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ABSTRACT 

An empirical study is presented which investigates the relationship 
of monthly climatological wind fields to tropical storm genesis in the 
Gulf of Mexico and the western Caribbean. The parameters investigated 
are tropospheric vertical wind shear and 850 mb relative vorticity. 
These parameters have been shown by Gray (1967) to be strongly 
correlated with early intensification of tropical disturbances. The 
magnitude of the individual mean monthly deviations of these parameters 
from the long term monthly mean is specified. An estimate of the 
daily variations of these parameters and the ratio of daily to monthly 
deviations is also determined. Correlations of these parameter devia­
tions with tropical storm genesis is presented. 

Monthly vertical wind shear deviations are small, yet they 
show favorable correlations. Positive deviations of mean monthly 
850 mb relative vorticity is strongly correlated with genesis in the 
Gulf of Mexico and is also favorably correlated with genesis in the 
western Caribbean. It is concluded that there are general circulation 
changes, with periods of a month or more, which produce favorable 
or unfavorable genesis conditions. 

·l .1 
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Chapter I 

INTRODUCTION 

卫ground

As tropical meteorological data has irnproved, the problem 

of forecasting tropical storm genesis, deepening, movement and dissi­

pation has received steadily increasing interest. Recently, . a combined 

climatological and individual tropical storm statistical study by Gray 

(1967) has demonstrated that wind field parameters are significantly 

related to tropical storm development. He found that development 

was well correlated with cyclonic horizontal wjnd shear (positive 

relative vorticity, s_) at 850 n1b and with small tropospheric vertical 
「

wind shear {S}, viz., <I \V 200 mb -,v850 mb I). Gray computed the 

long term mean {LTM} of the monthly climatology for both of these 

parameters for the sum.mer season of both hemispheres. From this 

computation he found that tropical storm genesi~ occurs exclusively 

in areas of strong cyclonic horizontal shear and small vertical shear. 

These two parameters are physically related to tropical 

storm development through their enhancement of tropospheric heating. 

The relative vorticity (sr} can be related to the low-level convergence 

and vertical motion at .the top of the I咔man boundary layer from a 

for1nula by Charney and Eliassen (1949). 

1 
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It, is 

WO = \f訂百｀ r,rg sin 2 a (1) 

where 

% 

g 
「

kfC 

a 

is the vertical motion at the top of the Ekman friction 
layer 

is the eddy-diffusion coefficient 

is the Coriolis parameter 

is the geostrophic relative vorticity at the top of the 
friction layer, and 

is the angle between the surface wind direction and 
the surface isobars. This angle is positive when the 
wind is blowing to lower pressure, and is approxi­
mately 10 degrees over oceans. 

From (1) it is seen that positive s __ gives upward vertical motion, 
rg 

negative s __ down,vard motion. Areas of cyclonic vorticity (positive 
rg 

~ r) thus produce frictionally. induced low level convergence and forced 

1 cumulus convection..L Given the usual sounding of the moist tropics, 

only vertical motion induced fron1. convergence below 8 50 to 900 mb 

can produce a warming from condensation (Gray, 1967). The cumu­

lus clouds will thus release their latent heat and induce a general 

2 warming of the vertical column. " The cumulus also produce cirrus 

shields which intercept long and short-wave radiation, thus heating 

1 In the moist tropics the height of the cumulus cloud bases and 
the gradient level are typically at 600-700 meters. 

2 
A mean tropospheric virtual temperature war1ni.ng of 1 ° C 

causes a surface pressure fall of approxirnately 4 mb. 

- 
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tqe troposphere (Lopez, 1968). The role of the weak tropospheric 

vertical wind shear (S) now becomes important. Unless the vertical 

shear is small, th~ heating induced by the clouds will be carried out 

of the vertical tropospheric column, and the mean virtual temperature 

,vithin the column cannot inc.rease. Hydrostatic reasoning requires 

that the virtual temperature of the colurnn increase if the surface 

pressure is to fall. Tropical storm development is thus physically 

related to large positive low level convergence and small tropospheric 

vertical shear. 

Purpose 

The interregional climatological variability in number and 

location of tropical storms has yet to be explained. This variability 

has two forms; one is the seasonal variability, the other is the differ­

ence between the number of storms in a given month from year to year. 

For example, in the North Atlantic the years 1933 and 193 6 produced 

21 and 16 storms respectively, while the years of 1925 and 1930 had 

but two storms each. The Gulf of Mexico experienced tropical storm 

genesis in the month of June every year from 1956 through 1960, but 

no stor1n genesis occurred in June b~tween 1961 and 1966. This study 

will concern itself with the variability of tropical storm genesis from 

year to year, within a given n1onth. An attempt will be made to deter­

mine if mon出ly deviations from the long term m.ean monthly cli1na­

tological f1 ow patterns, in the r2r,-ions of gene sis, are correlated with 

tropical storm genesis. 
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Tropical storm genesis will be_ considered a function of the 

low-level rel ative vorticity and the tropospheric. vertical wind shear. 

Are there deviations in the monthly climatological values of these 

parameters which stimulate or inhibit tropical storm genesis? The 

strong correlation of these two paran1eters with subsequent tropical 

storm development (Gray, 1967) has stimulated the writer to attempt 

to correlate the monthly deviations of these parameters with monthly 

variability of tropical storm genesis. 

Relative vorticity and vertical wind shear are combined 

into one term P = ~..,,./S, which is henceforth defined as the genesis 
「

parameter. In functional form this parameter is represented as 

P = P(LTM) + P(6M) + P(AD} (2) 

where 

P is the genesis parameter 

LTM is the long term mean for each month 

6M is the monthly deviation from the L.TM, and 

6D is the daily variation from the individual monthly 
mean. 

Genesis conditions are assumed to be dependent on the 

magnitude of this term. Since storms do not occur every year during 

the same month, the LTM is always less than the magnitude of P 

needed for genesis. It is then seen that in order for genesis to take 

place, a positive deviation fro1n the LTM n1ust occur. Positive 
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deviations are given by relative vorticity greater and vertical shear 

less than the LTM. If the typical monthly deviations of P are small 

compared to the daily variation, then the daily variations will be pri­

marily responsible for genesis. If the monthly deviations of P have 

significant magnitude, then the daily variations and monthly deviations 

must be considered together. It is assumed for this discussion that 

the average daily variations of Pare quasi-independent of the monthly 

deviations, and have the same range from month to month. The 

monthly deviations, on the other hand, may be considerably different 

from month to month and year to year. 

In that the daily variations of P dominate over the monthly 

deviations, it is natural to assume that the mean monthly deviation 

component is small. Several previous studies, however, (Andrews, 

1956; Ballenzweig, 1957, 1958; and Orgill, 1960, 1961) have related 

700 mb deviations of the monthly circulation in mid-latitudes to tropical 

storm genesis. Andrews found that the westerly wind maximum was 

displaced north of 50° N latitude during periods of increased tropical 

storm activity and south of 50° N with minimal activity. Ballenzweig 

found a correlation between the position of maximum westerlies and 

storm genesis. He found that anomalous positive easterly flow south 

of 45° N, strong negative height anomalies near_ Iceland and positive 

height anomalies between 35° -45" N in the Atlantic were positively 

correlated with periods of increased Atlantic tropical storm activity. 
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O,rgill's studies of th¢ Pacific showed that negative height anomalies 

over the Bering Sea一Aleutian Islands region and intensification of 

the high pressure system over Japan_bad a positive correlation with 

maximum periods _of typhoons. 

These studies suggest that monthly anomalies of the general 

circulation -may have a significant influence on variations of tropical 

storm genesis. There are, however, no studies which demonstrate 

the significance of monthly deviations of any wind field parameters 

in the~ upon variations of storm genesis. In summary, it is 

the author's purpose to determine: 

1) The value of the LTM for t __, S and P over the 
areas studied. 「

2) The magnitude of the monthly deviations of these 
parameters from the LTM. 

3) An estimate of how the magnitude of the monthly 
deviations compare with the daily variations. 

4) The correlation of the monthly deviations with 
tropical storm genesis. 

It is realized that the data san1ple of this study is small~ 

Therefore, the results should be considered as those of a pilot study, 

intended to indicate whether or not further research should be 

attempted from this viewpoint. The West Indies have the best tropical 

data network available.. However, even in the West Indies a study as 

this one could not have been done earlier due to lack of representative 

da.ta. It is only since the mid-1950's that the West Indies region has 

possessed a signU"icantly dense set of synoptic observations. 



7 

Area and Time of Study_ 

Monthly wind da~a with enough density to calculate reliable 

monthly values of relative vorticity is available only in the Gulf of 

Mexico and the western Caribbean. (See Appendix A for computational 

methods.) The ·study is therefore restricted to those two areas. 

The months from May through November for the years 

1957-1966 are_ examined. The two genesis areas of this study are 

shown by broken-lined boxes in Fig. 1. In order to insure that a 

reasonably large sample of genesis and non-genesis periods were 

available, only those months that had at least one storm genesis for 

three of the ten years of consideration were chosen. This narrowed 

the study to June and September for the Gulf of Mexico and September 

and October for the western Caribbean. 

A month was considered a genesis month if one or more 

cases of formation occurred and non-genesis if no for1nation occurred. 

The number of storms per year are indicated with asterisks in Tables 

1 and 2. The initial reported location of each storm is plotted in 

Fig. 1. Genesis locations were assumed to be located one degree of 

latitude upstream from the point of first detection. 
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Chapter II 

RESULTS AND DISCUSSION 

Long Term Means (LTM) 

Fields of each relative vorticity term (6 v / ~x, !::::. u/ t:::.y), 

relative vorticity (s r), vertical wind shear (S) and genesis parameter 

(P or s _/S) were composited for each month over the ten year period 
「

of consideration to obtain a long term mean monthly climatology (LTM). 

The s_, S and P parameters are presented in Figs. 2, 3 and 4 for the 
「

months of June (a), · September (b) and October (c). 

Relative vorticity_. The s_ fields (Fig. 2) show that the values are 
「

large during June when the wind gradients are high, decrease through 

September when the 850 mb ~ind gradients are the w·eakest and in­

crease again in October as the westerlies push into the Gulf of Mexico. 

The zero.line represents the dividing line between the monthly average 

planetary boundary layer induced rising and sinking motion. Vertical 

motion and storm genesis north of this line must, therefore, be due 

to favorable deviations from the LTM. 

Vertical shear. One notices that the magnitudes of vertical (Fig. 3) 

and horizontal shear (relative vorticity) are closely associated. The 

values of each decrease from June to September and increase again 

in October. The very large shear in October in the northern Gulf of 

Mexico is a result of the southward push of the 200 n1b westerlies 

c:ssociated with the jet strea1n. 
9 
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~ · The June field of P (Fig. 4a) shows that one 

would expect genesis in the southern portion of the Gulf and in the 

southern Caribbean. The Caribbean is, however, not an active pro­

ducer of June storms. In September (Fig. 4b) the zero P parameter 

line lies in approximately the same position as in June. There is, 

however, an increase in ~he magnitude of the positive values and a 

decrease . in the magnitude of the negative values in the Gulf. This 

indicates that September is more favorable for genesis in the Gulf, 

than is June. During October (Fig. 4c) the P values in the Gulf 

decrease markedly and genesis becomes completely unfavorable. 1 

The northwestern Caribbean, however, becomes more favorable 

during October. 

One notable feature of the mean charts is that most of the 

eastern Caribbean has negative relative vort1city. 2 The large area 

of negative relative vorticity would indicate sinking motion over r.nost 

of the eastern Caribbean. This is correlated with the fact that the 

eastern Caribbean is known for its almost complete lack of tropical 

storm activity. During the years 1901 through 1966 only one storm 

(1911) has been known to have its origin in the area of the eastern 

1 This large negative area of the P parameter agrees with the fact 
that only one storm was generated in the Gulf during October for the 
ten years considered. 

2 
The negative area probably should be even larger. However, 

only one station (Curacao) reports monthly data in the southern 
portion of the eastern Caribbean and an accurate position of the 
maxim un1 trades was difficult to find .. 
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Caribbean from 70 ° W to 63 ° W. The la!'ge area of negative vorticity 

suppresses low-level convergence and cumulus activity, while the 

larger vertical wind shears inhibit area concentration of heat and 

tropospheric warming. 

翌nitude ofMonth1y Deviati四~~ Variations 

Rather than reproduce the multitude of analyses indicated 

for each month, average- values for the parameters D. v / D.x, 6 u/ t:..y, s 
「

S and P were determined in the two selective areas outlined with a 

broken line in Fig. 1. In order to lend as much reliability to the 

computations as possible, all grid points in those areas were aver­

aged together for each month and a single average monthly value for 

that region was determined. The use of a single area average value 

tends to smooth the results. However, for simplicity, single values 

are used. 

--1 

Values for each parameter for each month are presented in 

Tables 1 and 2. The ten-year monthly average of each parameter in 

a given month was taken as the LTM. The difference between the 

parameter value for a given month and the LTM (the monthly devia­

tion) is also shown. 

A three month sa1nple of individual days was used to obtain 

an estimate of the daiiy variability of s __, S and P. In order to facili­
「

tate calculations the daily variations for the Gulf of Mexico and the 

Caribbean were ass1J.med to be the san1e. 
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TABLE 1 

Values of the monthly relative vorticity terms, relative vorticity, 
vertical wind shear, genesis parameter and their deviations from 
the long term means for the Gulf of Mexico. 

` 25 Grid Point Average (See Fig. 1) 

JUNE 

Year b,v/b,x b. u/ D.y g Ag s AS p 6.P 
「 rm m m 

1957 2. 6 -0.4 3.0 3.3 23 3 2.4 2. 2 * * 
1958 0.7 1.0 -0.3 0.0 25 1 -0.4 -o. 6 * 
1959 2.3 2. 1 0.2 0. 5 23 3 0.8 O. 6 * * 
1960 0.7 -0.2 0.9 1. 2 26 。 1. 3 1. 1 * 

1961 0.2 3.0 -2.8 -2. 5 27 -1 -2.2 -2.4 
1962 -1. 2 2. 5 -3.7 -3.4 28 -2 -2.6 -2.8 
1963 0.3 1. 9 -1.6 -1. 3 31 -5 -0.8 -1.0 
1964 1. 1 1.0 0. 1 0.4 20 6 0.6 0.4 
1965 a. 5 1. 3 -0.8 -0.5 27 -1 -0.5 -0. 7 
1966 1. 5 -0.2 1. 7 2.0 28 -2 2. 7 2. 5 

LTM 0.9 1.2 -0.3 26 0.2 

SEPTEIVIBER 

1957 2.7 -0. 6 3.3 2.8 15 。 4.9 2. 8 ** 

1958 -1. 2 1. 3 -2. 5 -3.0 23 一 8 -2.4 -4. 5 
1959 -0.8 1.4 -2.2 -2. 7 18 -3 -2.6 -4.6 
1960 2.3 -0.6 2.9 2.4 14 1 4.4 2. 3 * 
1961 0.3 -0. 5 0.8 0.3 16 - 1 2. 2 0. 1 
1962 0.0 1. 8 -1. 8 -2.3 14 1 -2.2 -4.3 
1963 2. 8 0.6 2. 2 1. 7 15 。 3. 5 1. 4 * 
1964 0. 5 0. 1 0.4 -0. 1 10 5 3. 2 1. 1 
1965 2. 1 0.0 2. 1 1. 6 9 6 7. 7 5. 6 
1966 2. 5 2. 7 -0.2 -0.7 17 -2 1. 3 - O. 8 * 
LTM 1. 1 :· 0. 6 0. 5 15 , 2.1 

~~ Represents the number of storms for that month. 

6v/6.x, 6.u/6.y, s [10-6 sec-1] 
「

S [knots/10. 8 km] 

P [10-3] 

As ::: (L - LTM) 
rm 「

6.S = (LTM - S) 
m 

~p = (P - LTIVI) 
m 
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TABLE 2 

Values of the monthly relative vorticity terms, relative vorticity, 
vertical wind shear, genesis parameter and their deviations from 
the long term means for the western Caribbean. 

28 Grid Point Average (See Fig. 1) 

SEPTEMBER 

Year t1v/t1x Au/Ay g At s t::,.Sm p 6.P 
「 rm m 

1957 -0.7 -0.9 0.2 0.7 19 -3 2.3 2.8 
1958 0.6 0.3 0.3 0.8 18 -2 2. 1 2.6 
1959 -0.2 1.4 -1.6 -1. 1 17 -1 -4.3 -3.8 
1960 1. 0 0.9 0. 1 0.6 9 7 -0.3 0.2 
1961 0.2 -0. 6 0.8 1. 3 15 1 2.5 3. 0 * 
1962 0.3 1. 6 -1. 3 -0.8 20 -4 0. 1 0.6 
1963 0.5 1. 3 -0.8 -0.3 18 -2 0.4 0.9 
1964 -0.2 1. 5 -1. 7 -1. 2 13 3 -0.9 -o. 4* 
1965 0.3 -0.4 0.7 1. 2 19 -3 1. 2 1. 7 * 
1966 -0.2 2.2 -2.4 -1.9 14 2 -7. 3 -6.8 

LTM 0.2 0.7 -0. 5 16 -0. 5 

OCTOBER 

1957 1. 6 1. 5 0. 1 -1.3 25 -6 0. 5 -3.4 
1958 2. 5 2. 1 0.4 -1.0 25 -6 0.6 - 3. 3 * 
1959 0.8 1. 1 -0.3 -1. 7 15 4 1. 5 - 2. 4* 
1960 1. 2 1. 8 -0.6 -2.0 20 -1 2.0 -1. 7 
1961 3.3 -1.4 4.7 3.3 12 7 13.3 9. 4 ** 
1962 1. 0 1.0 0.0 -1.4 17 2 2. 5 -1.4 
1963 4.4 0. 1 4.3 2.9 25 -6 6. 2 2.3 
1964 3.4 0. 1 3.3 1. 9 13 6 6. 5 2. 6 * 
1965 2.3 2.4 -0. 1 -1. 5 22 -3 2.8 -1. 1 
1966 2.2 0.6 1. 6 0.2 14 5 3. 1 -0.8 

LTM 2.3 0.9 1.4 19 3.9 

* Represents the number of storms for that month. 

6.v/6.x, 6.u/b.y, s [10-6 sec -l] 
「

S [knots/10. 8 km] 

P [lo-3] 

b.s = (s - LTM) 
rm r 

AS = (LTM - S) 
m 

b.P = (P - LTM) 
m 

- ····,·一''＇．，一·--一..... －一一 ·』 . －一
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The average ratios of the mean absolute ~aily to mean absolute 

monthly deviations were found to be 

1/',.srdl 11 !',.srml = 5. 5 / 1. 4 = 3.9 (3) 

|ASd| I |AS』 = 8.0/3.1 = 2.6 (4) 

lt,.P di / [ t,.P ml = 9.0/2.3 = 3.9 (5) 

where the ~ubscript 虫． represents monthly and the subscript 9. repre­

sents the daily deviations. The daily variations are thus observed to 

be three to four times larger than the monthly deviations. This differ­

ence does not obscure the importance of the monthly deviations as 

shown below. 

It was assumed in the beginning that the daily variations 

are, in general, independen~ of the monthly deviations. The average 

daily variations are expected to have no (or little) monthly dependence, 

while the monthly deviations may be positive or negative from one year 

to the next. In order to show the maximun1 influence of the monthly 

deviations it is necessary to show the comparison of the average daily 

variations to the maximum (Max 6. ... .,,J positive or negative monthly 
m 

deviations. These were found to be 

l't::.s rdl ~Ma.x 6 s rm I = 5. 5 / 3. 4 = 1. 6 

巳 f1ax 6Sml = 8. 0/8. 0 = ·1. 0 

丨6Pdl 加ax 6 Pm I = 9. 0 / 9. 0 = 1. O 

(6) 

(7) 

(8) 
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I.tis significant to note that during perio~s of maximum monthly 

deviations, the monthly deviations are as important as the average 

daily variations. Therefore, it would make considerable difference 

to the genesis potential if the daily variations were superimposed on 

much below average or much above average mean monthly conditions. 

Correlation of Monthl~ical Storm Genesis 

Correlation of the monthly deviations of each of the param­

eters with tropical storm genesis is presented in the form of two-by­

two contingency tables as represented in Table 3. 

TABLE 3 

Model of contingency tables used to present correlations. 

Genesis 
Years 

A 
B 

Non-Genesis 
Years 

D 
c 

Positive Negative 

Monthly Deviations From LTM 

If genesis months occurred with 旦!_ positive deviations 

from the LTM and non-genesis months occurred with all negative 

deviations, then all cases would fall in blocks A or C. However, if 

for a given month the LTl\lI was much larger than necessary for 

genesis, a _small negative deviation might occur and we could still 

have genesis. In such a case the tnonth would fall in block B. Since 

·
一
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no sector of the two areas studied had genesis every year during a 

given month, we can assume that the LTM is never so _favorable that 

storms occur with negative deviations from the LTM. With this 

argument a month ,falling in block B must represent genesis which 

occurred during a short period (i. e., few days) of very large favor­

able deviation from an unfavorable monthly mean, thereby showing 

that storm genesis is not a function of monthly deviations alone. 

Months falling in block D represent one of two conditions. First, 

if the LTM is positive but far below the value needed for genesis, 

a small positive deviation might occur but genesis would still not 

take place. ~econdly, suppose a monthly deviation is positive and 

large enough to give the needed value of P for genesis, yet genesis 

does not occur. It wouid then be obvious that positive deviations 

might be necessary but are n~t sufficient for gen'esis, Le':, there 

could be other parameters Which affect tropical storm ,genesis. 

Either of these conditions would allow a month to fall into block D. 

Relative vorticitY:_ The contingency tables in Fig. ' 5a show that the 

relative vorticity s r is well correlated with genesis in the Gulf of 

Mexico _during both months. The correlations for the western 

Caribbean are not as good, but are still consider~d favorable since 

months in block .D do not violate the hypothe.sis _of the in1portance of 

monthly parameters. The composites for each area and for the 

combination of both areas are also presented. 
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Vertical shear. The correlations betwe~n genesis and mean monthly 

deviations of the tropospheric vertical wind shear are portrayed in 

Fig. 5b. The values are almost identical to those of the vorticity in 

the Gulf of Mexico. In the western Caribbean the correlation is much 

better, showing that the monthly vertical shear deviations are well 

correlated with genesis in both areas of study. · The magnitudes of 

these monthly deviations are, ho,vever, very small and of much less 

significance than the relative vorticity deviations. 

Genesis ~ Correlation of the genesis parameter P with 

tropical storm genesis is shown in Fig. 5c. It is seen that the pa-

「細eter s _/S is almost a reflection of the s _ correlation, being only 
「「

slightly less favorable. Genesis occurred in only one of twenty cases 

in the Gulf and three of twenty cases in the Caribbean when monthly 

deviations of the genesis par~meter were negative. It is felt that 

this result would not have been obtained if the monthly climatology 

was not an important genesis feature. 

ComEosites of the Parameters 

Due to the strikingly good correlations in the Gulf of Mexico 

and the favorable correlations in the western Caribbean, it was decided 

to look at the average ~f the components for ge:nesis and non-genesis 

1nonths. These favorable correlations 1Nith monthly deviations suggest 

that there was son1e significant changes in the monthly genera: circu­

lation that affected the areas during n1onths with genesis and months 

without genesis. 
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Fig. 6 presents composited daJa for the Gulf of Mexico. 

In June and Se~tember, it is noted that there is a change in the 

6. v / t:.x and t:. u/ t:.y cornponents (first and second column respectively 

of each group} during genesis and non-genesis periods, with the 

primary change being in the t:. v / t:.x co1nponerit. The values of s 
「

(third column of each group} reflect these changes sho-wing large 

positive deviations for genesis months and large negative deviations 

for non-genesis month. As previously noted, very little change is 

observed for average vertical shear values (column four). Results 

of the s_/S or P p arameter calculations are shown in the last column. 
「

It is seen that P has a large positive deviation from the LTM during 

genesis months. 

3 

Fig. 7 gives the same composites for the western Caribbean. 

In September, the 6u/6.y ter:m is most responsible for changes int; 
「

while the ~ v / b,.x terrn is most responsible for the changes in t; _ during 
「

October. In both months the deviations oft;_ and P are positive for 
「

genesis and negative for non-genesis. There is no deviation in the 

vertical shear for genesis during September. In October, smaller 

vertical shear is found to occur with genesis. 

A composite of the above term.s for all months studied is 

shown in Fig. 8. The relative vorticity shows very favorable positive 

deviations for genesis and negative deviations for non-genesis. The 

3 The value of P presented here represents an average of P at _ f several points, therefore P 1 s __ /S. 
「

/ 

> 

, 
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vertical shear has no deviations. The in:iportance of the monthly 

deviation of the relative vorticity is clearly evident. 4 

4 It might be felt that the increased vorticity was a function of the 
storms presence in the area. Appendix B shows that the days with 
storms did not bias the climatology. 
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Chapter III 

CONCLUSIONS 

This study shows that there are significant monthly circulation 

changes which may induce favorable or unfavorable conditions for 

tropical 8Iurm genesis within any month. Positive monthly deviations 

of the 850 mb relative vorticity are well correlated with storm genesis 

in the Gulf of Mexico, and to a lesser extent with genesis in the western 

Caribbean. The monthly deviations of vertical wind shear are also 

correlated with storm genesis but the magnitude of the deviations is 

small and not felt to be of large importance. Variations of the monthly 

value of the genesis parameter (~ _/ s) are primarily determined by the 
「

variations of the relative vorticity of which the 6. v / 6.x term is dominant. 

Monthly changes in the east-west gradient of the meridional wind 

component thus have a significant correlation with storm genesis. 

These monthly changes are not at all obvious from inspection of the 

West Indies daily weather maps. 

This study appears to have enough credence to warrent careful 

additional assessments of these parameters by agencies responsible 

for monitoring tropical storms. With improvement ~f long range 

forecasting techniques, long-range storm genesis outlooks might 

become feasible. 

27 
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APPENDIX A 

CALCULATION PROCEDURES AND DATA REPRESENTATIVENESS 

Calculation Procedures 

The monthly mean data was converted into zonal and 

meridional components at the 850 mb (closest reported level to the 

top of the friction layer) and at the 200 mb (center of action in the 

upper troposphere) levels for each month of June; September and 

October from 1957 through 1966. The 850 mb zonal and meridional 

components were analyzed for each month by linear interpolation. 

These components were interpolated at each grid point on and inside 

the thin solid line in Fig. 1. Relative vorticity was then computed, 

taking into account the variations of 6.X with latitude. The magnitude 

of the vertical wind shear (~v 200 mb - \Vs 50 mb I) was calculated · 

at each grid point from the individual zonal and meridional components, 

thus 

s =丨 SI = ~ (u200 - u850)2 + (v200 - v850)2 (9) 

The genesis parameter P was determined at each point by dividing 

the relative ~orticity by the vertical wind shear. 

Data Reeresentativeness 

Monthly ·winds are an average of at least 2 5 days (See Data 

References}. Because of this large mean data san1ple at each plotted 
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point, no smoothing was permitted in the analyses. Due to the sp~rs~ty 

of data in the southern Gulf of Mexico and the southern Caribbean the 

subjective analysis 1nay not have always been quantitatively represen..., 

tative. The differc-nccs noted here, however, are large and believed 

to be reliable. These inherent data deficiencies are not felt to be of 

the magnitude to significantly alt.er the conclusions drawn. 

'T 

'T 
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APPENDIX B 

"STORM DAY" INFLUENCES ON CLIMATOLOGICAL AVERAGES 

During the eight months used as the genesis period of Fig. 6 

the Gulf of Mexico was influenced on 31 days by storms that formed in 

it, passed through it, or were nearby. The daily zonal and meridional 

components of each station was averaged for the above 31 days and the 

vorticity of these "storm days" was computed. The magnitude of. each 

of the vorticity terms is shown in Table 4. From the table it is seen 

that the storms did not bias the data toward higher positive monthly 

vorticity. This results from the small number of storms during each 

individual month, and the fact that outs.ide the immediate area of the 

storm the vorticity is small or negative. .For a study of these param­

eters in the Pacific where the number of 11.storm days" per month is 

large, the data would surely be affected by the storms'presence. 

TABLE 4 

-6 -1 
Vorticity Values (10 - ~ec -) 

Values for all days 

• II Storm days 
'' 

Days without storms 

No. Days 

240 

31 

209 

~yJ-Ax 
2. 1 

1.6 

2.2 

Au[AY.. 

` 0.6 1. 5 

0. 5 1. 1 

0.6 1.6 
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