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RESUMEN 

Se han estudiado las alturas de ecos de precipitacion convectiva 
asociados can riertas oudas mesoescalares en alisios llsando datos 
radaroscopicos RHI y examinando varias eta pas del desarrollo del 
eeo. Los resultados de dieho estndio preliminar indican una fuerte 
pre£ereneia para que los eeos mas altos se orienten a 10 largo e 
inmediatamente atras del eje de ondas para ondas que se mueven 
mas despacio que una corriente uniforme basica. Tal analogia con 
e1 modelo clasieo de nubes para ondas de esca1a sin6ptica en alisios 
csta de acuerdo con el teorema de conservacion de la vorticidad 
potencial. Se sugiere que los mapas de eco-alturas pueden ser litiles 
para localizar ondas mcsoescalarcs en alisios de variadas longi tudes de 
onda CjllO no podrian analizarse eon datos sinopticos convencionalcs. 

1.0 INTRODUCCION 

No hay acuenlo entre los meteor610gos de ltr6pieo reE'
pecto a definicion de los terminos "mesoescalar" y "ondas 
de alisios". Para los fines de cste trabajo se aplicanin las 
siguientes definiciones: 

"Mesoescalar" se refiere a la escala horizontal de sis
temas meteorol6gicos que oscilan en tamano de 2 a 
500 millas, como 10 sugiri6 Fujita (1962). 
"Onclas de alisios" se refiere a oscilaciones levemente 
sinusoid ales en la corriente de alisios tropicales a bajo 
nivel como 10 ha descrito Riehl (1954). Se supone 
que el ajuste entre vaguadas y crestas en el campo de 
viellto con correspondientes vaguadas y crestas en el 
campo de presion es hueno para todas las escalas de 
ondas. 

ASI, e1 termino "ondas mesoescalares en alisios" se re
fiere especlficamente a ondas de 2-500 mi de tamaiio con 
una estructura bftsica similar a las descritas pOl' Riehl. 

* Esta investigaci6n sc hizo par Cantmta Nl/Tn. DA 36·03Q 
5C-89111 con el U. S. Army Electronics Research and Development 
Laboratory. 

"" Seccion de Radar Meteorolugico, Iasti/llto de Cienda Ma
rina, Contribllcion Num. 462 del Laboratorio Marino, Institllta de 
Cienda Marina, Universidad de Miami, Florida. 
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AN ECHO-HEIGHT STUDY OF CERTAIN MESO
SCALE W AVES IN THE EASTERLIES 'k 

HAHOLD P. GElW1S11" " 

ABSTRACT 

The heights of convective preCIpItation echoes associated with 
certain mesoscale waves in the easterlies are studied using RHI 
radarscope data. Several stages of echo development are examined. 
Results of this preliminary study indicate a strong preference for 
the taller echoes to be oriented along and immediately to the rear 
of the wave axis for waves moving slower than a rather uniform 
basic current. This is analogous to the classical model of clouds 
for synoptic-scale waves in the easterlies and is in agreement with 
the theorem on conservation of potential vorticity. Suggestion is 
made that echo-height maps may be helpful in locating mesoscale 
waves in the easterlies of various wavelengths which could not be 
analyzed from conventional synoptic data. 

1.0 INTRODUCTION 

Unrest exists among tropical meteorologists relative to 
the definition of the terms "mesoscale" and "waves in the 
easterlies". For the purpose of this paper, the following 
definitions apply: 

"Mesoscale" refers to the horizontal scale of mc
teorological systems which range in size from 2 to 500 
miles, as suggested by Fujita (1962). 

"Waves in the easterlies" refers to fairly sinusoidal 
oscillations in the low-level tropical easterly current 
as described by Riehl (1954). It is assumed that the 
agreement of troughs and ridges in the wind field with 
corresponding troughs and ridgcs in thc pressure ficld 
is good for all scales of waves. 

Thus, the term "mesoscale waves in thc casterlies" refers 
specifically to waves 2-500 mi in size with a basic structure 
similar to those as described by Riehl. 

" This research was COlldllctcd llnder U. S. Army Electronics 
Research and Development Laboratory Contract No. DA 36-039 
SC-8911l. 

" " Radar Meteorological Se('tion, Instililte 0/ Marine Science, 
Contribll,tion No. 462 from the ilJarine Laboratory, Institute of 
Marine Science University of Mami, Miami, Florida. 
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Esta investigacion representa un esfuerzo preliminar pa
ra examinar las alturas de eeos de preeipitacion convectinl 
relacionados con ciertas oudas mesoescalares en alisios. 

2.0 PROCEDIMIENTO 

En este trabajo se analiza ron dos situacioncs que abar
cahan ondas mesoescalares especificas en alisios como sc 
han definido arriba. EI procedimiento consistio en compa
rar datos de ceo-altura en dichas situaciones con posiciones 
de ondas que se habian examinado antes en estudios de 
Gerrish y Hiser (1962, 1963). Se hizo asi para reducir 
errores en los resultados, anotiindose en la Tabla I algunos 
periodos de crecimiento y disipacion con apoyo en datos 
RHI disponibles. 

TABLA I 

This research represents a preliminary effort to examine 
the heights of convective precipitation echoes associated with 
certain mesoscale wavcs in the easterlies. 

2.0 PROCEDURE 

Two situations involving specific mesoscale wayes in the 
easterlies as described aboye are analyzed in this paper. 
The procedure was to compare eeho-height data in these 
situations with the wave positions which were previously 
presented in reports by Gerrish and Hiser (1962, 1963). 
This was done to reduee bias in the results. Several periods 
of growth and deeay based on availahle RHI data were 
chosen as listed in Table I. 

TABLE I 

SITUACIONES Y PERIOD OS ESTUDIADOS 
SITUATIONS AND PERIODS STUDIED 

Situacion 

Situation 

Agosto 26, 1961 
(easi 1800Z) 

26 August 1961 
(near 1800Z) 

Agosto 8, 1958 
(casi 1800Z) 

8 August 1958 
(near ] 800Z) 

I Periodos Estudiados 

Periods Studied 

1737-1741Z 

17·11-174.5Z 

1737-1745Z 

1643-1647Z 

18H.-1818Z 

]818-1822Z 

Se requeria un periodo de aproximadamente 4 minutos 
para una revolucion horizontal de la antena del radar al 
tomar fotos radaroseopicas eon lapsos de tiempo RHI a eada 
4 grados de azimut. Fueron eseogidos periodos de casi 4 
minutos ya que en los tropieos puede haber notable creci
mien to y disipaeion entre 4 y <3 minutos. 

2.1 ANALISIS DE ONDAS MESOESCALARES CON DATOS CONVEN

CIONALES. 

Las posiciones de ondas se determinaron analizando euida
dosamente datos sinoptieos eonveneionales mediante isoharas 
I-mb. Se usa ron las -eeglas standard de aniilisis aunque sin des
eehar informes pOl' eausa de efectos loeales, 10 cual se relacio
naba primordialmente eon olros trabajos bajo contrato para 
eomprobar la interpretacion de ondulaeiones en isoharas mas 
tarde despues del analisis. Se puso especial atencion en ineluir 
tantos informes posihles dentro del mejor ajuste de aniilisis 
tras repetidos ensayos, pues los datos de (ludosa exaetilud y 

efeelos semidiurnos de presiou, dos faelore:; que a[eetau lo~ 

aniilisis tropieales, resultaban extremadamente eomplieados. 

Comentarios 

Commen ts 

a) ondas mesoesealares eerca del sur de! 
Florida; b) pocos eeos PPJ. I 

a) mesoseale waves in the vicinity of south
ern Florida, b) few PP I echoes. 

a) ondas mesoescalarcs cerca del sllr elf' 
Florida; h) gran ntllllero de ecos PPL 

a) mesoscale waves in the vieinity of south
ern Florida, h) large number of PPI echoes. 

A period of approximately 4 minutes was required for 
one horizontal revolution of the radar antenna when taking 
RHI time-lapse radarscope photos eyery 4 degrees of azimuth. 
Neighboring 4-minute periods were ehosen since consider
ahle growth and deeay can occur ill the tropies· within 4-8 
minutes. 

2.1 ANALYSIS OF MESOSCALE WAVES FROM CONVENTIONAL 

DATA 

Wave positions were determined by carefully analyzing 
conventional synoptie data using I-mh isobars. Standard 
rules of analysis were used . exeept that reports were not 
thrown out because of local effects. This was done in con
neetion with other contraetual work primarily for test pur
poses with interpretation of undulations in the isobars being 
made later, after analysis. A speeial effort was made to 
include as many reports as possihle in the best fit of analysis 
after repeated trials. Data of questionahle aecuracy and 
large semi-diurnal pressure effecl:", two factors which plague 
tropical analysis, made the analysis extremly complieated. 
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Tambien se comprobo la adecuada estructura de oudas 
en 10 vertical usando secciones de tiempo como en la Fig. 
3. Las ondas mesoescalares aparecen como Hneas cui dado
samente dibujadas que se asemejan a line as de corrientes 
en dichas secciones (que no deb en confundirse con lim-as 
de corrientes dc analisis ordinarios a niveles constantes). 

2.2 ECO-ALTURAS OBSERVADAS POR RADAR. 

Las alturas de ecos de preeipitacion convectiva para 
cada periodo fueron trazadas mediante pellculas radarosco
picas de 35-mm con lapsos de tiempo PHI tomadas en la 
Universidad de Miami. El radar MPS-4 usado para obtener 
estas peliculas tiene anchura de rayo vertical de 0.8 grad os 
y an chura de rayo horizontal de 4, grados, 10 cual significa 
que los ecos no se estiraban mucho verticalmente aunque 
el estiramiento horizontal era considerable. El error maximo 
en la altura a 80 mi n. debido a esa deformacion de anchura 
de rayo por mitad es aproximadamente de 3,000 ps. La 
atenuacion de variacion tiene tambien efectos sobre datos 
de eco-alturas; sin embargo, Hiser et al. (1962) sefialaron 
que tales efectos casi se compensan (dentro de 600 ps entre 
40-80 mi n.) pOl' el estiramiento del rayo vertical en el 
radar MPS-4. Las alturas entre 12-4,0 mi n. fueron usadas 
principalmcnte como guias para analisis ya que la cima del 
barrido se situa en alturas variables en dicho intervalo. Las 
primeras 12 mi n. de video usualmente quedan suprimidas 
por el circuito CST (Control de Sensitividad de Tiempo). 

Un punto de vision de suficiente intensidad apareceria 
en los cuadros RHI hasta con azimut de 2 grados 0 sea 
('asi a 17,000 ps antes y despues del enfoque a un as 80 mi n. 
eomo resultado de la gran anchura del rayo horizontal en el 
radar MPS-4,. Por ello, algunos cuadros que contienen ecos 
fieticios resultantes de efectivo estiramiento del rayo hori
zontal se eliminaron al describir verdaderas eco-alturas. 

2.3 MAPAS DE Eco-ALTURAS. 

El procedimiento consistio en trazar primeramente UIl 

mapa para cada periodo mostrando las bases y cimas de 
todos los ecos de precipitacion vistos en cada cuadro, dentro 
de un espacio de 80 mi n. sin tomar en cuenta el estira
miento en an chura del rayo. Aproximadamente haMa ,t 
grados de azimut entre cuadros. Despues se trazo otro mapa 
para cad a periodo, mostrando la mayor altura alcanzada 
pOl' cada eco, 10 cual se hizo en una mesa iluminada colo
eando el primer mapa sobre el dibujo PPI adecuado y 
anotando las alturas maximas junto can los ecos y asegu
riindose una correcta asociacion entre los datos RBI y PPI 
mediante tal procedimiento. Cuando varios pequenos ecos 
exhibian cimas maximas simi lares dentro de areas poco 
menores de 15 mi 11. de diiimetro, solo Be registraba un 
valor para simplificar el analisis. Las masas de eeo que cu
brian areas relativamente grandes presentaban de hecho 
problemas de interpretacion para la moderadamente intensa 
situacion del 8 de Agosto de 1958. Para dichas masas se 
hizo el esfuerzo de trazar la maxima altura de areas con
vectivas individuales dentro de cada una (EI problema de 

Waves were further checked for proper structure ill the 
vertical hy use of lime sections such as in Figure 3. Meso
scale waves were depicted from carefully drawn lines which 
resembled streamlines on these sections (These lines should 
not be confused with streamlines of standard constant-level 
analysis) . 

2.2 ECHO HEIGHTS AS OBSERVED BY HADAR 

Heights of the convective precipitation echoes for each 
period were depicted by viewing 35-mm time-lapse RHI 
radarscope film taken at the University of Miami. The 
MPS-4, radar used to obtain this film has a vertical beam 
width of 0.8 degrecs and a horizontal beam width of 4 de
grees. This means that the echoes were not stretched very 
much in the vertical although the horizontal stretching was 
considerable. The maximum error in height at 80 n. mi due 
to this half beam-width stretching is approximately 3,000 ft. 
Range attenuation also has effects upon echo-height data; 
however, Hiser et al. (1962)) point out that these effects 
are nearly compensated for (within 600 ft between 4,0-80 11. 

mi) by the vertical beam-width stretching of the MPS-,1, 
radar. Heights between 12-40 n. mi were used primarily as 
a guide for analysis since the top of the sweep is at varying 
altitudes in this range interval. The first 12 11. mi of video 
are usually surpressed by STC (Sensitivity Time Control) 
circuitry. 

Because of the large horizontal beam width of the MPS-4, 
radar, a point target of sufficient intensity would appear on 
RHI frames up to 2 degrees azimuth or as much as 17,000 
It before and beyond the actual target at 80 n. mi range. 
Thus, some frames contained fictitious echoes as a result of 
effective horizontal beam-width stretching which were elimi
nated when describing real echo heights. 

2.3 ECHO-HEIGHT MAPS 

The procedure was to plot a map first for each period 
showing the bases and tops of all precipitation echoes as 
seen on each frame within a range of 80 n. mi regardles~ 
of beam-width stretching. There were approximately ,1, 
degrees of azimuth between frames. Another map was then 
plotted for each period showing the greatest height noted 
for each echo. This was done on a light table by stacking 
the first map over the appropriate PPI display and thell 
noting the maximum heights in conjunction with the echoes. 
Proper associations between RHI and PPI data were as
sured using this procedure. When several small echoes ex
hibited similar maximum tops within an area of less than 
roughly 15 n. mi diameter, one value was recorded for 
simplicity of analysis. Echo masses covering relatively large 
areas did present interpretation problems for the moderately 
intense situation of 8 August 1953. For such masses, an 
endeavor was made to depict the maximum height of in
dividual convective areas within the masses (The problem 
of determining the intense cores of echo masses covering 
sizeable areas could be resolved somewhat by: reducing 
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determinar los nucleos de intensidad de masas de eco que 
cubrian areas de gran tamano se rcsolveria casi por reduc
cion de avance del receptor, uso de atenuadores de sefiales, 
reducicndo la anchura del rayo horizontal y reduccion de 
longitud de pulso, etc_). 

Despues se dibujaron las isopletas de las mayo res altu
ras anotadas para cada eco, asi como las mayo res alturas 
anotadas dentro de las masas de eco a intervalos de 10,000-ps 
para los varios periodos de las situaciones seleccionadas. 

3.0 DISCUSION DE RESULTADOS 

Las isopletas de mapas de eco-alturas parecen orientarsc 
ell bandas alternantes de valores de altura maxima y mi
nima. Para todos los periodos analizados hubo tendencia 
de las bandas de maxima altura a orientarse a 10 largo de 
o mas bien, inmcdiatamente atras de los ejes de ondas de 
slllwrfieie, 10 cual es bastante aniilogo al modelo cliisico 
de nubes para ondas de esc ala sinoptica en los alisios des
nitos por Riehl (1954). 

Las cartas de viento superior para amhas situaciones 
indican que la corriente hiisica de bajo nivel era del orden 
de easi 10-12 nudos, en tanto que las velocidades de ouda 
trazadas por su continuidad de superfieie cada 6-horas era 
de casi 5 uudos, exeepto para Ia onda prccisamente al 
oeste de Miami a las 18000Z, el 26 de Agosto de 1961, que 
se mOvla a unos 10 nudos. Las secciones de tiempo indicaban 
que esta corriente era bastante uniforme con la altura y que 
~c pucde usar subjetivamente el teorema de conservacion de 
vorticidad potencial para dcmostrar que csos resultados en 
mapas de eco-alturas generalmente dehen esperarse en tales 
condiciones. Asi, los resultados son aparentemente razonahles. 

Fi~. l.-Situilcion en Agosto 26, 1961 [\ las U100Z_ 
Mapa de snperfieie ([l la r1erecha)_ 

Mapa de eeo-altums (a ]a iZfjllierda) 

receiver gain, using signal attenuators, reducing the hori
zontal beam width, reducing the pulse length, etc.). 

Isopleths of the greatest heights noted for each eeho and 
greatest heights noted within echo masses were then drawn 
at 10,000-£t intervals for the various periods of the chosen 
situations. 

3.0 DISCUSSION OF RESULTS 

Isopleths on the echo-height maps appeared to he orient
ed in alternating hands of maximum- and minimum-height 
values. For all periods analyzed, there was a tendency for 
the maximum-height hands to be oriented along or preferably 
immediately to the rear of the axes of the surface waves. 
This is somewhat analogous to the classical model of clouds 
for synoptic-scale waves in the easterlies as described by 
Riehl (1954). 

Upper-wi~d charts for both situations indicate that the 
basic low-level current was of the order of about 10-12 
knots, whereas the wave speeds as depicted from 6-hourly 
surface continuity were ahout 5 knots except for the wave 
just west of Miami at 1800Z, 26 August 1961, which moved 
closed to 10 knots. Time sections indicate that this current 
was rather uniform with height. One can subjectively use 
the theorem of conservation of potential vorticity to show 
that the results as indicated on the echo-height maps are 
generally to he expected under such conditions. Thus, the 
results appear to bc reasonable. 

\JHI'\(EII'SITT or "!I"W! 
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Fig. 1.-1800Z, 26 August 1961 situation. 
Surface maps (to the sight). 

Echo-ht>ight map (to the left)_ 
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Fig. 2.-Compuesto de radar de Agosto 26, 1961, a las 1730-1735Z. 
Fig 2.-Radar composite 1730-1735Z 26 August 1961. 

La Fig. 1 presenta la situacion del 26 de Agosto de 
1961 con resultados de un periodo, indicando el mapa de 
eco-alturas que para la relativamente comun situacion que 
contiene pocos ecos, la correspondencia entre las bandas de 
maxima altura y los ejes de las ondas mesoescalares es bas
tante buena. Dichas bandas se separaban aproximadamente 
100 mi n., debiendose las ondulaciones y ligeros cambios 
en ellas en todas las situaciones al crecimiento y disipa
cion de ecos. Sin embargo, tal cosa no parece afectar la 
preferencia de los ecos mas altos a orientarse a 10 largo de 
e inmediatamente atras de los ejes de ondas. Debe notarse 
tambien que las bandas de maxima altura son casi del 
mismo orden de magnitud sobre tierra 0 agua a las 1737-
1745Z en tal situacion. 

Es diflcil precisar los efectos de frentes de brisas ma
rinas sobre la banda de maxima altura en tierra en la Fig. 
1. Los datos PP obtenidos de varios radares en Florida 
sugieren que ciertas porciones de esta banda cerca del Lago 
Okeechobee y justamente al oeste de Miami pueden ser 
afectados por frentes de brisa marina (Fig. 2). Sin embar
go, el aparente £rente de brisa marina a 10 largo de la 
costa suroeste simula estar en angulo recto con la banda. 
EI area de eco al sureste del Lago Okeechobee hasta la 
costa oriental parece demasiado grande para constituir pOl' 
completo un £rente de brisa marina. La seccion de tiempo 
para Miami (Fig. 3) muestra una vaguada cerca de 11,000-
ps a las 18000Z del 26 de Agosto con indicacion de haber ba
jado hasta 3-5,000-ps un as 3 horas mas temprano, si se supo
ne est ado estacionario. Ya que otras cartas no indicaban una 
situaeion de ese tipo, la vaguada probablemente lIego a la su
perficie cerca de Miami casi a las 1500Z. Un movimiento de 
10 nudos colocaria esa posicion de la vaguada a mas de 30 
mi n. al oeste de Miami a las 1800Z. Evidentemente tal 
vaguada depende dc la onda mesoescalar y la banda de 
maxima altura en cuestion. La seccion de tiempo tambien 

SFe 

to ~ 

HI ~ 

Fig. 3.-Seccion de tiempo para Miami, Fla., Agosto 25-27, lY61. 
Fig. 3.-Time·section for Miami, Fla., 25-27 August, 1961. 

Fig. 1 presents the 26 August 1961 situation with the re
sults 0 one period. The echo-height map suggests that for the 
relatively common situation containing few echoes, the cor
respondence between the maximum-height bands and the 
axes of the mesoescale waves is quite good. These bands 
are approximately 100 n. mi apart. Wiggles and slight shifts 
in the bands in all situations were due to growth and decay 
of echoes. This, however, did not seem to affect the prefer
ence of, the highest echoes to be oriented along and im
mediately to the rear of the waves axes. Note also that 
the maximum-height bands are about the same order of 
magnitude whether over land or water at 1737-1745Z in this 
situation. 

It is difficult to assess what effects sea· breeze fronts may 
have on the maximum-height band over land in Fig. l. 
PP data composited from variolls radars in Florida sug
gest that portions of this band near Lake Okeechobee and 
just west of Miami may be affected by sea-breeze fronts 
(Fig. 2). However, the apparent sea-breeze front along the 
southwest coast appears to be at right angles to the band. 
The echo area southeast of Lake Okeechobee and extending 
to the east coast seems too large to be entirely sea-breeze 
front. The time section for Miami (Fig. 3) indicates a 
trough near 11,000-ft at 1800Z on 26 August with the sug
gestion that it would have been as low as 3-5,000-ft 3 hI'S 
earlier, assuming steady state. Since other charts indicated 
that this was not a steady-state situation, the truogh pro
bably did reach the surface near Miami about 1500Z. A 
movement of 10 knots would put the surface position of the 
trough some 30 11. mi west of Miami at 1800Z. This trough 
evidently is associated with the mesoscale wave and the 
maximum-height band in question. The time section also 
indicates that the trough extended at least to 16-18,000-ft. 
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indica que la vaguada se extendia casi hasta 16-18,000-ps. 
Asi, el autor concluye que los efectos de brisa marina se agre
garian en ciertas porciones de la banda, pero que correspon
dian a una onda ya existente en el aire. 

Es razonable esperar que cuando existan mas datos se 
eneontraran mas bandas de alturas maximas y minim as, 
como en la situacion del 8 de Agosto de 1958 que se pre
senta en la Fig. 4. En tal situacion hubo easi dos veces 
mas datos de eeo-alturas en comparaeion con la situacion 
de la Fig. 1. EI espaciamiento entre bandas de maxima 
altura era casi la mitad de la cifra anterior 0 50 mi n. 
La banda de maxima altura a 10 largo de la costa oriental 
de Miami correspondia evidentemente con su eje de onda; 
a pesar de ello no se analizaron otras ondas dentro de 80 
mi n. de Miami en correspondencia con otras bandas de 
maxima altura. Tal vez si se usaran datos de cada hora en 
vez de eada 6-horas y de continuidad podrian analizarse 
mas ondas. En ciertos casos las ondas mesoescalares 0 las 
vaguadas separadas por 50 mi n. puedan analizarse con 
datos sinopticos convencionales, presentandose un ejemplo 
en la Fig. 5. Un estudio de eco-alturas de esa situacion, 
apenas anterior a la fonnacion del Huracan Alma (1962), 
tambien indico buena correspondencia entre las bandas de 
maxima altura y los ejes (ver Fig. 5). Aunque dichas va
guadas mesoescalares estaban asociadas con un vortice bas
tante grande en una onda de escala sinoptica en los alisios, 
no pueden considerarse estrictamente como "ondas mesoes
calares de alisios" pues se situ an a 10 largo del lado sur 
del vortice con cireulacion localizada hacia el oeste en el 
aire. Las ondas incluidas en ese flujo localizado hacia 
el oeste no tienen la estructura hasica definida antes y por 

Fig. 4.-Situacion en Agosto 8, 1958, a las 1800Z 
Mapa de superficie (a Ia izquierda) 
Mapa de eco·alturas (a Ia derecha). 

Thus, the author concludes that sea-hree~" effects may havc 
hcen additive in certain portions of the band, but it is also 
associated with a wave that had history aloft. 

It is reasonahle to expect· that with more data there 
would be more maximum- and minimum-height bands. Such 
was the situation of 8 August 1958 as presented in Fig. 4. 
For this situation there were about twice as many echo
height data as compared to the situation in Fig. 1. The 
spacing between maximum-height bands was about half of 
that in the previous figure or 50 n. mi. The maximum
height band along the coast east of Miami corresponded 
favorably with the wave axis there; hewover, there were 
no other waves analyzed within 80 n. mi of Miami for 
correspondence with the other maximum-height bands. Pos
sibly if hourly rather than 6-hourly data and continuity 
were used, more waves could have been analyzed. In certain 
instances, mesoscale waves or ttroughs approximately 50 n. 
mi apart can be analyzed from conventional synoptic data. 
An example of this is presented in Fig. 5. An echo-height 
study of this situation, which was just a prior to the form
ation of Hurricane Alma (1962)' also indicated good cor
respondence between the maximum-height bands and the 
axes (see Fig. 5). Although these mesoscale truoghs were 
associated with a rather large vortex in a synoptic-scale wave 
in the easterlies, they do not strictly qualify as "mesoscale 
waves in the easterlies", because they are located along the 
southern side of the vortex with localized westerly flow 
aloft. Waves embedded in the localized westerly flow do not 
have the basic structure defined earlier. Therefore, the 
example is for illustrative purposes only. This snggests that 

HTS IN THSDS FT I (CHO-HT MAP 

AXIS OF SFC WAVE - - -

, 'eo '~~- J 
_" .~ __ 181~~8~~ 8 AUG 1958 L-______________________ __ 

Fig. ",-1800Z 28 August 1958 situation. 
Surface map (to the left) 

Echo-height map (to the sight). 
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HTS IN THSDS FT 
I AXIS OF SFC WAVE ---

Fig. 5.-Situacion en Agosto 27, 1962, a las OOOOZ. 
Mapa de superficie (a la derechal 
Mapa de eeo·alturas (a Ia izquierda). 

ello, el ejemplo 5610 tiene canicter ilustrativo, sugiriendo que 
al comprobarse este estudio, las bandas de maxima altura en 
mapas de eco·alturas ayudaran a situar ondas mesoescalares 
de varios tamafios en alisios, que no se analizarian con los 
datos sin6pticos convencionales. 

En la Fig. 4, tambien parecen agregarse efectos de brisa 
marina, pues los altos ecos que se extienden desde la costa 
cerca de Cape Sable indican que habia otra perturbaci6n 
en el area. N6tese tambien en esta situacioll que una banda 
de maxima altura existe a 10 largo de la costa justamente al 
cste de Miami en tanto que en el ejemplo previo habia una 
banda de minima altura en dicha area. 

Seguramente con un creciente y gran numero de ecos, 
las bandas de maxima altura se corresponderian mas entre 
si, pues pOl' definici6n la onda mesoescalar mas pequefia 
tendria 2 mi de longitud de onda, que es casi la escala de 
las "calles de nubes" observada sen Florida al principiaI' 
las tardes en Agosto. 1 Asi, puede sefialarse una relacion 
vaga entre ciertas "calles de nubes" que son perpendicu
lares al viento y a las ondas mesoescalares en los alisios. 
En esa escala las bandas de maxima altura corresponderian 
rr las filas de nubes y las bandas de minima altura a las 
regiones entre dichas filas que casi carecen de nubes. 

4.0 COMENTARlOS FINALES 

La consistencia de resultados que comprueban esencial
mente una bien conocida relacion clasica de Ia mesoescala 
es alentadora. Debell realizarse estudios mas amplios en la 

1 Comunicacion personal del Sr. Plank Vernon, Aerophysics 
Lab., Air FQ),ce v.R.P., Cambridge, Mass. 

" 

Fig. 5.-0000Z 27 August, 1962 situation. 
Surface map (to the sight) 

Eco-height map (to the left). 

after further verification of this study, maximum-height 
bands on echo-height charts may assist with the location of 
various sizes of mesoscale waves in the easterlies which 
could not be analyzed from conventional synoptic data.· 

In Fig. 4, sea-breeze affects also may be additive. Rather 
high echoes extending off the coast near Cape Sable suggest 
that some other disturbance was in the area. Note also in 
this situation that a maximum-height band exists along the 
coast just east of Miami, whereas in the previous example 
there was a minimum-height band in this area. 

Conceivably, with increasingly large numbers of echoes, 
the maximum-height bands would become correspondingly 
closer together. By definition, the smallest mesoscale wave 
would be 2 mi in wavelength. This is roughly the scale of 
"cloud streets" as observed in Florida during the early 
afternoon in August. 1 Thus, there may be some remote 
connection between certain "cloud streets" which are per
pendicular to the wind and mesoscale waves in the easterlies. 
On this scale the maximum-height bands would correspond 
to the cloud rows and the minimum-height bands would 
correspond to the regions between the rows which are nearly 
cloud free. 

4,.0 CONCLUDING REMARKS 

The consistency of the results to essentially substantiate 
a well known classical relationship on the mesoscale was 
encouraging. More exhaustive studies should be attempted 

1 Personal communication from Mr. Vernon :plank~ Aerophysic~ 
LlIh., Air Force G.R.D., ClImbridlie, Mass, 
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misma direccion con mayores datos que incluyan periodos 
diurnos y horarios, si es posible. El radar puede ser un 
buen auxiliar en la localizacion de ondas mesoescalares de 
alisios as! como en su rastreo. 

along these lines based on a much larger sample involving 
diurnal and hourly data, if possible. Radar may prove to 
be very helpful in locating mesoscale waves in the easterlies 
as well as tracking them. 
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