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. INTRODUCTION

As daily views of the tropics became commonplace dur:ng
the latter part of the 1960's it was noted that a northwa>d
bulge of the inter-tropical convergence zone (ITC) appeared
to be associated with the earliest stages of weak tropical
waves. Frank (1969) proposed a model based on these obser-
vations placing a trough axis bisecting the bulging area,
defined by a cloud pattern, which he referred to as the
"inverted V." The model Frank described is shown in Figure 1.
As indicated, this model gives a weather distribution at
variance with Riehl's classical easterly wave model (1954).
According to Riehl, wave motion without change of shape
should result in major cloudi ess being restricted to one
side or another of the wave axis depending on the speed of
the basic easterly current relative to the speed of movemant
of the wave. The normal pattern observed is wave movement
slower than the basic easterly current. This should result
in major convergence and cloudiness to the east of the wave
axis and not symetrically distributed west and east as shown
by Frank. This paper re-examines the concept of the inverted
V cloud pattern proposed by Ffank in the light of some new
evidence and more detailed analysis of some of the original

examples.






3. A RE-EXAMINATION OF SOME EARLY ESSA-5 INVERTED V EXAMPLES

Figure 4 is an ESSA-5 view of an inverted V cloud
pattern used as an example in Frank's original article.
The similarity of this pattern to the high resolution views
of Figures 2 and 3 should be noted. If this similarity is
more than coincidental, the faint cyclonic swirl centered
near 12.5N and 55.5W would suggest a trough axis or center
of vorticity in this area rather than near 50W as suggested
by the inverted V cloud model. Figure 5, the Miami 700 mb
analysis for July 11, 1967, 1200 GMT, (approximately 7 hours
prior to the picture presented as Figure 5) shows winds
backing along the Lesser Antilles as the trough axis
approached these stations. By 0000 GMT on July 12, 1967,
the 700 mb analysis (Figure 6) indicates that a wind shift
had occurred at Barbados (13.3N, 59.5W) and a wave axis -s
indicated near 62W. A time-section for this station (Figure
7) verifies that a pronounced wave passed Barbados between
July 11, 1967 at 1200 GMT, and July 12, 1967 at 0000 GMT.
Yet, according to the inverted V cloud model applied to the
satellite picture for July 12, 1967 at 1940 GMT (Figure 8),
the trough would just be approaching the station at that
time with the major cloudy area to the west of the trough.
It is of interest to note that the disturbance at this time
precisely fits the Stage A catégory proposed by Fett (1966)

(Figure 9). According to the Stage A model, the wave axis






4. AN OBJECTIVE ANALYSIS - AN INVERTED CLOUD PATTERN

The availability of geosynchronous satellite data over
the tropics provides an unequalled opportunity to study the
dynamics of weak tropical waves. With pictures taken
approximately every 25 minutes it is possible to animate the
entire sequence in "movie" fashion and from the movie dezer-
mine the trajectory of cloud elements during any given
interval of time. Poteat (1972) has shown that the motions
of low level and cirrus level clouds, as measured from the
geosynchronous film sequences, are highly correlated to
conventionally observed winds in the tropics at 2-3000 ft
and at the 200 mb level. Thus, for the first time in
meteorological history, we have a means of filling data-
sparse areas not only with cloudiness estimates but with
reliable estimates of the field of motion.

A sample of 55 inverted V cloud pattern cases have been
selected for such analysis. These will form the basis for a
detailed report on the structure and development of tropical
waves to be presented at .a later date. For the purposes of
this preliminary report, an example of one of these systems
observed by ATS-3 on August 20, 1972 is shown in Figure 11.
According to the inverted V cloud model, a wave axis would be
anticipated near 37W. Consistent with our previous discus-
sions, a location about 4 or 5 degrees further to the west

would be preferred. Figure 12 shows the cloud motion vectors



and inferred wind field derived from the ATS movie. These
vectors and the streamline analysis show a cyclonic center
west of the inverted V axis near 13N and 41W; contrary to

the expectation of finding a trough south of the inverted

V apex we find an anticyclone!

This case is quite similer to the other 54 inverted V
cases under analysis at this time. An objective analysis
program based on a 2-dedree mgsh interval developed by
Endlich and Mancuso, and re-written and modified for the
Control Data 6600 computer by Roland E. Nagle, was applied
to the ATS winds extracted for the August 20, 1972 case.
Figures 13 through 16 shows the results of this analysis
which may prove representative of the structure of many
weak tropical waves. The analysis reveals westerly wind
components south of the apex cf the inverted V (Figure 13);
strong southerly flow in the same area, with northerly flow
on all sides (Figure 14). The effect of this motion produces
convergence in the NE quadrant of the disturbance, and
divergence in the western guadrants and south of the inverted
V apex (Figure 15). A center of vorticity is well defined on

the west side of the wave (Figure 16).



5. CO0O CLUSION

Some important details concerning the structure of weak
tropical waves has been revealed by this study. The inverted
V cloud pattern seems to be an important feature of weak
tropical waves in both the At antic and the Pacific. However,
the model should be modified to incorporate a vorticity
center west of this pattern and the position of trough axis
should be shifted to correspond with this center. Prelimi-
nary evidence indicates that diverging southerly flow, and
in some instances a small ant cyclone, exists south of the
inverted V apex. Further research will be devoted to
verifying this latter hypothesis and to the development of
a more complete model incorporating upper level as well as
lower level flow and possibly distinguishing between systems

based on changes in intensity.
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Figure 1. A schematic proposed by N. Frank showing the
relationship between the lower tropospheric flow and the
inverted V cloud pattern.



Figure 2. A high resolution view of a tropical wave on
October 8, 1971 at 1849 GMT. This view acqu-ra=d from a
military system has a resolution of approximat=ly 1/3 n mi.
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Figure 4. ESSA-5 data over the tropical Atlantic on the
afternoon of July 11, 1967. The striped line indicates
trough axis suggested by Fett. The dashed line indicates

trough axis suggested by the inverted V cloud model.
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Figure 7. A tiwe-section for Barbados, W. Indies, during the period July lu-14,
1967. Trough position is indicated by dashed line. Data for 0000 GMT, July 13,
1967 are derived from the nearby island of Guadeloupe.



Figurs 8. ESSA~5 data over the tropical Atlantic on the
afternoon of July 22, 1957. The striped line indicates
trcugh axis suggested by Fett. The dashed line indicates
trough axis suggested by the inverted V cloud model.
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formalive slages of Lropical cyclone developmeul. The model appllua Lo
formative tropical cyclones of the Northern Hemisphere embedded in easterly
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superimposed over the shaded TIROS observed cloudy areas. In Stage D, the
typical 200 mb streamline pattern is shown.
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Figurs 11. An ATS-3 (Applications Tachnology Satellite) view
of an inverted V cloud pattern in the Atlaatic on August 20,
1972 at 1719 GMT.



Figure 12. Clcud motion vectors and streamlire analysis
derived from a "movie-loop" znalysis of ATS-3 pictures
received on August 20, 1972.
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Figurs 13. "U" component analys s of cloud vectors extraz-ed
for the Aucust 20, 1972 inverted V example. The dctted lines
indicate eas:t wind isotachs. The dashed lires indicatz west
wind isotachs. The zero U component isotach is drawn as a
solid lire.
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Figure 14. 2 "V" component analysis of clouad vectors
extracted for the August 20, 1972 inverted V example. The
dotted lines indicate north wind isotacks. The dashed
lines indicate south wind isotachs. Tke z=ro V comnponent
isotach is drawn as a solid line.
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Figure 15. A divergence analysis for the August 20, 1972
inverted V example. Dotted iines indicate convergent areas.
Dashed lines indicate divergent areas (units of 10~¢ see~l).
The cortouar of zero divergence is drawn as a solid line.



Figure 6. An analysis of the field of relative vorticity
(units 10~5 sec~l) for the August 20, 1972 irverted V
example. Dotted lines indicate areas of negative or
anticvclonic vorticity. Dashed lines indicate areas of
positivz or cycloric vorticity. The solid line indicates
zero veorticity.
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