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ta. This 

e features of greatest and most immediate interest to synoptic me 
logists are usually those which are weather producing. By ignoring orograp 
influences, these can be lumped into the two general categories of co 
ging air streams and vortices. The tropical atmosphere, is, in general 
layered character in the wind field and it is, therefore, convenien 
synoptic climatology point of view to further categorize the tropic 

intn tho lnwer troposphere and upper troposphere 

2. The lower troposphere 

he ver troposphere, a layer from the surface to the 
one, winch in general lies near 20000 ft, has received most of the 
n the tropics. This is only natural, since most of the available 

rated in the lower levels and there are insufficient data, 
to produce an analysis of the upper tropical troposphere wi 

nce on a global scale, I t  is within this lower layer that the wa 
pical storms form, and it has been only in recent years that 
teorologists have looked to the upper levels for clues to the 

and movement of these destructive storms. 
e first meteorological satellite, TIROS I, demonstrated the 

pability of observing the complete tropical storm circula 
ccessfully programmed to photograph a Southern 

ust east of Australia [l]. During May 1960, TIROS I obtained 
' days of data over the Indian Ocean region, includ 

of a tropical storm in the Arabian Sea. These data de 
bility of meteorological satellites in the surveil1 

torms and hurricanes [2]. Fig. 1 is a composite of 
an Sea storm during three days of its life cycle. Th 

track (fig. 2), as determined by the satellite observations, 
normal path and allows for the logical dissipatio 
of southern Arabia ; whereas the positions as determine 

ronal data [3], in addition to the consequences of e 
ings, produced for historical purposes a very ra 
pated over a tropical ocean far removed from a cold air sourc 

rricane intensity shortly after the time of the photog 

large-scale synoptic feature, which will be of maj 
an analysis for the lower troposphere, is the conver 



track as determincd by satellito and conventional 

@on during the period of 

ded. A partial view of this convergence zone on 14 May is shown in 

of the westerly current from northern Somaliland and the south- 
ow from the equatorial region just south and east of Somaliland. 
ioning of the storm and the convergence zone from satellite data, 

ow level circulation (fig. e), 

have a history of formation in an existing 
nt into an easterly current. The role of the 

orology than was the frontal regime of some 20 years ago. An 







J:iK. 3. Convergence zone in the soutll Ara11i;un sea. 
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[I111 TROPICAL METEOROLOGY 

lysis, no vortex could logically be extrapolated back to an easterly wave 
heginning. The program was terminated in 1969 for lack of results. 

A synoptic-climatological treatment of low-level vortices should, there- 
fore, initially concentrate on the semipermanent troughs in which the vor- 
tices form. The general location and orientation of the troughs for the North- 
ern Hemisphere summer season are shown in fig. 6. These troughs arc 
mainly monsoonal, and their orientation is determined, in the mean, by the 
location of the major land hest sources. 

Neither the scope of this paper nor the available meteorological satellite 
data permit a discussion of all the areas of major low-level troughs. Sufficient 
data were obtained from TIROS 111, during July and August 1961, for some 
preliminary work on the Eastern Pacifik area. This tropical area is of par- 
ticular interest from a satellite data point of view since it is a region almost 
void of conventional data, and of considerable tropical storm activity. 
Observations from the few ships traversing the area indicate the region east 
of 120" W between 10°N and 20"N to be an area of numerous vortices, 
many of which are of hurricane intensity. The reports from the few scientific 
parties which have visited Clipperton lsland (10" N,  109" W) during the 
summer seasonindicate that an average of greater than one vortex per week 
passes to the north of the island on a northwesterlycourse, many of which arc 
deduced to be of hurricane intensity / 5 ] .  I t  is reasonable to assume, from the 
above and other considerations to be discussed later, that this region is 
second only to the Western Pacific, on a global scale, in the number of severe 
tropical storms and hurricanes; however, it is not even included in the clima- 
tological records of tropical cyclone frequencies [ci, 71, due to lack of defini- 
tive data and storm path information. 

From 12 July through 11 September 1961, seven tropical storms were 
detected and named by the U.S. Weather Bureau in the Eastern Pacific, east 
of 120"W between 10 ON and 25ON. The majority of these were iiiitially 
detected through evidence of surface data from ships and the west coast of 
Central America. The data were not of sufficient density to determine exact 
positioning, intensity, or track. Partial photographic data coverage was ob- 
tained by TIROS I11 over this area during 20 days of the 60-day period. 
Data from these occasional orbits furnish coiisidcrablc iiiforniation on thc 
life history of storms in this region. 

A view of tropical storm Madeleine at 1800 GMT, 20 July, at 14" N, 
111' W, is shown in fig. 6. The storm is deduced to be of hurricane intensity 
due to the large cirrus shield and, in particular, to the surrounding clear zone, 
Such a clear zone has been noted in most satellite views of tropical storms of 
hurricane intensity. It is an indication of extreme subsidence being established 



Fig. 5. .h idealized northern summer low-Ievel circulation regime with monsoonal trough locations. Vortices of Central Pacific viewed - 
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by TIROS are denoted by T. 



by the storm and must certainly be included in future models of hurrican 

Hurricane Liza was detected, from conventional data, and named on 14 
July when located at  14"N 97"W. The subsequent track was WNW; and from 
sparse conventional data, she was listed as being of hurricane force until 
1800 GMT on 19 July, at which time the position was estimated as 81' N, 
121" W.TIROS I11 viewed Liza at  1830 GMT on 19 July at 2G" N, 121' W, 
or about 300 miles from the estimated position. It is evident from the TIROS 
photograph (fig. 7)  that Liza is already a very weak storm and in an ad- 
vanced decay stage. The cirrus shield has disappeared as has the eye and 
wall cloud, although the cloud pattern still indicates the existence of a vor- 

Liza and Madeleine were so positioned a t  1800 CMT 011 23 July that both 
storms were viewed on the same TIROS I11 orbit. A mosaic of this orbit is 
shown in fig. 8, A comparison of figs. 6, 7, and 8 indicates that Madelcine has 
decreased in intensity in the past three days of westward movement, and 
that Liza has continued to dissipate. A streamflow analysis, based on the 
cloud data from the mosaic and scattered ship reports to the north of the 

long, narrow line of cloudiness extending between thc northern limits 
each storm. North of this line are the typical stratus and stratocumul 
clouds associated with southward flowing air over the cold, upwelling wa 

masses and lines associated directly with the two storms and the trough be 
tween, This long, narrow cloud line, or "front", is the separation between ail 
masses and, in pictorial mosaic, it furnishes evidence of no breakthrough of 

1 America recurve sharply into Western Mexico or penetrate as fa 
northwestward as the shipping lanes between Hawaii and the United State 
mainland, The satellite views of Liza are a graphic confirmation that thes 

cold, sea, surface temperatures and dissipate. It is probable that these storm 

hat is the history of those storms which track westward and remain at 

reports and are rarely detected by conventional observations at the widely 

ein, and Eniwetok. The most plausible pre-TIROS r 
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TROPICAL WEATHER PLOTTING CHART- CENTRAL AND EASTERN PACIFIC AREA 
,A,? I , .  

" 

Fig. IJ. A sutfaco atrcamfluw .trldlysis bascd on tho mosaic of fig. 8.  

island chain at  166" W, some 3000 miles from the formation area, due to 
unfavorable upper tropospheric circulations. Data from TIROS III have 
shown that frequently storms do, in fact, move westward between 10" N 
and 20" N without being detected by the island stations and, although mov- 
ing through a region having west winds above 6 km, they are able to main- 
tain a vortex circulation during at least 4000 miles of travel. 

TIROS I11 obtained partial coverage of this tropical, central North Pacific 
region from 16 August through 3 September 1961, During this period, at 
least six tropical vortices were detected west of 130' W between 10" N and 
20' N (fig. 5) .  A mosaic of orbit 625 on 18 August (fig. 10) shows two of these 
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vortices, on their track westward, to the south of the Hawaiian Islands. The 
vortex at  14" N, 170" W, 160 miles south of Johnston Island, has a very 
tight circulation arouncl what appears to be a well defined wall cloud with a 
clear eye. The storm is unlikely to be deep or intense, since there is strong 
shear with west winds over the vortex above 5 kin. The alignment of the 
cloud streets would indicate that the westerlies associatccl with the vortes 
extend to 10" N or 260 miles south of the center, These cannot be confirnicd 
as surface westerlies. The only surface observation to thc south is a ship 
report within the Convergence line at 7" N ,  176' W. The ship observed cas- 
terly winds and moderate to heavy rain showers. The trailing vortcx at  
13' N ,  189" W has a distinctive and recognizable circulation but is too ncar 
the horizon for detailed consider a t '  ion. 

I t  is of interest to note from fig. 10 that the traveling vortices appear to 
establish double and discontinuous convergence lines, one to the north and 
the other to the south of the vortex latitude. The mosaic of orbit 624, some 
24" east of orbit 525, also shows this double convergence line configuration 
(fig. 1 1 ) .  If we assume that the split is due to a traveling vortex, we could 
spcctrlate the vortcx position at approximately 13" N ,  147" W. 

A severe tropical storm was also observed at  15" N, 116' W from data of 
orbit 623. This storm was not detected and named by the National Mcteoro- 
logical Center even though it appears from the photograph to be ncar, if not 
equal to hurricane intensity (fig. 12). 

Such a train of vortices, spaced about 700 miles apart, would sccm to 
require, or by their combined effect establish a pressure trough line from 
Central America westward through the central North Pacific at approxi- 
mately 16" N. This proposed circulation regime is much inore complicated 
than the simple easterly regime as typified in fig. 5 ,  which is based on tlic 
sparse available conventional data [8]. Tlic true regime will be found only 
through a synoptic climatological approach, utilizing complete daily satellite 
coverage in conjunction with conventional data. 

The southern portions of figs. 10 and 11 depict very dramatically the 
widely scattered cloudiness in the equatorial zone. This coincides nicely with 
the available climatology of the area [8 ] .  This equatorial zone is charncter- 
ized by a cold water current, diverging low-lcvcl winds, little cloudiness, and 
an arid climate, 

The next logical sequence is to determine what happens to these vorticcs 
as they move into the Western Pacific. Do they regenerate into typhoons ? 
The climatology of tropical storms and typhoons of the Western Pacific, 
which is of long record and considered reliable [7], indicates such regenera- 
tion to be very rare. The majority of typhoons of the Western Pacific form 



mean position near 10°N during the summer season (fig. 6)  [9, 101. The 
vortices, moving west at  latitudes of 16" N greater, come under the adverse 
influence of the upper tropospheric trough whose southwestern extent is 
near 15' N,  152' E in the July mean (fig. 13). Having been progressively 
weakened by their long travel under upper tropospheric westerlies (fig. 13), 
the vortices probably finally dissipate as they move under the convergent 
zone of the upper trough. The data from TIROS 111 were not of sufficient 
coverage or continuity to verify this. 

3. The upper troposphere 

The upper troposphere is here identified as the layer between approxi- 
mately 20000 ft and the tropopause. This discussion will be limited to some 
highlights of preliminary studies of the upper tropospheric circulation of the 
Northern Hemisphere summer. The most fascinating feature of this circula- 
tion is the dominating influence of a persistent cold trough which is oriented 
more or less east-west and extends at times across more than 200' of lon- 
gitude. The synoptic climatology of this upper tropospheric stratum, during 
the summer season, merits high priority for reasons which will be put forth 
during the following discussions. 

3.1 .  THE CIRCULATION PATTERNS ARE NOT PROPERLY DEPICTED IN MOST 
UPPER WIND STATISTICS AND ANALYSIS CHARTS OF THE NORTHERN 
HEMISPHERE [11, 121 

A discussion of the 200 mb level of the Central Pacific region will illustrate 
this point. The mean 200 mb streamline chart of the mid and western Pacific 
Ocean region for July is shown in fig. 13. This analysis is based on the actual 
mean resultant winds and a synoptic-climatological knowledge of the region, 
Note that the dominant feature of this Pacific region, in the Northern 
Hemisphere, is the sharp trough extending from 18" N, 160" E to the eastern 
edge of the analysis at 32" N, 166' W. This trough is embedded between two 
mean east-west ridge lines, the southern one near 8' N and the northern 
one extending from 30' N, 116" E to 37" N, 166" W. Fig. 14 is a mean 200 
mb streamline chart for the same month and region but with the streamline 
analysis dictated by the isogon field as published in [12], The mean wind 
direction at the five stations between 26" N and 30' N is plotted to empha- 
size the extreme departure of the analysis from the true measured wind. The 
number of years of data included in the mean, as shown above the stations, 
varies from six to nine years. 
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I t  is obvious that the circulation patterns bear little resemblance to each 
other. I t  would be unkind to speculate on the various reasons for the inac- 
curacies in the referenced published charts. Mean charts, based on true 
measured winds, have been available for this Pacific region since 1956 [l.?, 
14, 161. 

3 . 2 .  THE UPPER TROUGH IS NOT CONFINED TO THE PACIFIC REGION BUT IS 

ALSO THE DOMINANT UPPER TROPOSPHERIC FEATURE OF THE SUMMER 
SEASON OVER THE GULF OF MEXICO, CARIBBEAN SEA, AND ATI.ANTI(' 
OCEAN REGIONS 

The majority of the research effort concerning the tropical upper tropos- 
phere has been concentrated in the Pacific. This has been due to the opera- 
tional requirement for detailed wind forecasts in support of nuclear weapons 
testing. However, some recent investigations have been conducted in the 
Atlantic region. 

Dean, a pioneer in the Pacific program, has produced mean analyses for 
the Caribbean and Western Atlantic, His analysis of the mean wind iield for 
the 300 mb level during August 1968 is shown in fig. lti. Note that the 17 
days of reconnaissance data, east of the conventional upper air network, 
depict clearly the sharp trough near 25" N ; and, in fact, the existence of tlic 
trough might be questioned by some without these additional data. 

Daily analyses of the 40000 ft surface were produccd during the latter 
part of August 1969 in support of cloud interpretation studies utilizing high 
altitude photography, from an Atlas missile, over the Atlantic Missile 
Range [lS], An analysis from this series, for 24 August 1969, extended to a 
global scale, is shown in fig. 16. The upper trough, depicted by the dotted 
line, extends westward from an intense cell over the Western Mediterrancan 
SCR, across the Atlantic, Southern United States, Eastern Pacific, and ter- 
minates south of Wake Island near 180'. From the available wind data, only 
the cyclonic cells over the Western Mediterranean and Northern Gulf of 
Mexico can be positioned with accuracy, Subsequent discussions will concern 
the use of satellite data in the positioning of cells within the trough over 
regions of sparse conventional data. 

3.3 .  THE CORRECT CLIMATOLOGY OF THE UPPER TROPOSPHERE SHOULD LEAL) 
TO IMPROVEMENTS 1N GENERAL CIRCULATION THEORIES AND MODE1.S 

We have discussed in 3.1. the differences between the circulation pat- 
tern derived from published hemispheric mean wind statistics charts and 
the true pattern as derived from a direct analysis of the mean resultant 
winds, This comparison was made for the Pacific region where the uppei 
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wind network, although sparse, is favorably distributed and of sufficient 
record length for climatological confidence in a very persistent pattern. It 
is possiblc to take advantage of this comparison study and of a restricted 
sample of daily global analyses to postulate a configuration of the mean 
hemispheric pattern. A simple way to view the pattern is to extract and plot 
the ridge and trough lines on a hemispheric scale. Fig. 17 is such a plot deriv- 
ed from fig. 16. Note that the ridge line assumes a spiral character and the 
trough is formed or positioned between the double ridges. The weak data 
link as to whether the trough is continuous and the ridge an unbroken spiral 
occurs over Mexico and the Eastern Pacific (see fig. 16). A plot of the mean 
ridge lines as extracted from the data in [ l l ,  121 is shown in fig. 18. By 
utilizing these mean data and projecting the known inaccuracies and adjust- 
ments necessary for the Pacific region to the Atlantic region, a mean July 
200-mb ridge and trough line configuration is obtained, as shown in fig. 19. 
Note that the data from fig. 18 have been assumed correct over Mexico and 
Central America and that such an assumption results in a mean double-leaf 
spiral ridge and a discontinuous trough restricted to the oceanic regions 
instead of the continuous ridge spiral and trough of the synoptic analysis in 
fig. 17. Without definite data over Mexico and Central America thc dis- 
continuous trough pattern is preferred due to indirect considerations to be 
discussed below. 

What is the explanation for this general circulation pattern of the Nor- 
thern Hemisphere summer and will it require changes to, or supply answers 
for the current circulation theories and models? A simplified - perhaps 
overly simplified - explanation is apparent from an inspection of the rela- 
tion of the ridge and trough line configuration to the distribution of land and 
water masses of the Northern Hemisphere. Over the land masses, the 
thermal equator or heat source migrates to approximately 26" N during 
mid-summer, thereby maintaining a temperature gradient between the heat 
source and sink which requires a wave or Rossby regime for adequate ex- 
change. However, over the ocean masses the low latitude temperature chang- 
es little while the high latitudes and polar region are warming considerably, 
thereby decreasing the source to sink temperature gradient. Theoretically, 
when the gradient decreases in value the circulation pattern decreases in 
wave number and changes to a symmetrical or Hadley regime when the 
gradient drops below a critical value [17]. 

The spiral ridge configuration is a synoptic-climatological verification of 
a Rossby regime over the continental areas and a strong tendency toward a 
symmetrical regime over the oceanic regions. The qualification of "tendency 
toward' is used because the pattern is not a true symmetrical one and it maj 
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Fig, 17. A hcniisplicric plot of tlic ridRc tint1 trough lines f r t m  fig. 18. 

be argued that it is only a Rossby regime of wave number two, with the 
waves or troughs having extreme tilt back to the west. 

A recent theoretical study equated the mean daily latitudional temper- 
atures, net excess of radiation, and zonal winds to the meridional transport 
of heat by the large eddies of migratory cyclones and anticyclones [18]. 
A satisfactory balance was obtained except for the monthsof May, June, July, 
and August, when the required transport, unexplitinably, decreased to 7 ~ x 0 .  

The general circulation studies which have bcen conducted for the summer 
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Fig. 1% A hemispheric plot of the ridge lines from [I l l  and [123. 

O W ~ U I I  should be reviewed, and corrected where necessary, to incorp 
the true wind data of the tropical and sub-tropical regions, 

3.4, THE EFFECT OF THE UP 
NTROLLING FACTORS IN 
RRICANES AND TYPHOON 

theories and models o 
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perhaps even approaching the frequency of typhoon development in the 
Western Pacific. If there is a dominant influence of the upper trough on 
hurricane or typhoon development, then it would be reasonable for the 
two areas of greatest frequency of development to have a similar geograph- 
ical positioning relative to the mean trough. The two areas are shown on fig. 
19 by stippling. Their relationship to the upper trough is strikingly similar. 
Each area is about 10" south and west of the western end of the troughs 
and is under mean upper troposphere easterlies. 

The similarity, in relation to the upper troposphere, ceases as t ';e storms 
move westward out of the areas of development. The typhoons' remain in 
deep easterlies and are unimpeded in their movement through the Western 
Pacific into Southeast Asia. They encounter the ridge and upper westerlies 
only during recurvature and then quite far to the north, near 30' N. How- 
ever, the hurricanes of the Eastern Pacific must contend with the southern- 
most ridge of the double ridge pattern. Their difficulties in survival were 
covered in detail during the lower troposphere discussion, but perhaps are 
more vividly illustrated by fig. 19. Those that track northwest encounter the 
ridge and the upper westerlies, in addition to the cold water, near 20" N. 
Those that move due west between 10' and 16' N encounter the ridge and 
upper westerlies near 136OW. Therefore, the storms of hurricane intensity 
are confined to the area between Central America and the ridge line and are 
extremely rare in the Central Pacific. 

3.5 ,  THE UPPER TROPOSPHERIC TROUGH SYSTEMS-AND IN PARTICULAR THE 
CYCLONIC CELLS WITHIN THE TROUGHS-ARE IMPORTANT CLOUD AND 
WEATHER-PRODUCING SYSTEMS 

The cloud and weather systems associated with the upper trough, and the 
cyclonic cells therein, have received very little study in the past because the 
systems are mainly confined to the data sparse oceanic regions. The most 
comprehensive discussion of these cloud systems and a descriptive cloud 
model of the cyclonic cell based on weather reconnaissance aircraft data are 
contained in [22]. These extensive cloud and weather systems most fre- 
quently exist without being reflected in the lower tropsphers pressure and 
wind analyses. The upper cell of fig. 16, located over the Northern Gulf oi 
Mexico, was not detectable in the synoptic analyses at 10000 ft and below, 
yet it produced widespread precipitation, thunderstorms, and squalls over 
the Gulf [16]. Unfortunately, the unsuspecting analyst often accounts E ~ K  
this type of widespread cloud and precipitation pattern by placing an erro. 
neous and forced "easteriy wave" on the low-level charts, 

The meteorological satellite data afford, for the first time, the opport 
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extracted from the transmitted TIROS 111 nephanalyses. 



Fig. 21. A view of the cloud system associated with the upper level vortex located at 31° N 
147' W from TIROS JII orbit 681. System is identified on fig. 20 as M .  
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Vig. 22. Satellit( 'w o f  the cloud r ociatetl with the upper 1 tex located a t  

22" N 172" W from TlIiOS 111 orbit 606. System is identified on fig. 20 as N .  
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Fig, 21. Satellite view of the cloud systom associated with tho  upper troposphere vortex 
located at 10" N 170" E from TIROS 111 orbit 696. System is iclcntificd on fig. 20 as 0. 



Fig. 20. TIROS 111 photograph of uppor level vortex located at 10" N 150' E from 
orbit 1170. 





The initial problem is to identify the upper cells from the satellite ph 

core cells or vortices. False alarms of Atlantic tropical storms transmittea 
from the TIROS analysis centers during TIROS I11 were probably due to 
the inability of the TIROS analyst to recognize and separate the upper cells 
from the low-level vortices. 

A very preliminary study of the TIROS I11 data over the Central Pacific 
indicates the upper cells can be identified from the photographs and thai 
under most circumstances they can be distinguished and separated from tht 
low-level vortices. However, the satellite photographs are not sufficient with- 

rts and a knowledge of the regional climatology. 

the U.S. Weather Bureau. The data at  30000 ft are 

om the western United States to 160' E, but are not sufficient tc 
y cell within the trough. The relative position of the upper trougl 
on the surface analysis by the dotted line, The location and gen 

transmitted TIROS 111 nephanalyses and are shown or 

ellite photograph of the cyclonic cell marked M in fig. 20 i! 

to position and conventional synoptic analyses. 
k cirrus shield over the vortex and the cumulu! 



Island and indicated on the figure as an X. 
is more evident in the surface analysis, but t 

a cold-core system which originated aloft should not 
misinterpretation is not uncommon over this portion o 
where erroneous typhoon warnings have been issued 
core vortices at the 600-mb level and using an extr 

between Hawaii and the western United States do n 



4. Conclusions 
satellites are ideal platforms for observing the tropical 

er systems within this homogeneous air mass, covering 
convergence lines to hurricanes, are mirrored in the cloud 

gical satellites have shown the conventional data sparse 
c to be a region of frequent hurricane development. The satel- 
furnished much information on how, when, and where these 

ummer circulation 

valuable aids in the positioning and study of the 
tood, upper troposphere tropical trough. 
are being obtained by meteorological satellites 
can be assimilated into new or existing circula- 

ainly to the fact that satellite data cannot stand 
d by conventional data in the form of synoptic 
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through the efforts of a global tropical analysis center. 
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