lIna escala lineal (0 eje y) que 
':"D-e de 0 a 10 y no cslli marcado ell la fotogra!la; 3) el borde 
"sur"' de la fotografia (que tambien varia desde casi al suroeste 
baBta el sureste) lambien debe considerarse dividido en una escala 
lineal (0 eje x) entre 0 y 10. As!, usando estos ejes de coordenadas 
imaginarias, (5,5) serla el centro de In fotografia (0,0) seria el 
origen; (1, 1.5) esturia cerea del angulo de referenda y (2', 3') 
estaria en el cuadrado de referenda formado por el interl'alo 1.5 n 
2.5 del eje x y el intervalo 2.5 a 3.5 del eje (es decir, el cuadrado 
eon unidades laterales del eje x centradas ell x = 2 y del eje )' 
centradas en y == 3). Este metodo, mas fucil de usar que de des· 
()ribir, substituye al plllltel'O luminoso que se uso cuando las 
Be proyectaron en la conIerencia de la Ciudad de Mexico. 

stratocumulus, typical of the eastern subtropical parts of the 

Atlantic and Pacific, is well shown to the north of the 
bands in pictures Band C. The boundary between the two 
types of cumulus is clearly shown. A vortex associated witll 
the zone of "the ITC" and these "ITC" major bands, an 
early stage of T. S. Becky, is shown near 20C N in picture 
A. The cyclone center is shown r..ear (9', 1.5') in picture A. 
Many other details are also well shown. 

FIGURE 2. 

This figure shows conditions at the same area of the 
Atlantic on four other days. The tip of the bulge of Brazil, 
a good reference point, is indicated by a dashed line and 
the letter B. Picture pair Land M show conditions about 
24 hours earlier and picture Q shows conditions about 24 
hours later than those shown in Fig. 1. The cellular 
stratocumulus is well shown in picture L. Pictures Land 
M show that multiple banding of intense convective ac
tivity is present in the zone of "the ITC", and that the 
bands are less wen developed and the zone is significantly 
more open at this earlier time. Two days later more in· 
tense convective activity, including clearly evident groups 
of cumulonimbus clouds with spreading anvil cirrus tops, 
shown in picture Q, form a broad major band which 
extends far to the west shown) anti which extends 
eastward into the circulation of Becky (not shown) which 
was significantly more intense at this later time. Picture 
H shows a comparable but somewhat more open major 
band in the zone of "the ITC" at the same area but a 
week earlier than that shown in picture Q. Both of these 
major bands extend for over a thousand miles. Narrow 
cumulus "cloud lines" (small bands) are also clearly 
shown in these pictures, as are a variety of larger minor 
bands. 

In these pictures a major band, a component lesser or 
minor band, or a component group of cumulonimbus 
clouds may be considered to be a system in the zone of 
"the ITC". Each represents a particular condition and a 

which is "most nearly southwest" 0. e., lies in the range from just 
south of west through true southwest to and including south:i 
- note that vertically upward approximates the lIorth direction: 
2) the "western" edge of the picture (which may vary from all 
approximately northwest edge through true west to a southwest edge 
because of the corner cOllvention of 1) above) is considered 10 be 
divided into a linear scale (or y-axis) which runs from 0 to 10 and 
is not marked on the picture; 3) the "so11th" edge of the picture 
(similarly from almost southivest to southeast) is also to 
be considered to be divided into a linear scale (or x-axis) which 
runs hom 0 to 10. Thus, nsing these imaginary coordinate axes, (5,5) 
would be the picture center, and (0,0) would be the origin; 
0, 1.5) would be near the reference corner, and (2',3') would be 
l:n the reference square formed by the x-axis interval 1.5 to 2.5 and 
the y-axis interval 2.5 to 3.5 (i. e., the square with unit sides having 
the x-axis side centered at x = 2 and the y-axis side centered at 
y = 3). This scheme, which is easier to use than to describe, is a 
substitute for the flashlight pointer which was used when tl1ese 
figures were presented as slides at the Mexico City conference. 
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tipo y grado de organizacian. Sin embargo, en este informe, 
la palabra sistema se refiere a las entidades mas grandes a 
men os que se diga otra cosa. 

Las fotografias A y B muestran bien U11 vortice relati· 
vamente abierto asociado con amplias bandas de intens<1 
actividad convectiva en la zona de "la CIT". Grupos de 
nuhes cumulonimlms reiinen los extremos occidentales de las 
dos bandas mas grandes, existiendo una amplia area de 
condiciones abiertas entre elias que se extiende a la circu· 
lacian del 1'Ortice. N6tesc una area relativamente abierta 
como ojo en el centro del vortice, cerca dc (1.5', 3.5') en 
Ia fotografia A. La saliente de Brasil qucda justamente 
fuera de la fotografla B cerca de la marca de 40° W. An
gostas "lineas de nubes" (pequeiias bandas) de altos cumu
lus son claramente visibles en el vortice y en las bandas 
mas gran des del norte. 

FIGURA 3 

Esta figura presenta una secuencia fotografica de condi· 
ciones en el area central del Pacifico observadas el mismo 
dia de la fotografia H de la Fig. 2. La fotografia A muestra 
las principales islas de la cadena de las Islas Hawaii, cuya po
sicion aproximada es: Hawaii (4.5,6), Maui (3.5,7), Oahu 
(2, 7) Y Kauai (1, 7.2). Lanai y Molokai tamhien se mues· 
tran claramente. La fotografia A muestra una variedad de 
grupos de nubes en la circulacion de alisios del noreste y va· 
rios sistemas mayo res en la zona de "la CIT" al sur. Las foto· 
grafias B y C muestran mas claramente los detalles de los sis
temas"CIT". Un tfpico grupo de bandas relativamente abier
tas de actividad convectiva intensa alcanza varios cient08 de 
millas al este desde Ia longitud 160° W con un aparente 
vortice al oeste de ella, 10 cual se muestra bien cerca de 
(1', 5') en Ia fotografia B. Densos cirrus atrihuibles a actio 
vidad de cumulonimbus son aparente8 en el sistema del vor
tice en (1.5', 3.5') en la fotogra£la C y otra5 partes de las 
fotograffas B y C. Debe notarse que pudieron obtener8e 
en el vuelo informes del tiempo muy diferentes al cruzar 
los aviones esta zona en actividad de "la CIT" en varias 
rutas diversas. Las tfpicas condiciones muy abiertas de Ia 
zona seca ecuatorial se muestran bien al sur de 5° N. AIgu
nas "lineas" (pequefias handas) de cumulus en la circula· 
cion de alisios del sureste de est a zona seca aparecen en 
(6.5', 4') y otros puntos de la fotografia E. Una muy am· 
plia y relativamente angosta banda convectiva existe al sur 
de 10° S marcando el borde de la adveccion ecuatorial a 
gran eeeala hacia el eeuador, asociada con un gran ciclon 
subtropical visihle cerca de (9', 2') en la fotografia F. 

FIGURA 4 

Esta figura muestra las condiciones a1 suroestc de Hawaii 
dos dias despues. La IBla Hawaii queda en la parte superior 
izquierda de la fotografia A, sin verse bien en ella. Las foto
grafias C y D muestran detalles, aun pequenas bandas de cu· 
mulus, de un sistema abierto de bandas multiples en Ia zona 
de "la CIT". La fotografla C muestra que los vue los podrfan 

type and degree of organization. In this report, however, 
the word system refers to the larger entities unless other
wise indicated. 

Pictures A and B show well a relatively open vortex 
associated with extensive bands of intense convective activo 
ity in the zone of "the ITC". Groups of cumulonimbm 
clouds connect the western ends of the two largest 
nnd an extensive area of open conditions lies betl'ieen 
them and extends into the circulation of the vortex. Notc 
an eye-like relatively open area at the center of the vortex, 
near (1.5', 3.5') in picture A. The bulge of Brazil is just 
off picture B near the 4,0° W label. Narrow towering 
cumulus "cloud lines" (small bands) are clearly visible in 
the vortex and in the northern of the largest bands. 

FIGURE 3 

This figure presents a picture sequence that shows con· 
ditions at the central Pacifie area which were observed on 
the same day as those shown in picture H of Figure 2. 
Pieture A shows the main islands of the Hawaiian Island 
chain. The island positions are approximately: Hawaii (4.5, 
6), :Maui (3.5,7), Oahu (2,7), Kauai (1,7.2). Lanai and 
Molokai are also clearly shown. Picture A also shows a 
variety of cloud groups in the northeast trade flow, and 
several major systems in the zone of "the ITC" to the south. 
Pictures Band C show more clearly the details of the "ITC" 
systems. A typical relatively open group of bands of inten
sive convective activity extends for hundreds of miles to 
the east from longitude 160° W. An apparent vortex is 
shown west of 160° W. This is well shown near (1', 5') in 
picture B. Dense cirrus attributable to cumulonimbus activity 
is apparent at the vortex system, as at (1.5', 3.5') in picture 
C and elsewhere in pictures Band C. It should be noted 
that very different flight weather reports could have resulted 
from flights crossing this zone of "ITC" activity on variolls 
different tracks. The typically very open conditions of the 
equatorial dry zone are well shown south of 5° N. Small 
cumulus "lines" (small bands) in the southeast trade flow 
of this dry zone are shown at (6.5', 4') and elsewhere in 
picture E. A very extensive relatively narrow conveeti ve 
band is shown ncar 10° S. This band marks the equator
ward edge of large-seale equatorward adveetion associated 
with a large subtropical cyclone which is visible near (9', 
2') in picture F. 

FIGURE 4 

This figure shows conditions southwest of Hawaii two 
days later. The Island of Hawaii is included in the upper 
left part of picture A but is not well shown in this picture. 
Pictures C and D show details, including cumulus small 
bands, of an open multiple band system in the zone of "the 
ITC". Picture C shows that flights could cross the zone of 
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cruzar la zona de "la CIT" en ciertas lineas en este momento 
y encontrar no muy intensa actividad convectiya. Una ancha 
bunda "CIT" se extiende al este desde casi 150° W cerca de 
5° N. Un gran vo1'tice debil con numerosas y pequefias ban
das puede verse al mreste de Hawaii en las fotografias A y B. 
£1 centro ahierto se muestra en (8.5', 3') en ]u fotografia A y 
tambien en la fotografia B, asi como: un sistema en la zona de 
"la CIT" muy al oeste; la zona seea ecuutorial relativamente 
abierta al sur; pequefias handas de altos cumulus en lu zona 
seca y una extensa banda convectiva cerca de 100 S que se 
ve hien de casi (1, 3.5) a (7, 2) en la fotografia F. Todas 
ias fotografias de esta figura tienen conspicuas areas de con· 
diciones relativamente abiertas y muy abiertas. 

FIGURA 5 

Ista presenta las condiciones en el area del Paci-
fico oriental norte durante el mismo periodo de Agosto COlI 
sistemas de la zona de "la CIT", incluyendo vortices aso
ciados y algunos cambios de tiempo. Las fotograHas A y B 
muestran: banda" multiples cerca de 10° N; nubosidad mas 
umplia a1 este; condiciones re]ativamente complejas y ahier
tas a1 oeste que incluyen un posib1e vortice pequeno que se 
muestra en (4.5' 5.5') en 1a fotografia B y 1a ZOlla seca 
reIativamente abierta al sur. Un debil vortice se muestnL 
bien a1 oeste en la fotografla A, con centro en (2', 4') en 
la misma fotografia. La T. T. Ava queda justamente fuera 
de esa fotografia a1 este, mostrandose condiciones relativa
mente abiertas al sur del par de vortices y extensas forma
ciones de estratocumulus de alisios al norte. La fotografia 
H muestra la misma area al dia siguiente y las condiciones 
que existen al este ell el mismo dia en la Figura 3. Todavia 
se aprecian condiciones relativamente abiertas al sur del 
par de vortices. Las bunda;: mUltiples de la zona. de "Ia 
CIT" representan actividad convectiva realmente mas in
tensa que en la fotografia, COIl allgulos visuales (imgulos de 
obicto del nadir) al sur de 10° N relativamcnte desfavora
bl~s" revelando que la ZOlla se ahre algo en esta area en di· 
cho momcnto. Las bandas tambien revelan lIna distrihucion 
de activldad cOllvectiva muy cambiada. 

Las fotograflas L y M mllcstran otro par de vortices cn 
la misma region dos dias mas tarde y 1.5 horas antes del 

de la secuenda de la Figura 4. En la fotografla 
L aparccen un cidon tropical relativamente intenso, Hamado 
reallsticamente "huraC£m C" por J. C. Sadler (1963) y 
areas asociadas de condiciones significativamellte abiertas. 
Los estratocurnulus cellliares, dominados por inversion, se 
extienden bien hasta la circulacion de esIe ciclon tropical, 
mostrandose una angosta banda convectiva muy larga en la 
zona de "Ia CIT" cerca de 10° N. La fotografla M muestra 
bastantes delaUc" de BU estructnr£t y el aspecto casi-celular 
de su intensa actividad com-ectiva, as! como lin debil vor
tice y sus condiciones asociadas muy abiertas a1 norte de 
la principal banda convectiva. EI centro abierto de eete 
vortice se muestra en (3', 8') en la fotografla M, aunque 

"the ITC" on certain tracks at this time and encounter very 
little intense convective activity. A major "ITC" band ex· 
tends eastward from about 1500 W near 5° N. A large weak 
vortex with numerous small bands is visible south-east of 
Hawaii in pictures A and B. The open center is shown at 
(8.5', 3') in pieture A, and is also shovm in picture B. Also 
shown are: a in the zone of "the ITC" far to the 
west; the relatively open equatorial dry zone to the south; 
towering cumulus small bands in the dry zone; and an exten· 
sive convectLve band near 100 S which is well shown from 
about (1, 3.5) to (7, 2) in picture F. Areas of relatively 
open and very open conditions are conspicuously present in 
all of the picture of this figure. 

FIG'CRE 5 

This figure presents conditions at the eastern north 
Pacific area during this :?ame August period, and shows 
systems of the zone of "the ITC", including associated vor· 

and some time <;;hanges. Pictures A and B show: mul
tiple banding near 10° ~; more extensive cloudiness to the 
east; relatively complex and open conditions to the west 
which include a possible small vortex that is shown at 
(lk5', 5.5') in picture B; and the relatively open dry zone 
to the south. A weak vortex is well slwwn to the west in 
picture A. Its center is shown at (2', 4') in picture A. T. S. 
Ava is just off picture A to the east. Relatively open con
ditions are shown just south of the vortex pair and extensive 
trade stratocumulus formations are visible to the north. Pic
ture H shows the same area a day later, and conditions 
which are east of those shown for the same day in Fig. 3. 
Relatively open conditions are still present south of the 
vortex pair. The multiple bands vI the zone of "the ITC" 
represent convective activity which is more intense than is 
clearly apparent in this picture, for the viewing angles 
(object nadir angles) south oj' 10° N are relatively unfavor
able, but reveal that the zone is relatiyely open at this area 
and at this time. The bands also reveal a much changed 
distribution of the convective activity. 

Pictures Land M show another vortex pair in the same 
region but two days later and L5 hours hefore the time 
of the sequence of 4. A relatively intense tropical 
cyclone, the storm realistically called "hurricane C" by J. C. 
Sadler (1963), and associated areas of significant open con· 
ditions are well 8how-n in picture L. The inversion dominated 
cellular stratocumulus is shown extending well into the cir
culation of this tropical cyclone. A very long relatively 
narrow cOllvective band of the zone of "the ITC" is shown 
near 100 ~. Picture M shows well details of its structure, 
and the quasi-cellular aspect of its intense convective activ
ity. A weak vortex and its associated very open conditions 
are well shmm in picture M north of the major convective 
band. The open center of this vortex is well shown at (3', 
8') in picture ::VI. The vortex is also shown in picture 1. 
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tambien aparece en la fotografla L. La zona seca caracter!s
ticamente abierta existe al sur de la principal banda "CIT", 
es decir, al sur de 5° N. 

La fotografla Q, con las condiciones del Pacifico central 
siete dias despues, muestra una etapa posterior y menos 
intensa del gran cidon tropical de la fotografia L, cuyo 
centro ahierto del vortice aparece en (7', 7') en la foto· 
grafia Q, asi como las muy signifieativas condiciones aso
ciadas muy abiertas. Entre 5° N Y 10° N, en Ia zona de 
"la CIT", aparece bien en la fotografia Q una larga y rela· 
tivamente angosta banda convectiva, asi como un aparente 
vortice pequeno asociado cerca de (5', 3'). Al sur aparece 
de nuevo Ia zona sec a ecuatorial relativamente abierta. 

FIGURAS 6, 7 y 8 

Para comparacion, cstas figuras muestran condiciones 
entre mas 0 mcnos 105° W y 180° W, a 10 largo de la zona 
de "la CIT" del Pacifico, como se observaron el 17 de 
Agosto de 1961. Notese Ia variedad de sistemas en la zona 
de "la CIT", los vortices asociados, las formaciones de cu· 
mulus de alisios, las condiciones ampliamente abiertas ~ 

la zona seca. 
La Figura 6 muestra: nubes de cumulonimbus sobre 

Mexico; la parte sur de Baja California; una gran area 
abierta al sur y al este de Baja California; un gran vortice 
eerca de 15° N al este; una ancha area de intensa acti
vidad convectiva en la zona de "la CIT" al oeste, norte y 
sur de 10° N; una amplia zona seca relativamente abierta 
y grupos convectivos relativamente amplios, pero disemi
nados al sur del ecuador. 

La Figura 7 muestra: una extensa formaci on de estrato· 
cumulus y estratos al oeste de California y Baja California; 
Ia parte norte de Baja California; formaciones y grupos de 
cumulus de alisios; una amplia banda principal en la zona 
de "la CIT", cerca de 10° N; un vortice 0 aparente vortice 
u "onda" al oeste, casi alSo N, con amplias condiciones 
asociadas relativamente abiertas; una segunda banda prin. 
cipal "CIT" al este del vortice y una extensa zona seca muy 
abierta al sur quc incluye cierto numero de "lineas" (pc
quenas bandas) de altos cumulus en Ia corriente del alisio 
del sureste. 

La Figura 8 muestra: las Islas Hawaii; un vortiee abier
to cerea de 15° N y 1600 W; un vorticc ampliamente abierto 
eerea de 15° N y 170° W COll condiciones asociadas muy 
abiertas; una zona inusualmente nubosa (bandas princi
pales) extendida alnoreste desde el vortiee occidental; llna 
amplia banda principal en la zona de "la CIT" que llega 
a la circulacion del vortice occidental; una zona seca rela
tivamente abierta al sur que incluye numerosas y pequefias 
band as de altos cumulus en Ia corriente del alisio del sur
este y otros detaUes importantes. Tambien aparecen muchos 
otros detalles en estas figuras. 

FIGURA 9 

Esta figura presenta una secueneia fotogra£ica que 
muestra condiciones en el area del Pacifico central en Enero 

The characteristically open dry zone is shown south of the 
major "ITC" band, that south of 5° N. 

Picture Q, of conditions in the central Pacific seven days 
later, shows a later and less intense stage of the major 
tropical cyclone shown in picture L. The open center of this 
vortex is well shown at (7', 7') in picture Q, as are the 
associated significant very open conditions. A very long 
relatively narrow convective band in the zone of "the ITC" 
is well shown in picture Q betvveen 5° Nand 10° N. A 
closely associated small apparent vortex is also well shown, 
at and near (5', 3'), ill picture Q. The relatively open equa· 
torial dry zone is shown again to the south. 

FIGURES 6, 7, A:'-ID 8 

These figures show, for comparison, conditions from 
about 105° W to 180° W along the Pacific zone of "the 
ITC" as observed on 17 August 1961. Note the variety of 
systems in the zone of "the ITC", the associated vortices, 
the trade cumulus formations, the extensive open conditions, 
and the dry zone. 

Figure 6 shows: cumulonimbus clouds over Mexico; the 
southern part of Baja California; a large open area south 
and east of Baja California; a large vortex near 15° N to 
the east; a wide area of intense convective activity in the 
zone of "the ITC" to the west, and north and south of 
10° N; an extensive relatively open dry zone; and relatively 
large but scattered convective groups south of the equator. 

Figure 7 shows: an extensive stratus and stratocumulus 
formation west of California and Baja California; the north
ern part of Baja California; trade cumulus formations and 
groups; an extensive major band in the zone of "the I1'C" 
near 10.0 N; a vortex, apparent vortex, or "wave" to the 
west, and near 15° N, with extensive associated rdatively 
open conditions; a second major "ITC" hand east of the 
vortex; and an extensive very open dry zone to the south, 
which includes a number of towering cumulus "lines" (small 
bands) in the southeast trade current. 

Figure 8 shows: the Hawaiian Islands; an open vortex 
near 15° N, 160° W; an extensive open vortex near 15° N, 
170° W with associated very open conditions; an unusus.l 
cloudy zone (major band) extending northeastward from 
the western vortex; an extensive major band in the zone 
of "the I1'C" which extends into the circulation of the west· 
ern vortex; an extensive relatively open dry zone to the 
south, which includes numerous towering cumulus small 
bands in the southeast trade current; and other details of 
impOltanee. Many other details are also well shown in these 
figures. 

FIGURE 9. 

This figure presents a picture sequence which shows con· 
ditions at the central Pacific area in January and reveals 
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y rcyela que tambien exj~ten vortices de Inyierno en la zona 

de "Ia CIY"', EI centro del yortice aparece en (0', 8') en 18 
fotogrnfia E y lamhicl1 ~e comprueba cn Ja Iotografla D, 
La handa principal asoeiada ll1ucstr(l mlllLiplc bandFumiento 
y una rstrudllra l'elatiyamentr abierta, as! eomo: una banda 
(wlltal al norte que tiene lIna aparente linea de turbolladaE 
a 10 largo del borde :::ur: (,(ll1dieionr:< muy nbiertas al Sllr 
de la banda frontal y al norte de la zona de "Ia CIT" y 
una amplia area de eondicion!'" muy abiertas al sur de los 
sistemas "CIT", en la zona seea eenatorial. 

FIGUUS lO, 11 y 12 

Estas Iiguras mucstran sistemas en la zuna de "Ia CIT" 
en el area elFI Atlfmtico tropical en Septiembre. La secueneia 
de ~i"temas "CIT'· que aparcce aqui se estudio tambien pOI' 
medio de a\iones de investigacion, 

La Figura 10 muestra Ires sistemas eom'ecti\'os cerca 
de Hlo ~ que consisten en aetiYas nubes de cumulonimbm 
y densos cirrus en YUl1qne que corren al norte en un niyel 
i'uperior de la corriente del su!'. Grupos de estratocumulus 
y eondiciones relath'amente abiertas apareeen al norle de 
la zona de "10. CIT". 

La Figura 11 mucstra do," sistemas principales en la 
zona de ':la CIT", cerca de 10° N, siendo el mas oriental 
el mismo mas occidental de In Figura 10, EI extenso sistema 
triangular es Ull grupo de nllhes de cumulonimbus qlll' 
ereeen activamente y tambien 10 es el mas pequeiio sistema 
triang'.J!ar al oeste del anterior. Condiciones muy abiertas 
"e muestran al norte de la ZOlla de "Ia CIT" r relativa· 
mente abiertas en la zona seea al sur. ena banda frontal, 
eon lIna linea de turbonadas aparece mny 0.1 norte y cumulus 
y estratocllll1ulllS de alisios mlly al sur, 

La Figura 12 muestra una variedad de sistemas en In 
ZOlla elc "In CIT" cerca de 100 aS1 como eondicione~ 

relativamente abiertas al norte y al sur de esos sistemas, 
tam bien al oeste en eslc ca~o, Estn secuencia ele sistemas 
"CfT' term ina en el '.orde nuboso qne aparece al oeste, EI 
mnplio sistema cerca de 200 N es una onda de alisio. La sa

Iiente de Brasil se muestra al sur. CUlllulus de alisios en 10. 
(;ol'rient(~ de alisios del sureste aparecen al este y 0.1 sureste 
de In salientI' del Brasil. 

Tambicn se muestran muehos detalles en estas figuras. 

Estu iignra mnestra condiciones en la zona de "Ia CIT" 
('en:a de 100 ]X preci!"amente al oeste de Mexico el 23 d,~ 

Marzo de 1962, npan'ciendo claramente una amplia area 
tit' banda;; multiples COll grupos de cumulonimbus y areas 
asoeiada::; de comlicioneR relativamcnte abiertas, as! como 
yicntos del oeste superiores a ni wI de los cirrus, Los e;:trato
clllllulus celulares ac/ycctiyos elel alisio, dominados por ill
\t'l'sion, se llIuestran hien al norte y tambien la::: pequ€'na" 
handa" de cumulus de la zona scca, indicalldo las primeras 
ulla circulat'ion de bajo niwl al norte y '11 110reste y las 
",egunda~ una circulacion 31 este. Notese la alllplia clrea de 

that vortices in the zone of "the ITC" also occur in Winter. 

The vortex center is shown at (6" 3') in picture E and is 
also well shown in picture D. The associated major band 
5hoW5 multiple handing and a relatively open structure. Also 
shown are: a frontal band to the north which has an apparent 
squall line along its southern edge; very open conditions 
south of the frontal band and north of the zone of "the 
ITC"; and an extensi ye area of vcry open conditions to the 
south of the "fTC" systems, at the equatorial dry zone. 

FJGCRES 10, 11 A,\,D 12 

These figures show systems in the ZOlle of "the ITC" at 
the tropical Atlantic area in Septemher. The sequence of 
"lTC" systems shown here is one that was studied also by 
means of research aircraft. 

Figure 10 shows three convective systems neal' lOr) N 
which consist of active cumulonimhus clouds and anvil dense 
cirrus streaming northward in an upper level southerly cur
rent. Stratocumulus groups and relatively open eonditiom 
are well shown to the north of the zone of "the ITC". 

Figure 11 shows two major systems in the zone of "the 
ITC" near 10° N. The easternmost one is the same as the 
werternmost one shown in Fig. ] 0, The extensive triangular 
system is a group of actively growing cumulonimbus clouds, 
as is also the smaller triangular system to the west of the 
large one. Very open conditions are shown to the north 
of the zone of "the ITC", and relatively open conditions 
are shown at the dry zone to the, south. A frontal band with 
a squall line is shown far to the north, and trade cumulus 
and stratocumlus are shown far to the south. 

Figure 12 shows a variety of systems in the zone of 
"the I'1'C" near lOO N. Relatively open conditions are shown 
to the north and to the south of these systems, and in this 
ease also to the west. This sequence of "ITC" systems tel" 
minates at the cloud edge shown to the we8t. The extensive 
system near 20 0 N is an easterly wave. The bulge of Brazil 
is well shown to the south. Trade cumulus in the southeast 
trade current is shown east and southeast of the bulge of 
Brazil. 

NIany other details are also well shown in these figurcs_ 

This figure shows conditions at the zone of "the ITC" 
near 10° N just west of Mexico on 23 March, 1962. An 
extensive area of multiple bands with cumulonimbus groups 
cwd associated areas of relati,-ely open conditions are well 
"hown. Upper westerlies are clearly indicated at the cirrus 
Ic,'el, The imersion dominated trade wind advective cel
lular stratocumulus to the north and the dry zone cumulus 
small bands and groups to the south are also well shown. 
The former indicatc a northerly and northeasterly low level 
flow, and the latter indicate an easterly flow. Note the ex· 
tensive area of H'ry open conditions off the coast of Mexico 
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condiciones muy ahiertas freHte a la costa de Mexico, limi· 
lando 31 estela parte norte de la zona de actividad COn

Yediva;·Otros llmnel'OSOS detalles apareceil claramente en 
esta exeelente secuencia de fotografias de TIHOS. 

which hounds to the eaBt the 110rthern paT! of the ZOIl(, 

of convecti re acti\i ty. Numerou>, other details are well shown 
in this excellent sequence 0.£ TJROS picture:-, 
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