
MODERN TRENDS IN THE TROPICAL METEOROLOGY OF THE AMERICAS

RECENT DEVELOPMENTS 
IN TROPICAL METEOROLOGY

It is one of the anomolous consequences of war 
that certain technical fields actually progress more 
rapidly during wartime than during eras of 
peace, even though those fields are prima
rily concerned with peacetime activities. Me
teorology is one of the fields which has so 
benefitted in the war just ended, and the reasons 
are rather clear. Since so many military operations 
were dependent upon meteorological advice, large 
numbers of men of scientific background were 
exposed to high-level university courses in me
teorology. With successful prosecution of the war 
the most important consideration, and with an 
abundance of men skilled in the meteorological pro
fession available, research projects could be under
taken by military and civil weather services on an 
unprecedented scale. With airplanes increasing in 
number to an even greater extent, and with the 
need for in-flight weather reports growing acute, 
great numbers of storms, including even violent 
hurricanes, were probed by aircraft. Areas hitherto 
meteorologically unknown were explored by pilots 
in their search for weather data. Again, wartime 
emphasis on the development of instruments 
brought new and more precise measuring devices 
to the weather forecaster. Improved punched-card 
techniques immeasurably aided the statistical me
teorologist and the keeper of weather records. Many 
of the results of research in electronics were given 
a practical application by the weather man.

The rate of advancement in the field of tropical 
meteorology is worthy of special note. Before the 
war the structure of the tropical atmosphere as 
a whole and the nature of its several types of 
weather disturbances were largely enigmas to me
teorologists, who had been primarily concerned 
with the weather of the temperate zones. The 
needs of a war whose supply lines and battles were 
so often profoundly influenced by the weather phe
nomena of the tropics demanded concerted effort 
toward solution of the forecasting problems in the 
zone surrounding the equator. The aid of the hand
ful of men with previous tropical weather expe
rience was enlisted and specialized courses were 
given (in Guam and Hawaii, for example). The 
U. S. Army Air Forces established the Tropical 
Weather Unit in Panama, and the University of 
Chicago organized the Institute of Tropical Meteo
rology in Puerto Rico. Both of these schools gave 
courses at University level. The program of learn
ing how to forecast tropical weather became 
highly successful.

Although the fundamental physical principles of 
meteorology apply equally well at all points on 
the earth’s surface, the absence of large horizontal
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temperature gradients and differences in the earth’s 
rotational effects combine to make tropical wea
ther phenomena very different from those of middle 
latitudes. In the following pages are discussed 
some of the principles and atmospheric models 
which pertain to tropical meteorology. Also men
tioned are a few of the recent developments which 
have served to augment our meteorological know
ledge and to increase our forecast accuracy. First 
to be dealt with is the climate of the tropics or, 
more properly, the climatic characteristics of each 
of the several main zonal wind systems which are 
found at low latitudes. The second phase conside
red will be the weather of the tropics, altrough 
the discussion will deal primarily with the various 
types of perturbations which occur in the wind 
systems and the resulting deviations from what a 
climatic study tells us should occur. It is the fore
casting of deviations from normal expectancies 
which offers the principal challenge to the meteo
rologist.

The discussion will concern itself mainly with 
the area surrounding Panama, although there will 
be occasional reference to regions elsewhere on 
the globe. For example, a few comparisons will be 
made between the climates of Panama and India. 
It will, of course, be necessary to touch only very 
lightly upon subjects which the meteorologist must 
have studied at great length.

CLIMATE OF THE TROPICS
The climate of Panama and its neighboring coun

tries is determined by two large wind systems and 
the boundary between them, (figure 1). The nor
thern of the two wind zones is commonly known 
as the “ trade-wind system” . The trades blow from 
the east, with a small component directed toward 
the equator. (It should be noted that in the northern 
hemisphere the component blows toward the south, 
while in the southern hemisphere it blows toward 
the north). The tradewind air is warm and, because 
of its trajectory, quite humid in the lower levels.

When forces are present which tend to lift the 
air, clouds and precipitation occur. In Central Ame
rica one of the most significant of such influences 
is the Continental Divide with its associated smaller 
mountain ranges. The trade winds are forced to 
ascend on the eastern slopes and thus, on the ave
rage, the east coast should have a higher annual 
rainfall than the west coast. The theory is well 
substantiated by observation. For example, Cristo
bal, on the Atlantic side of the Panama Canal, 
with its annual rainfall of about 130 inches, has 
nearly double the annual rainfall of Balboa, at the 
Pacific end of the Canal.

The normal rainfall ot the trade-wind zone is 
showery, with an afternoon maximum frequency 
over land and a nocturnal maximum over the water.

—  552 —



FIG I THE MAIN ZONAL WIND SYSTEMS OF THE TROPICAL AMERICAS,NORTH OF THE EQUATOR, IN 
SEPTEMBER

There is also a seasonal variation, since the trade- 
wind zone moves seasonally with the sun, being 
farthest north in summer and farthest south in 
winter. The climatic band determined by the trades 
moves latitudinally in just the same way. For 
example, the winter climate of Panama is usually 
typical of the trade-wind zone. At the peak of the 
summer season, however, Panama’s climate is con
siderably affected by the characteristics of the wind 
system which lies south of the trades.

The second feature of the atmosphere’s general 
circulation scheme which helps govern the climate 
of Central America is the southern boundary of 
the trade-wind system, commonly termed the “ inter
tropical convergence zone” , or “ ITC” . In a very ge
neral sense, this line can be defined as the zone 
of convergence between the trade-wind systems of 
the two hemispheres. However, detailed analyses 
carried on during the war have demonstrated that 
the ITC is not always so simple, that at certain 
places in the world, and during certain seasons, 
there are two zones, one a few degrees north and 
the other a few degrees south of the equator. Such 
a double structure, for instance, is very common 
in (Northern Hemisphere) winter in the Indian 
Ocean. There is also some evidence that it occa
sionally exists in and south of Panamá.

When two large masses of air meet, a broad-scale 
lifting motion necessarily takes place. Since the

capacity of air to hold water decreases the higher 
the air is lifted, the meeting place of the air masses 
is characterized by cloudiness and rain. The ITC 
is a globe-encircling phenomenon of this nature. 
In some parts of the world its activity is pro
nounced, in other parts it is an abnormally passive 
phenomenon. In Central America it is an important 
and active feature of the climatology.

In addition to having rainy characteristics, the 
ITC is also a region of temperature minimum. The 
air on either side of it is warmer than in the ITC 
itself. As it moves latitudinally over a particular 
spot the local temperature will inevitably drop 
—sometimes as much as 15°— and then rise as 
the ITC moves on.

In figure 2 the appearance of the ITC is illus
trated in three typical phases. The illustrations 
consist of vertical, north-south cross-sections, and 
depict typical cloud structures and accompanying 
rain. Unfortunately, perhaps, for the forecaster, the 
appearance of the ITC varies considerably. On one 
occasion it may consist of a single line of towering 
thunderheads. At another time, and the change can 
take place within a very few hours, it may be a 
broad band of thick, stratiform cloud from which 
steady (as contrasted with showery) rain falls. 
Again, it may be a series of lines of thunderheads.

On the average, the diurnal variation in activity 
of the ITC parallels that of the isolated showers
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Fig 2 -N o r t h -S o u t h  cross sections through the I T C ,  with three typ ica l distributions of cloud and rain 
The width of each picture is about 2 0 0  miles and the highest clouds shown extend upwards nearly 
six miles The vertical scale has been g re atly exaggerated for the soke of illustration.

of the trade-wind belt. Although the seasonal va
riation of the ITC in the Central America area is 
more than in some parts of the world, there are 
other regions where the seasonal movement is much 
greater. Traveling seasonally with the sun, its ave
rage location in winter is about 300 miles south of 
Panama Canal Zone and in summer is nearly the 
same distance north of the Canal.

The third governing factor in Central America’s 
climate is the zone of air lying equatorward from 
the ITC. Although not much is known of this zone, 
certain generalized statements can be made about 
it. Its winds, which differ from those of the trade- 
wind belt in that they tend to blow mostly from 
the south, often possess even a west component. 
On the other side of the world, in fact, during 
Northern Hemisphere winter in the Indian Ocean, 
this zone contains winds which blow almost exactly 
from the west. In some regions the surface winds 
of this belt are light and variable, a characteristic 
which has given rise to the application of the term 
“ doldrums” to the zone. In a sense situated as a 
sort of buffer zone between the wind circulations 
of the Northern and Southern Hemispheres, the 
equatorial belt is in a position to throw much light 
on the interrelationships between the meteorology 
of the two hemispheres.

The temperatures of the equatorial belt are lower 
than those of the trade-wind zone, and at the same 
time are higher than the temperatures within the 
ITC. Showers are frequent, with diurnal and sea
sonal characteristics similar to those of the ITC. 
In the trade-wind zone the wind direction is so

markedly steady that the eastern coasts of land 
masses are characterized by a pronounced maxi
mum of rainfall. In the equatorial belt, however, 
since the wind direction is much less steady, the 
windward coast is not as easy to define statisti
cally, with the result that the coast with the 
highest normal rainfall is more difficult to de
termine.

A local feature of the equatorial belt south and 
southwest of Panama, quite peculiar to this section 
of the world, is of great significance to the inha
bitants of the coastal plains of Ecuador and Peru. 
The Peru Coastal Current of the Pacific Ocean, 
flowing up from the south along the western shores 
of South America, is characterized by remarkably 
low water temperatures even when it reaches the 
equator. It exerts a powerful moderating influence 
on the lower levels of the atmosphere in contact 
with it, with the result that the coastal climate 
in this region is very similar to the summer climate 
of the central California coast. In a region extend
ing from a few degrees north of the equator south
ward into Peru, there is a remarkable deficiency 
of rain. Fogs are frequent, and temperature are 
so low, even at the equator along the Ecuador coast 
and on the Galapagos Islands, that personal comfort 
frequently demands the use of jackets during the 
day and blankets at night. The situation there is 
in great contrast with the popular conception that 
the equator is the most uncomfortably warm region 
on earth.

In the light of the above discussions, let us look 
at the seasonal climatic sequence of events in the
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Panama Canal Zone. The Zone lies well within the 
trade-wind belt from the middle of December 
through April. This is the hot, dry season, with 
very few shower occurrences. In May there is an 
abrupt change to a rainy regime because the ITC 
now is oscillating north and south over the Isthmus, 
and the temperature suffers a noticeable drop. The 
situation is quite comparable to the well-known 
“break of the monsoon” in India where, at Calcut
ta, for example, the hot, dry season ends abruptly 
in mid-June and is replaced by a rainy, cooler 
season. The change in season is just as much a 
break of the monsoon in Panama as it is India, 
although the occurrence is at a different time in 
the spring.

The Panama rainfall decreases slightly from 
May until mid-summer, when the ITC is statisti
cally so far north that the region is under the 
influence of the equatorial zone rather than the 
convergence zone. As summer ends the rainfall 
increases for the second time, reaching the yearly 
maximum in November, when the ITC is again 
directly over the Isthmus. During December pre
cipitation rapidly falls off and the temperature 
rises as the ITC moves southward to a latitude 
where it no longer affects the Canal Zone.

The seasonal climatic changes in Panama very 
closely resemble those of India. The differences are 
only in degree and in the dates of change from one 
zonal wind system to another. It should be men
tioned in passing that the winter climate of the 
northern sections of Central America, and corre
spondingly of the northern parts of India, is in
fluenced by zonal wind systems and zonal boun
daries normally associated with temperate latitudes. 
Even when the wintertime invasions of middle la
titude phenomena are taken into account, it is 
likely that the above sequences' are applicable 
everywhere in the tropics. The climatologist need 
only temper the degree and modify the timing of 
the occurrences according to latitude and to the 
characteristics of such geographical and orographic 
features as coast lines and mountain ranges.

WEATHER OF THE TROPICS

One of the most important products of the me
teorological profession’s activities is the forecasting 
of weather which deviates considerably from the 
climatological pattern, and it should be emphasi
zed that, in the tropics, daily weather occurrences 
resemble the climatological expectancy hardly more 
than in temperate latitudes. From the practical 
point of view the problem can be regarded in a 
simple manner. Climate is what would result if the 
major wind belts, and boundaries between these 
zones, remained in an undisturbed state and could 
be defined by latitudes typical for the season. The 
weather deviations, forecasting of which consti
tutes the principal burden of the meteorologist, are 
results of perturbations within the broad zonal 
wind belts or on the boundaries between them.

Within the trade-wind zone the most common 
perturbation is the shower (or thundershower). 
The diurnal variability of such occurrences has 
already been noted, as has the effect of contiguous 
land and sea masses. Standard middlelatitude fo
recasting techniques, dealing mainly with the stabi
lity of the air, its moisture content, and its wind 
characteristics, are equally applicable in tropical re
gions. During the war, however, a new and powerful 
tool became available to the tropical meteorologist. 
This tool is radar, whose utility in the meteoro
logical field was discovered through a peculiar 
circumstance. Military radar operators, attempting 
to locate such solid objects as planes or ships, found 
that their equipment often behaved erratically. 
After considerable research, it was found that the 
unexplained effects were due largely to meteoro
logical factors. Abnormally long ranges were as
sociated with certain vertical distributions of tem
perature and water vapor. Of more immediate 
significance to weather men, was the discovery 
that large, irregularly shaped masses so frequently 
appearing on radar scopes were actually the images 
of showers occurring within the range of the equip
ment. Within a very short time meteorologists were 
using radar to locate rain areas, to determine their 
approximate sizes, shapes, and intensities, to note 
their speeds and directions of movement, and to 
issue short-range forecast of shower and thun
dershower activity with an accuracy never before 
attained.

Within the trade-wind zone widespread areas 
ranging from about a hundred thousand to a million 
square miles are occasionally observed where the 
sky is almost completely covered with clouds and 
where rain occurs with far greater frequency than 
is typical of the normal trade-wind system. Only 
within the past few years, as more and more 
emphasis has been placed upon tropical weather 
research, have meteorologists learned that such a 
distribution of weather can usually be associated 
with an undulatory perturbation of the trade-wind 
current. These disturbances normally move rather 
slowly, a typical speed being about ten miles per 
hour. Various names have been applied to them. 
The simplest system of terminology calls them 
“easterly waves” or “westerly waves” , depending 
upon their movement from the east or from the west, 
respectively. A great deal of theoretical work has 
been devoted to these “ trade-wind waves” , and the 
results have been profitable. It is now possible to 
make accurate 24- to 48-hour forecasts of their 
speed and direction of movement, their intensity, 
the extent of the area affected, and the nature of 
the extent of the area affected, and the nature 
of the associated precipitation-whether widespread 
which typify the trade-wind belt.

Two of the perturbations of the ITC are worthy 
of special attention. The first is undulatory defor
mation which produces an increase in intensity of 
the rain and cloud system of the convergence zone
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and a north-south spreading out of the disturbed 
weather. Since these waves in the ITC appear to 
be implicitly associated with the wave perturbations 
of the trade-wind belt, forecasting their behavior 
becomes essentially the same problem as determin
ing the future characteristics of the easterly and 
westerly waves of the trade-wind system.

The second type of ITC perturbation is one of 
the most important of all tropical weather pheno
mena, the tropical cyclone. If such a disturbance 
produces winds in excess of 75 miles per hour the 
storm is called a “hurricane” (in the western Pa
cific Ocean area the synonymous term “typhoon” 
is used). In the present discussion the hurricane 
is classed as a perturbation of the ITC, because 
recent investigations have shown that most such 
storms have their origin on that line of conver
gence. It must be mentioned, however, that there 
is still a question whether a hurricane could not 
form dissociated from the ITC, within an easterly 
wave of the trade-wind belt. If there are such 
occurrences, it is probable that they are rare. It 
should also be emphasized that while these storms 
may form on the ITC, during later stages in their 
life history they will break away, travel for a while 
imbedded in the trade-wind current, “recurve” 
toward the north, and finally move northeastward 
into the temperate zone.

Soundings made in the tropical upper atmos
phere have yielded important clues to the forecast
ing of the behavior of hurricanes. It has been 
found, for example, that the wind field at the 
10,000-foot level can very closely tell us where and 
how fast the storms will move. Again, if the slope 
with altitude of the storm’s axis is toward the 
southeast, the intensity of the hurricane will in
crease.

As it did in the case of the isolatecLjshovers of 
the trade-wind zone, radar has proven its, use in 
the detection and study of hurricanes. Figure 3 
illustrates the appearance of a radar “PPI-scope” 
(which is simply a map of the surroundings with 
the radar station at the center) when a hurricane 
is in the field of view of the equipment. Such 
pictures tell the forecaster the exact location of 
the almost rain-free and wind-free “ central eye” 
of the storm, as well as where the storm is going 
and how fast. Since radar has been put to such 
use, meteorologists have learned that the rainfall 
around a hurricane does not occur simply as a 
widespread sheet of precipitation, but rather that 
the usual pattern is that of a spiral, or possibly 
of concentric rings, around the storm center. In 
the illustration the white streaks are areas where 
heavy rain is falling, while in the dark spaces 
nothing more than light precipitation is occurring. 
Numerous weather reconnaissance flights made by 
military aircraft during the war have corroborated 
this apparently normal characteristic of hurricanes,

Fig. 3 — Typica l appearance of a hurricane on a rad a r  
“PPI -  scope" In this Illustration the hurricane center 
or "central eye" It about 25 mllet from the ra d o r  t t o -  
tlon which ie lo cated  at the center of the c i rc u la r  
a re a .  The ra d lu t  of the e n com passing  circle is 6 0  
miles in th is  case.

and have gathered additional valuable information 
relative to the behavior and structure of these 
violent storms.

Large numbers of flights, in airplanes equipped 
with meteorological recording devices, have also 
been made through the past six years within the 
zone equatorward from the ITC. Forecasting of 
the showers and thunderstorms occurring in this 
belt has been found to be successful when techni
ques similar to those for the trade-wind system 
are employed. Perturbations of a scale larger than 
that of the sporadic showers are not infrequent 
in the equatorial zone. Theoretical research to de
termine the nature of such perturbations is still 
in the exploratory stage. Empirical forecasting 
techniques have been developed, nevertheless, to the 
extent that future conditions within the pertur
bations can be described with success.

THE FUTURE OF TROPICAL METEOROLOGO!"

While development of our knowledge/of tropical 
meteorology has progressed with a rapidity pro
bably greater than that of any of other branch of 
meteorology within the past few years, the pro
blems are by no means all solved. Research must 
be continued and data must be collected without 
interruption. If this is done not only will tropical- 
weather forecasts be increased in range and accu
racy, but also forecasting in the temperate zones 
will inevitably benefit. Our ability to prepare suc
cessful forecasts for places in middle latitudes such 
as Buenos Aires and New York will grow with 
increasing knowledge of the meteorology of Cen
tral America, the Caribbean, and adjacent tropi
cal regions.
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