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ABSTRACT 

High resolution satellite data, ESSA-5 data and wind 

data derived from the Applications Technology Satellites 

(ATS), indicate that weak tropical waves characteristically 

have associated centers of maximum relative vorticity west 

of the bisector of the "inverted V" cloud pattern. Two 

examples of the high resolut i on satellite views are shown 

and discussed. Upper-air . analyses and a time-section 

analysis for an ESSA-5 series used to define the original 

inverted V cloud pattern are examined. These analyses 

confirm that a trough axis p l aced on the west side of the 

inver ted V cloud pattern fits the data more consistently 

than a trough or streamline axis which bisects this pattern. 

Finally, obj ective analyses of an Atlantic inverted V 

cloud pattern based on winds extracted from geosynchronous 

satellite views are shown. These analyses indicate that 

an area of maximum relative vorticity exists on the west 

side of the inverted V cloud pattern. An anticyclone is 

found south of the inverted V apex contrary to the inverted 

V model which requires a trough rather than a ridge or 

anticyclone in this area. The results of this study sug­

gest that the original inverted V model relating to easterly 

waves requires modification. 
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I. 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 obse~­

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 cloudiness being restricted to one 

s i de or another of the wave ax is depending on the speed of 

the basic e asterly cu rrent relative to the speed of movement 

of the wave . The normal pattern observed is wave movement 

slower than the basic eas terly 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 inverte d 

V cloud pattern proposed by Frank in the light of some new 

evidence and more detailed analysis of some of the ori g inal 

examples. 



2. HIGH RESOLUTION PICTURES OF "INVERTED V's" 

Recently acquired high resolution data show details of 

tropical wave structure which would have been difficult to 

detect in earlier satellite views. Figure 2 shows a weak 

tropical wave in the eastern Pacific on October 8, 1971. 

Many of the delicate lines ~hich define a center of vorticity 

near 14N, 169W are undetected in satellite views of lesser 

resolution. The cloud pattern shown in this picture corres­

ponds well with Frank's inverted V model except that the 

trough axis or wind shift line would be anticipated near the 

longitude bisecting the area of maximum relative vorticity 

(indicated by the arrow in Figure 2), rather than the 

inverted V pattern 5 degrees of longitude to the east. 

Figure 3 shows another example of this phenomenon in a more 

advanced state of development, in a picture taken on October 

3, 1971. Note the very intense convection evident near the 

center of maximum relative vorticity defined by the intricate 

cloud lines curving northward south of the vortex area. 

Again the bisector of the inverted V cloud pattern would be 

an illogical choice for trough axis placement. 
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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.SN and 55.SW would suggest a trough axis or center 

of vorticity in this area rather than near SOW as suggested 

by the inverted V cloud model. Figure 5, the Miami 700 nb 

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 rnb analysis (Figure 6) indicates that a wind shift 

had occurred at Barbados (13.3N, 59.SW) 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, 196 7 at 19 40 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 category proposed by Fett (1966) 

(Figure 9). According to the Stage A model, the wave axis 
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should be in the open area extending N-S along the western 

portion of the cloud boundary. 700 rnb data (Figure 10) 

approximately 7 hours prior to the picture presented as 

Figure 8 confirm this interpretation. From these data it 

would be difficult to place a trough axis near 55-58W 

(dashed line in Figure 8) as the inverted V cloud model 

would imply. 
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4. AN OBJECTIVE ANALYSIS OF AN INVERTED CLOUD PATTERN 

The availability of geosyn chronous satel l ite data over 

the tropics provides an unequalled opportunity to study the 

dynamics of weak tropical wav e s. With pictures taken 

approximately every 25 minutes it i s possible to animate the 

entire sequence in "movie" fashion and from the movie de~er­

mine the trajectory of cloud elements during any given 

interval of time . Poteat · (1972) h as shown that the motions 

of low level and c i rrus level clouds , as measure d from t~e 

geosynchronous film sequences, a re highly co r r e lated to 

conventionally obse rved wi nds i n t he tropics at 2- 3000 ft 

and at the 200 wb leve l . Thus , f or the f irs t t i me i n 

meteorological h i s t ory , we have a me a ns of fil l ing data ­

sparse areas not only with c l oudiness estimat es b ut with 

reliable estimates o f t he f i eld o f motion . 

A sample of 55 inve r ted V cloud pattern c ase s have been 

selected for such a n a l y s is. The s e will form the bas is for a 

detailed report on the s t ruct u r e a n d deve l opment of tropical 

waves to be presented at .a later date. For t he purposes of 

this preliminary report , an examp l e of one of these systems 

observed by ATS-3 on Augus t 20, 1972 is shown in Figure 11 . 

According to the inverted V cloud model, a wave ax is would be 

anticipated near 37W . Consistent with our previous discus­

sions, a location about 4 or 5 degrees further to the we st 

would be prefe rred . Figure 12 shows the cloud motion vectors 
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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 simil~r to the other 54 inverted V 

cases under analysis at this time. An objective analysis 

program based on a 2-degree mesh interval developed by 

Endlich and Mancuso, and re-wLitten 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. 

Figur es 13 through 16 shows the results of this analysis 

which may prove repr esentative 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 quadrants and south of the inve rted 

V apex (Figure 15). A center of vorticity is well defined on 

the west side of the wave (Figure 16). 



5. CONCLUSION 

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 l 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 anticyclone, 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 a3 

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. 
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Figure 2. A high resolution view of a tropical •.,rave on 
October 8, 1971 at 1849 GMT. This view acqu~r=d from a 
military system has a resolution of approximat=lY 1/3 n mi. 
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Figure 3. A high res.cLltion view of a tropical wave on 
Cctober 3, 1971 at 16)3 GMT. This view ac:i:uired from a 
~ilitary system has a resolution of approximately 1/3 n mi. 
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Figu~e 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 5. 700 mb data and analysis for 1200 GMT, Jul y 11, 
1967, derived from charts prepared by the Tropica l An a l ys is 
Center, Miami , Florida. Plotted digital data show 700 mb 
height in meters (first digit omitted) and key des i gnator 
for wind direction. 
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Figure 6. 700 mb data and analysis for 0000 GMT, July 12, 1967, derived from charts prepared by the Tropical Analysis Center , Miami, Florida. Plotted digital data show 700 mb 
height in meters (first digit omitted) and key des ignator 
for wind direction . 
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Figure 8. ESSA-5 data over the tropical Atlantic on the 
afternoon of July ~2, 1967. The striped line indicates 
trough axis suggested by Fett. The dashed line indicates 
trough axis suggeste1 by the inverted V cloud model. 
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Figure 11. An ATS-3 (Applications Technology Satel:ite) view 
of an inverted V cloud pattern in the Atla~tic on August 20, 
1972 at 1719 GMT. 
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Figure 12. Clcud motion vectors a::1d strea:nline analysis 
derived from a "movie-loop'' analysis of ATS-3 pictures 
r~ceived on August 20, 1972. 

- 2( -



Figure 13. "U" component analysis of cloud vectors extra:::-:ed 
for -:he AuguEt 20, 1972 inverted V example. The dctted lines 
indicate eas-: wind isotachs. The dashed li~es indicat3 west 
wi.n::1 isotachs. The zero U component isotach is drawn a3 a 
solid lir.e. 
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Figure 14. 'A 11 V11 component analysis of clo·.i,:i vectors 
extracted for the August 20, 1972 inver:ted V example. The 
dotted lines indicate north wind isotacrs. The dashed 
lines indicate south wind isotachs. Tr.e zero V conponent 
isotach is drawn as a solid line. 
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Figure 15. A divergence analysis for the August 20, 1972 
i::werted V example. Dotted l ines indicate convergent areas. 
Dashed li~es indicate divergent areas (units of 10-6 see-1 ). 
T:-ie cor_to·.1r of zero divergence is drawn as a solid line. 
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Figure, _6. An analysis of the field of relative vorticity 
(units 10-6 sec-1) for the August 20, 1972 iLverted V 
example. Dotted lines indicate areas of negative or 
anticyclonic vorticity. Dashed lines indicate areas of 
positi ve or cyclocic vorticity. The solid line indicates 
zero vc.cti-::i ty. 
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