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SEQUENTIAL HIGH-RESOLUTION WIND PROFILE MEASUREMENTS 

1. INTRODUCTION 

A. Background 

Acquisition of high-resolution o r  detailed wind profile measurements 
within the troposphere and lower stratosphere has been possible during the. past 
decade because of the development of two measurement systems. One is the 
optical smoke trail technique whereby a three-station camera network is utilized 
to observe the behavior of the wind-blown smoke trail produced by a rocket as it 
ascends. The other system involves use of a specially designed constant-
volume balloon tracked by a high-precision radar. While both systems produce 
accurate data, the smoke trail system involves a relatively costly rocket and 
delivery unit, is restricted to usage during good visual atmospheric conditions, 
requires an elaborate data reduction scheme, and is more expensive. The 
constant-volume balloon ( o r  Jimsphere-radar system) ,however, does not have 
any of these restrictions. Therefore, the Jimsphere system has been utilized to 
acquire a very unique set of wind profile measurements. These measurements 
are the subject of this report and consist of sequential data sets acquired during 
the last decade at Cape Canaveral, Florida, site of the Eastern Test  Range and 
Point Mugu, California, site of the Pacific Missile Range. 

The sequential data sets consist of three o r  more Jimsphere-radar wind 
profile measurements made over a period of hours (varying from approximately 
6 to 24 h) with time separations of 1.5 to approximately 3 h. Horizontal wind 
speed and direction at 25 m intervals from near the surface to approximately 
18 km altitude were  acquired. This system allows wind measurement throughout 
the troposphere and lower stratosphere. Additional information regarding the 
vertical wind component can also be derived from variations in the vertical rise 
rate of the Jimsphere balloon. Although not available with the data sets described 
in this report, there are high-resolution temperature profile data, measured 
simultaneously with the wind speed and direction profile data, taken during 
selected measurement programs that used the Jimsonde balloon system. 

This report contains a selection of Sequential Jimsphere-radar wind pro
files for the Cape Canaveral, Florida, and Point Mugu, California, measurement 
sites. Table 1provides an inventory of currently available sequential Jimsphere 
wind profile sets. The data presented in  Appendix A do not constitute all the 
available sequential data sets, but do provide a sample which exhibits the princi
pal features discussed in  this report. 
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TABLE 1. SEQUENTIAL JIMSPHERE WIND PROFILE 
DATA SET INVENTORY 

__- _ _  __ - ~-

C ape C anaveral ,Florida 

Point Mugu, California 

Wallops Island, Virginia 

White Sands, New Mexico 

Green River, Utah 

Vandenberg AFB, California 

173 

31 

18 

23 

30 

13 

These data sets are indeed unique and provide the basis for studies of 
both an engineering and disciplinary nature into the mesoscale characteristics 
of the wind flow structure in the troposphere and lower stratosphere. Inquiries 
concerning the availability of magnetic data tape copies of these data sets should 
be directed to the Atmospheric Sciences Division of the Space Sciences Labora
tory, NASA, Marshall Space Flight Center, Alabama 35812. 

B. Purpose 

This report is directed to two groups of investigators: those involved in  
engineering studies concerning aerospace vehicles ( rockets, space vehicles , and 
aircraft) and those involved in  disciplinary studies concerning mesoscale 
characteristics of the wind flow in the troposphere and lower stratosphere. 
Accordingly, the three appendices of this report have been prepared to provide 
both groups with pertinent data records applicable to their respective interests 
and interface areas of concern. In addition, the report will provide some dis
cussion of the data sets to bring the reader's attention to various characteristics 
of the wind profile structure and associated data in  the appendices. 

1. Engineering. Although these unique data sets  contain a wealth of 
information applicable to a number of disciplinary investigations, the original 
use for which these data were acquired, and the use for which they continue to 
provide important inputs, is in the aerospace vehicle engineering area. A l l  
near vertically rising vehicles have one point in common: the susceptibility o r  
vulnerability of their structural and control systems to the wind profile charac
teristics through which they must perform. Therefore, their performance 
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under operational conditions is directly proportional to the design ability of the 
systems relative to the wind characteristics measured and specified for the 
vehicle development. 

A multitude of vehicle responses are  affected by the forces produced as 
a result of the wind profile. These a r e  especially critical during the higher 
dynamic pressure portion of the flight path or  trajectory. Furthermore, these 
responses are a function of trajectory shaping, control system gains, structural 
damping, vehicle configuration, operational characteristics, etc. In addition, 
the wind flow within the troposphere and stratosphere (the major area of concern 
to the design of an aerospace vehicle) is such that no two wind profile measure
ments are exactly alike. The wind flow is a highly variable environment in space 
and time. A s  a result of these two situations, it is essentially impossible to 
develop either a single vehicle analytical model from which all wind response 
related design calculations can be accomplished o r  a single wind profile model 
from which all wind input characteristics related to design calculations can be 
obtained to insure operational integrity. 

One important purpose of this report, from an engineering viewpoint, is 
the desire on the part of the authors to provide those engineers concerned with 
wind inputs a selected set of accurate wind profile measurements from which 
they can gain an appreciatbn of the behavior of the wind structure through which 
the vehicles they are designing must perform. This appreciation of the wind 
behavior cannot be obtained from wind models ordinarily used with analytical 
vehicle design models. Accordingly, the engineering oriented investigator will  
find Appendix A,  Cape Canaveral and Point Mugu sequential wind speed and 
direction plots, of primary interest. However, the reader is cautioned to 
remember that the data sets  provided do not constitute a valid statistical sample 
from the viewpoint of representativeness of all possible wind shear, gust, and 
profile characteristics. Additional efforts are being made to acquire a larger  
data sample. 

2. Disciplinary. Investigations regarding wave structure, propagation 
within the atmosphere, and influence of the waves on the wind flow characteristics 
are a prime area which can benefit from these data sets. Studies of the behavior 
of the mesoscale features versus the turbulent and larger scale flow character 
as a function of altitude and time is another obvious area of application. The 
search for triggering mechanisms which produce the various mesoscale features 
and the role of these features in, perhaps, triggering other atmospheric processes 
is another research area to which the data sets can be applied. Comparative 
analyses of wind profile features, their change with time, and association with 
other observable atmospheric processes as revealed by rawinsonde and satellite 
observations and synoptic map analyses is an area of potential research value. 
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It is with these and other considerations in  mind that the authors have 
provided Appendices B and C. Appendix B contains plots of the available tem
perature profiles acquired by rawinsonde measurements during the period when 
the sequential Jimsphere wind profile measurements were made. Appendix C 
provides copies of the surface synoptic charts and 200 mb charts during the 
same time periods. 

C. Measurement System and Data Reduction 

The measurement system consists of a 2 m diameter, 0.5 mil mylar 
(aluminized) , constant-volume balloon. The balloon itself weighs approximately 
400 gm and contains 398 conical protrusions, equally distributed over the sur
face, each of which is 7.5 cm in base diameter and 8 cm in height (Fig. 1). 
A valve in the balloon maintains in excess of 5 mb overpressure. The tracking 
radar  is an AN/FPS-16 o r  equivalent high-precision radar system and provides 
space position (range, azimuth, and elevation) data each 0.1 s of flight for the 
Jimsphere balloon, which r ises  at a rate of approximately 300 m/min with a 
floating altitude near 18 km. The radar  tracking accuracy (RMS) is 4.6 m in 
range and 0.01 deg in  angular measurement (azimuth and elevation angle). 
The scheme as utilized in  acquisition of data for prelaunch monitorship of 
aerospace vehicle launches is illustrated in  Figure 2. 

Figure 1. The Jimsphere balloon configuration. (Note the 
conical roughness elements. ) 
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Figure 2. Operation of the FPS-16 radar/Jimsphere system. 
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Data reduction is accomplished by a smoothing routine over the position 
data to eliminate spurious tracking er rors .  The smoothing routine is applied to 
the reduced X, Y, and Z position data over a 25 m interval. The resulting data 
a r e  differenced over 50 m intervals to produce wind profile data points. Figure 
3 provides an e r r o r  analysis result which illustrates the accuracy of the wind 
profile data points. Figure 4 provides a plot which demonstrates the relative 
frequency resolution in  the Jimsphere relative to that of the conventional rawin
sonde wind profile measurement system. 

A multitude of studies and reports have been prepared concerning the 
Jimsphere-radar measurement system, data reduction scheme, system per
formance, and Jimsphere performance and design. The reader is invited to 
consult the bibliography for appropriate reports o r  articles on this subject. 

In summary, the Jimsphere-radar system provides a wind profile 
measurement from the surface to an altitude of 18 km in slightly less  than 1h 
with a vertical spatial frequency resolution of 1cycle/100 m and an RMS e r r o r  
of approximately 0.5 m/s  or  less for  wind velocities averaged over 50 m inter
vals. This provides better than an order-of-magnitude accuracy improvement 
over the conventional rawinsonde wind profile measuring system. 

1 1 .  DATA DESCRI PTION 

A. Specific Cha racter istics 

The most significant features of the wind profile a r e  wind speed and 
direction fluctuations which persist, often throughout the whole series,  at 
approximately the same altitude. One way of viewing the nature and charac
teristics of these fluctuations is by considering perturbations about a mean wind 
profile which should remain constant - o r  nearly constant - throughout the 
period of observation. Even a brief review of the profiles given in Appendix A 
reveals the various scales of perturbations that may exist in the atmosphere and 
their persistence o r  lack of persistence. Specifically, the following categories 
of wind speed perturbations may be recognized: 

1) Large-scale (jet stream) perturbations having a vertical wavelength 
generally greater than approximately 5 km and an amplitude greater than 20 m/s 
and usually persisting unchanged throughout the series. The sequential ser ies  
No. 8 is a good example which shows this macroscale feature. 
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NOTE:  	 R represents the fraction of amplitude of wind 
variation included in rawinsonde measurements 
as function of wavelength. 
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Figure 4. Approximate response function for rawinsonde (GMD-1B) 
system based on standard rawinsonde reduction techniques. 

2) Mesoscale perturbations having a vertical wavelength from approxi
mately 0.2 to 2 km and an amplitude up to approximately 15 m/s. Individual 
wind speed maximums from these perturbations persist  from several hours to a 
time period longer than that over which the sequential measurements were taken. 
Often the amplitude and occasionally the vertical wavelength of the perturbations 
change considerably from one profile to the next so that successive perturbations 
are not exact replicas of each other yet can still be identified as the same feature 
rather easily. The sequential profile set  No. 23 is an excellent example of this 
feature. 

3) Small-scale (turbulence) perturbations having a vertical wavelength 
less than approximately 500 m and an amplitude up to approximately 6 m/s. 
These oscillations differ from the small mesoscale features principally because 
of their highly transient nature. They are common perturbations on a given 
profile but lack continuity in time. The profiles given in series No. 47 demon
strate these turbulent (microscale) perturbations. 

Several examples of specific profiles may help in developing a frame of 
reference for the specific wind profile features such as (1) jet stream winds and 
associated wind shear, (2)  sinusoidal variation in  wind with altitude, (3) high 
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winds over a broad altitude range, (4) light winds throughout the troposphere, 
and (5) discrete gusts. Jet stream winds (Fig. 5) are quite common during 
the winter months and can reach magnitudes in  excess of 100 m/s. These winds 
often occur over a limited altitude range and produce large wind shears over 
several kilometers. Directional variations in  the profile are usually at a 
minimum. Figure 6 depicts a wind profile with sinusoidal behavior. These 
sinusoidal features vary in  amplitude, wavelength, and cycles. They are  
especially noticeable in  the portion of the wind profile measurement that extends 
into the relatively stable layered structure of the stratosphere where the per
sistence of buoyancy o r  internal gravity waves is most evident. Figure 7 is an 
excellent example of high winds over a large altitude range. Notice that the 
wind speeds exceeded 50 m/s for over 10 km in altitude. Figure 8 shows a wind 
profile with speeds less  than 15 m/s and is typical of the summer season. 
Figure 9 shows two examples of single discrete mesoscale gust features that 
may occur at any altitude and speed of the wind profile. 

Although three categories of wind speed perturbations were identified 
earlier in  this section, it should be noted that a spectra study based on a sample 
of profiles did not show any preferred frequencies that correspond to the 
terminology 'large-scale, " "mesoscale, " o r  "small-scale." There appears to 
be no clear-cut, natural separation between the different scales of motion. 
Instead, as far as spectrum shape is concerned, divisions between scales o r  
categories may be selected on an arbitrary basis. The mesoscale category of 
wind speed perturbation has a significant interest to both engineering and dis
ciplinary studies. Figure 10 provides an example of some common changes in 
mesoscale perturbations. 

6. Discussion 

1. Engineering Application. The various features of the wind profiles 
and their behavior as a function of time and altitude are  of considerable impor
tance in the design and operation of aerospace vehicles. The recent advent of 
high-rate-of-climb aircraft adds another vehicle to the existing important class 
of vertically rising rockets and space vehicles. The influence of low frequency 
o r  mean wind profile features can often be accommodated by wind biasing o r  
trajectory shaping techniques. Conceptually, this can be employed on relatively 
short time notice prior to actual flight. At least in  theory this could eliminate a 
considerable portion of the forcing function created on the structural and control 
system due to this category of wind speed perturbation where demanded by a 
particular vehicle's development limitations and operational requirements. 
However, the two other categories of the wind profile perturbations must be 
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Figure 9. Examples of discrete gusts. 

accounted for within the design of the vehicle system o r  avoided if possible during 
operations. There is no way to avoid the small-scale o r  turbulent category of the 
wind profile; therefore, it must be incorporated into the design at a minimum 
risk level and allowed for in any prelaunch monitorship simulation since it cannot 
be predicted in a deterministic manner for expected launch inflight winds. This 
leaves the mesoscale category of wind profile features. It is this category that 
contains the frequencies of most concern to structural and control system 
responses. 

A number of attempts have been made to represent the mesoscale cate
gory of the wind profile in a suitable form for use i n  vehicle engineering studies. 
Most attempts have resulted in descriptions that could be used f o r  specific 
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applications, but, to date, no universal representation has been formulated. 
Discrete and continuous mesoscale wind structure representations have been 
given. The discrete representations take the form of relatively well-defined, 
sharp-edged, and repeated sinusoidal characteristics. Sharp-edge discrete 
mesoscale features represented by a quasi-square wave with an amplitude of 
approximately 9 m/s is one representation. These a re  often referred to as 
embedded jets o r  singularities in  the vehicle wind profile and may be observed 
to develop and persist  i n  the sequential profile measurements given in  Appendix 
A. Figure 9 gives excellent examples of this discrete feature in  the wind profile. 
Another form of discrete mesoscale features that has been observed is approxi
mately sinusoidal in  nature. An analysis concentrating on this feature resulted 
in  the data given in  Figure 11. This figure illustrates the approximate number 
and amplitude of consecutive sinusoidal-type features that may occur for aero
space vehicle engineering analysis purposes. It is very important to recognize 
that oscillations in  the vertical wind profile structure having a pure sinusoidal 
representation a re  rarely, i f  ever, observed in  nature. 
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The continuous mesoscale feature representations take the form of 
spectra. In general, the smaller-scale motions associated with vertical detailed 
wind profiles are  characterized by a superposition of discrete gusts and many 
random frequency components., Spectral methods have been employed to specify 
the characteristics of this superposition. Spectra have been computed, and 
Figure 12 provides one result from this analysis, applicable to the 4 to 16 km 
altitude range. It has been shown that the energy of the small-scale motions is 
not vertically homogeneous and may be larger than shown for limited altitude 
intervals and frequency bands. 
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Figure 12. Spectra of detailed wind profiles. 
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U s e  of continuous o r  power spectrum methods in dynamic response cal
culations was an important step forward over the existing discrete gust method 
because it took account of the correct variation of energy with wavelength. 
However, by incorporating the variation of intensity with gradient distance in 
the discrete gust method, one can equally include the correct scaling with 
respect to wavelength. The power spectrum model is concerned with average 
energy in  relatively long patches of wind perturbations and its distribution with 
wavelength. The discrete gust method is concerned with large local energy 
concentrations as represented by a localized gradient in  the spatial distribution 
of the wind perturbation. In any particular engineering design situation the 
choice of an appropriate wind perturbation model will depend upon the applica
tion. In the case of aircraft, for example, the discrete gust method is well 
suited to treatment of rigid body modes relevant to assessment of control and 
handling qualities, since these modes need to be well damped. The power 
spectrum method, however, is appropriate in the case of loads at points in  the 
structure where the dominant response is from a lightly damped structural 
mode. 

The mesoscale perturbations shown by the sequential wind profile 
measurements in this report are of a frequency that affects the performance and 
response of vertically rising aerospace vehicles. It is important that they be 
included i n  the design and that the vehicle be capable of performing under their 
influence. It is also important to anticipate for major launch operations the 
magnitude and characteristics of such oscillations, at least within the range of 
wavelengths which might trigger response frequencies in  the rising vehicle. 
This would call for highly sophisticated forecasting procedures which, without 
knowledge of the physical nature of these oscillations, would have to be based 
entirely on statistical findings. A large data base would be required. Even 
though some of the observed oscillations persist for several hours, we do not 
yet know what causes their appearance o r  disappearance in  any specific sequence 
of measurements, nor what maintains them while they are observed. Therefore, 
based upon the available data analyses and evidence of physical processes 
responsible for the observed oscillations, only short-term forecasts, not to 
exceed 1to 3 h, could be issued. From a single sounding there is no indication 
available on what possible development the measured mesoscale perturbations 
might undergo. This is readily evident by observing the behavior of the 
sequential data sets provided in Appendix A. 

2. Disciplinary Application. The observed mesoscale oscillations must 
be associated with ageostrophic flow, since the observed detailed shears cannot 
be accounted for quantitatively by the thermal wind equation through the levels i n  
question. The limitations of the measurements due to (a) single site representa
tions, (b) lack of comparable high-resolution temperature profile data, and 
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( c )  the fact that they a re  i n  a quasi-Eulerian coordinate system make model 
development o r  verifications tentative. The apparent simplicity of the flows at 
the stable levels of the atmosphere, as is especially evident i n  the stratosphere 
portion of profile measurements, suggests the dominant influence of buoyancy 
o r  internal gravity waves. Within the troposphere the complex flow structure 
and evident interactions due to convective activity make identification of sources 
for the mesoscale features difficult and cause a relatively high degree of varia
tion in  persistence, development, and decoy. A brief study based on comparative 
(time -wise) lower resolution radiosonde temperature profile data indicates that 
the mesoscale features exhibit identifiable and persistent characteristics when 
stable layers exist. The spectra of deviations between successive profiles were 
very similar for several sequences studied in'depth. This indicates, but not 
conclusively, that seasonal and synoptic influences may not be large. A com
parison of the rate-of-rise profiles indicates some correlation between this 
maxima and minima and the horizontal speed and direction perturbations. Also, 
the strongest speed shears  in  individual cases typically occur in  o r  near stable 
layers. The mesoscale features for  the wind profiles measured at Point Mugu, 
California, and Cape Canaveral, Florida, display s imilar  characteristics. The 
data presented in  Appendices B and C are  intended to provide the potential 
investigator with an opportunity to study, at least qualitatively, the available 
time-correlated temperature profile structure, associated surface synoptic, and 
200 mb conditions. It is obvious from a disciplinary viewpoint that knowledge 
of what physical cause results in  the triggering of these distinctive mesoscale 
features, what promotes their subsequent behavior and eventual dissipation, and 
whether these features, in  turn, trigger more significant synoptic-scale 
phenomena are  important links in  understanding the atmosphere and predicting 
its future. 

Some preliminary studies have been sponsored and consideration given 
toward developing a better understanding of the observed mesoscale features as 
revealed by the Jimsphere-radar system. Earl ier  studies by investigators using 
carefully measured rawinsonde, etc. , profiles and optimum data handling and 
reduction techniques have noted the existence of an organized mesoscale struc
ture in  the tropospheric and stratospheric flow. The existence of laminar 
structures o r  layers over .relatively large horizontal areas (but limited in  
altitude) has also been noted. More recently, remote sensing using radar-
acoustic and l a se r  techniques has also produced s imilar  observational conclu
sions about the troposphere. The reader may consult the bibliography for 
references applicable to these and other studies. 
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A s  with all free atmosphere measurement programs, the data acquired, 
while perhaps providing an answer to the immediate question of concern, fre
quently raise additional questions for which the data do not allow a decisive 
choice of an answer. This program is certainly not unique in that respect. 

Three mesoscale circulation models have been suggested to explain the 
observations. The models are: 

a) Quasi-horizontal stacked layers of alternating inertial oscillations 

b) Phase differences in  stationary inte rnal gravity-type waves contained 
within stacked layers 

c) Paired longitudinal vortices (helicane) . 
The available data appear to reflect attributes of each model, but do not provide 
one with an absolute choice as to which, i f  any, is the correct one to explain the 
observed perturbations. Further study of these data may well produce added 
insight. Future mesoscale measurement programs should certainly be designed 
with the goal of producing adequate data to permit a physical understanding of 
these mesoscale features. 

I1 1 .  DESCRIPTION OF CORRELATIVE 
METEOROLOG ICAL DATA 

A. Introduction 

This section presents some observations and comments concerning the 
Jimsphere sequential wind profiles of Appendix A with respect to the associated 
temperature profiles and synoptic weather charts of Appendices B and C, 
respectively. Because this report presents all the associative material under 
one cover, it gives the disciplinarian reader most of the tools needed for further 
wave studies. No in-depth statistical correlation studies were done on the 
sequential series presented i n  this report. A s  the title of this section indicates, 
only a cursory examination of the profile sequences was made, and any dis
tinguishing profile features or  appropriate comments were  subjectively noted. 
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B. Data Used 

The data presented in  Appendices A, By and C were obtained from 
different sources. The sequential Jimsphere wind speed/direction vertical 
profiles as presented i n  Appendix A for  Cape Canaveral, Florida,and Point 
Mugu, California, were  obtained from magnetic tapes that contain data for all 
Marshall Space Flight Center Jimspheres released at both sites. The magnetic 
tapes were  processed on a Hewlett-Packard 21MX computer, and all sequential 
wind profiles were  plotted on the auxiliary HP7210A plotter. Initially, there 
were 87 sequential ?Jimsphere sounding sets for Cape Canaveral and 31 sets for 
Point Mugu. These amounts were reduced to 70 and 24 sets,’ respectively, 
because sets were eliminated i f  sequences contained incomplete profiles or  i f  
the sequence time interval between soundings was longer than 3 h. The sequen
tial wind profiles were subjected to a standard 6 point smoothing program, and 
a filtering (edit) program was  also applied to detect and eliminate any s t ray 
inaccurate data points. 

The temperature profiles contained in Appendix B for Cape Canaveral 
and Point Mugu were constructed from mandatory and significant level radio
sonde data obtained from the NOAA National Climatic Center in Asheville, 
North Carolina. Because the Point Mugu data contained only mandatory level 
information, the associative complete Vandenberg AFB , California, radiosonde 
temperature data are also included in Appendix B. Vandenberg AFB is also a 
California Pacific Ocean coastal site, located approximately 145 km (90 mi) 
northwest of Point Mugu. Totals of 49 and 17 temperature profile cases are 
presented for Cape Canaveral and Point Mugu, respectively, only for sequential 
cases in  which 5 or  more wind profiles were taken during the sequential observ
ing period. 

The surface and 200 mb synoptic maps, as presented in  Appendix C y  were 
also prepared by the NOAA National Climatic Center for the same criteria as 
used with the previously mentioned temperature profiles. Note that after the 
April 19, 1977,sequential Jimsphere series, the 200 mb maps are presented in  
a smaller, less detailed format. The 200 mb map is presented here as a 
representation of the upper air flow patterns at approximately 1 2  000 my near 
the region of profile maximum wind speed. 

1. 	 These sequential sets were initially published for internal use at the Marshall 
Space Flight Center [see Johnson and Alexander (1976a and 197613) 1. 
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The appendices give the basic information needed by the disciplinarian 
reader. That is, the Jimsphere wind profiles as well as the associative tem
perature profiles and upper-air and surface synoptic maps are presented. 
Meteorological satellite cloud photographs taken during the sequential periods 
were not received in time for inclusion in this report. 

C. Sequential Number ing  System Used 

The wind profile sequence numbering system used in this report (Appen
dices A ,  B, and C) presents the 70 Cape Canaveral sequential series experi
ments as numbers 1 through 70, while the 24 Point Mugu sequential experiments 
are numbered 101 through 124. Vandenberg AFB temperature profiles (Appen
d ixB)  are also numbered 101 through 124. These 94 Jimsphere profile sequences 
were  numbered i n  this manner to prevent any misunderstanding as to the sequence 
number being discussed. The appropriate figures (with sequence numbers) 
should be consulted in the appendices as the selected sequences are discussed. 

D. Observational Analys is  

This section presents a general observational evaluation that deals with 
all profile sequences; no in-depth study was  done on individual sequences and 
their supporting data. This task is left to future studies/investigations. 

It was noticed that at times certain sequential profiles displayed two 
differing sets of wind speed conditions aloft. It appeared as i f  a standing wave 
pattern of one frequency was  above one of a greater frequency. This condition 
w a s  observed 24 times, to differing degrees, throughout the sequential series. 
Of the 24 times this condition was  observed, 19 (o r  79 percent) were  directly 
related to the height of the tropopause (o r  level of upper-air temperature profile 
inversion base). Some profile examples which show this type of structure are 
No. 23 for the Cape Canaveral area and No. 107 for the Point Mugu area. A 
complete listing of profile sequences which indicate this piggyback-type of 
correlative vertical wave structure, to differing degrees, is given in Table 2. 

1. Case Studies. 

a. Sequence No. 23. Large vertical wavelength oscillations on the 
order  of approximately 1 km were  noticed starting at the 12 to 13 km level and 
extending upwards to higher altitudes on the 12142 April 16, 1967, wind profile. 
Later  soundings indicated the level to be at approximately 13 km. Below this 
level, wavelengths on the order of 0.5 km o r  smaller were  observed. 
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TABLE 2. JIMSPHERE SEQUENTIAL SERIES WHICH EXHIBIT 

A DUAL-FREQUENCY STRUCTURE 


Tropopause/Inve rsion Level Profile/Inve rsion 
Sequence No. (kn-4 Level Correlation 

3 1 2  Yes 
6 NA No 
9 11 Yes 

17  11-12 Yes 
1 8  12-13 Yes 
22 12-13 Yes 
23 13 Yes 
25  13 Yes  
29 14  Yes 
32 1 4  Yes  
35 NA No 
49 NA No 
50 NA No 
51  1 5  Yes 
60 11-12 Yes 

103  10 Yes  
106 10 Yes 
107 9 Yes 
109 1 2  Yes 
111 1 2  Yes 
112 NA No 
113 10-11 Yes 
115  16 Yes 
116 1 2  Yes 

The temperature profiles for this period, as given in Appendix By 
indicate a 13 km inversion base on the 12002 April 16, 1967, profile while by 
12002 April 17, 1967, the first isothermal or  inversion begins at the 1 5  km 
level. The associated wind speed profile also indicates a breakdown of the two 
separate wave fields at 13 km by 07212.  The entire wind profile at this time 
appears chaotic except possibly above 15 km. This example may indicate how 
important the tropopause ( o r  any high-level temperature inversion, isothermal 
region, etc. ) may be in the establishment of standing wave patterns, o r  slowly 
moving gravity waves, on either side of it. This inversion level may be behaving 
as a reflective wall for different atmospheric waves, such as gravity waves, 
which are trapped and therefore oscillate between inversion levels. The reader 
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is referred to publications by Hines (1972) and Gossard and Hooke (1975) for 
an explanation of the generation and propagation of gravity waves in the atmo
sphere. Further power spectrum studies of the wind region above the tropo
pause as compared with the region below are needed. 

The argument is that wind profiles measured at high altitudes (12  to 
18 km) can be unreliable because of possible low elevation angles measured at 
the time the balloon reaches these upper altitudes. However, the fact that the 
detail observed in  the structure of the wind speed profiles is very repeatable 
for up to 12 to 24 h later is indeed a good indication that the wind features 
measured are actually there. Feature repeatability is an important charac
teristic when observing these highly detailed Jimsphere measured wind profile 
sequences. 

Wind directions for sequence No. 23 also indicate that the wind is not 
changing much in direction between 7 and 12 km, where a smooth profile is 
observed between these levels on the earlier soundings of sequence No. 23. 
By the time the last directional profile was  taken (0721Z) ,  the structure 
appears chaotic just as the associated speed plot did when the inversion moved 
up beyond the 15 km level. 

The synoptic situation at the surface f o r  ser ies  No. 23 can be seen i n  
Appendix C .  The Cape Canaveral area was under the influence of a high 
pressure system located out in the Atlantic, east of Cape Canaveral. The 
nearest low pressure a rea  was a storm system moving into the G r e a t  Lakes 
area. The 200 mb flow aloft shows a NNW flow changing to a N W  flow through
out the sequence. 

b. Sequence No. 107. An example of a Point Mugu sequence showing 
the dual wave structure is sequence No. 107, taken March 15-16, 1965. Here 
the wavelength amplitude above 8 to 8.5 km altitude appears larger than observed 
amplitudes below this level. Point Mugu temperature profiles were missing for 
this case, but the Vandenberg temperature structure does indicate the beginning 
of a temperature inversion at approximately 9 km on the Vandenberg OZ March 
16, 1965, sounding. A 200 mb trough aloft also existed over the area during the 
sequence. 

c. Sequence No. 109. Point Mugu sequence No. 109 indicates a 
small-frequency/low-amplitude wave pattern existing below 12 km altitude. 
Above this level a more chaotic, larger  frequency, larger amplitude wave struc
ture existed. The associated temperature profile, again, indicates a sharp 
temperature inversion present at 12 km altitude. This sharp feature is inherent 
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on both the Point Mugu and Vandenberg temperature profiles. The synoptic 
conditions show a surface trough through southern California on the 122 March 
16, 1970,surface chart, while a cold front is pushing into northern California 
by the 0 2  March 17, 1970, analysis, with no sign of the ear l ier  trough. The 
wind direction profiles for this sequence also show a less variable, smoother 
directional profile below 1 2  km altitude. 

d. Sequence No. 113. Sequence No. 113 at Point Mugu, taken during 
August 16-17, 1965,indicates a small temperature inversion at 11km on the 1 2 2  
August 16 sounding, which then drops to 10 km 12 h later (by 02 August 17).  
The tropopause inversion occurs above 15 km altitude. A small wind increase 
of approximately 10 m/s occurs at approximately 12 km altitude throughout the 
sequence. One feature of interest noticed is that the lull in  speed at the base of 
this wind increase area (at  approximately 11.5 km on the 16332 temperature 
profile) also appears to drop more than 1km during 10  h (to approximately 
10 km at 01292 August 17). The descent of this profile feature appears to be 
correlated with the drop of the temperature inversion level. Again, from 6 to 
approximately 10 km altitude there is a completely different wave structure 
from that noticed above the inversion o r  tropopause level. 

e. Sequence No. 103. Point Mugu sequence No. 103 is unique in 
that it contains many different features. The temperature inversion begins at 
approximately 11km on the 122 February 18, 1965, sounding. Vandenberg 
sounding data indicate a drop of the inversion base to approximately 9.5 km by 
02  February 19, 1965. There is almost a 1km drop (from 10  to 9.25 km) in  
the lull at the base of the strong wind shear layer. The obvious feature is the 
very strong wind increase (shear) area above 10 km altitude. An increase of 
more than 40 m/s/2 km is observed. Synoptically, a surface trough area from 
out of Mexico is progressing across southern California during the sequence. 
A t  200 mb there are very strong winds coming from out of the northwestern 
states. Again, the wave structure (in terms of wavelength and amplitude) above 
11km is different from that below this level, indicating a possible connection 
with the vertical temperature structure of the profile. 

f. Sequence No. 101. An interesting feature occurred during Point 
Mugu sequence No. 101 on January 18-19, 1965. The wind speed lull (at 
approximately 10 km) and peak (at approximately 8.5 km) features on the 
17562 January 18, 1965, profile drop vertically more than 2 km (to 6.5 and 
6 km, respectively) during this sequential series ending at 05262 January 19, 
1965. A vertical drop rate of 0.3 and 0.2 km/h existed, with the lull feature 
apparently moving faster than the peak. Vandenberg temperature data also 
indicated decreases in the level of two temperature inversions which are 
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apparently correlated with these wind features. Two small inversions w e r e  
located at approximately 7.5 and 6 km altitude on the OZ January 19, 1965, 
temperature profile. A t  this same time, the lull and peak in the wind speed 
profile, as mentioned earlier, were  located approximately between 7 and 8 km 
for the lull and between 6 and 7 km for  the peak. By 1 2 2  January 19, 1965, the 
temperature profile shows the two inversions almost together, with the upper 
inversion base at approximately 5.5 km and the lower inversion base at 5 km. 
The vertical drop rates over these 12 h for the upper and lower inversions are 
0.2 and 0.1 km/h, respectively. During this 12 h radiosonde period, the wind 
speed profile features also dropped. Values of 0.2 and 0 .1  km/h are realistic 
for wind feature vertical drop ratss from OZ January 19 on. Therefore, the 
levels of wind speed features (lull and peak) do drop in  altitude/time corre
sponding to the temperature inversion drop. Also, the wind speed features 
aloft (or  inversions aloft) descend faster than lower ones. The synoptic situa
tion throughout the sequence indicates a weak surface level trough through 
southern California from out of Mexico and a Pacific frontal system working its 
way toward the north California coast, arriving by 1 2 2  January 19, 1965. 
Incidentally, the Jimsphere measured wind profile peak (at  approximately 12 km) 
decreased in magnitude by approximately 12  m/s (from 38 to 26 m/s) through
out the sequence. 

g. Sequence No. 28. This Cape Canaveral sequence indicates a 
sudden increase in wind speed of approximately 15 m/s (from 25 to 40 m/s) at 
approximately 13 km altitude. This peak speed developed sometime after the 
04402 May 30,1966, Jimsphere measurement. Even though a strong tempera
ture inversion (stable layer) existed at 02 May 30, 1966, which diminished to 
a near isothermal layer by 1 2 2  May 30, 1966, it is believed that this sudden 
increase in speed is probably due to the meandering of the jet stream flow 
shown in southern Florida on the 200 mb maps of Appendix C. 

h. Sequence No. 17. The Cape Canaveral March 3, 1969, sequential 
series No. 1 7  probably offers the most correlative type comments. The five 
wind profiles span slightly more than 10 h, from 02252 to 12452. The most 
dramatic event noted is the sudden increase in wind speed at approximately 
11km altitude between the 02252 and 04462 profiles. Within this 2 h 20 min 
time interval the winds increased approximately 20 m/s (from 50 to 70 m/s) 
at this level. A total increase of 25 m/s is also seen by the 07012 profile. 
This strong peak wind also produced a strong wind shear in  excess of 20 m/s/km 
(> 0.02 s-l) during the sequence. Winds w e r e  also strong prior to the 02252 

2. 	 This sequence was taken just prior to the launch of Apollo 9 (AS-504) at 
16002 on March 3, 1969. The wind conditions during this launch were the 
most extreme, in  terms of speed (76.2 m/s)  and 1km wind shear in the 
max Q region (0.0248 pitch and 0.0254 yaw shear) ,  experienced during the 
launch of any Saturn, Saturn IB, o r  Saturn V vehicle [see Johnson (1973) 1 .  
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release; rawinsonde balloon measurements taken at 16102 and 18122 on March 
2, 1969,indicate peak winds of 75 m/s (at 10.75 km) and 76 m/s (at 10.50 km). 
However, the March 3 rawinsonde release of 02402, taken 15 min after the 
calmer 02252 Jimsphere profile, indicated a smaller magnitude peak wind of 
65 m/s (at 11.50 km) . Therefore, it is believed that the lull  experienced at 
02252 was there and was being replaced by stronger winds even within 15 min 
of its measurement. The 200 mb isotach analysis on the 0 2  March 3, 1969, map 
does indicate a zone of >120 kn (>62 m/s) winds hear  Cape Canaveral at this 
time. Immediately west  of this isotach area can be seen a region of calmer 
winds over the eastern Gulf of Mexico, probably due to the meandering jet 
stream. It is possible that this lull area affected the Cape Canaveral upper 
winds by 02252, resulting in the approximately 50 m/s peak winds. The 200 mb 
analysis chart of 122 March 3, 1969,did not have an isotach analysis; therefore, 
it was  not possible to check the Gulf and Florida wind conditions at this la ter  
time to see i f  stronger winds were again over east-central Florida. 

The features on these five wind speed profiles do indicate a slight upward 
movement (at a rate of approximately 0.09 km/h) of most features above 10 km 
altitude. A strong temperature base is located at 11km altitude on the 0 2  
March 3, 1969, temperature sounding. Twelve hours later ( l2Z) the inversion 
base was  located at approximately 12 km altitude. This 0.08 km/h upward rate 
corresponds closely to the feature movement rate as stated previously. Large 
amplitude wavelengths, approximately 2 km and greater, in the wind speed 
profile above the inversion level w e r e  se t  up, suggesting the presence of gravity 
waves. Much smaller wavelength patterns are indicated at altitudes below the 
inversion. Wave activity is also prevalent in the wind direction plots above the 
11to 12 km inversion base. The last three directional plots do indicate two 
wave peaks just above 12 and 14 km on the 07012 plot. Again, the peaks are 
approximately 2 km apart and do ascend in altitude as did their counterpart 
speed plot features. 

The question that now arises is whether the wave-type features noted in 
both the speed and directional plots are caused by waves moving upward o r  
whether they are established standing wave patterns that ascend vertically as 
the inversion base/tropopause ascends. It is believed that in this case the 
features are indeed tied to the upward movement of the temperature inversions. 
This can be seen, to a small degree, in the 200 mb maps for this day. The 122 
March 3, 1969,200 mb map does indeed indicate slightly higher contour (iso
height) lines throughout Florida than does the 0 2  200 mb map of 12 h earlier. 
Therefore, it is believed that the general large-scale circulation pattern did 
influence the movement of the wind profile features in  this case. 
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The microbarograph trace for March 3, 1969,indicates pressure oscilla
tions possibly due to the passage of wave activity. These oscillations begin at 
approximately 1 : O O  a. m. LST (06002) March 3, 1969, and extend throughout the 
remainder of the day. In the early morning hours the wave frequency of these 
pressure oscillations varied between 0 . 5  and 0.7 cycles/h. This pressure trace 
was the only one of all the Cape Canaveral sequential series in which oscilla
tions of this type were noted. This indicates that the pressure fluctuations could 
have been so large that they even appeared clearly on this standard micro-
barograph instrument on which pen-drag is generally a factor in  suppressing 
fluctuations of this type. Figure 13 presents this Cape Canaveral pressure 
chart. 

Figure 13. Cape Canaveral, Florida, microbarograph 
trace during March 2-3, 1969. 
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The synoptic surface conditions show that a cold front, from out of a 
low-pressure area located i n  South Carolina, passed through the Cape Canaveral 
area sometime after 122 on March 1, 1969. High pressure is shown pushing 
over the southeastern United States from the 122 March 2 through the 0 2  March 
3 surface maps. The 122 March 3 map indicates a changing situation. A 
stationary front with a low-pressure area along it was located i n  the eastern 
Gulf of Mexico, with frontogenesis occurring between Florida and Cuba. This 
situation produced rain shower activity over the southern tip of Florida by this 
map time. Between 1 2 2  March 3 and 1 2 2  March 4, this low-pressure area 
developed into a tight cyclonic warm-cold frontal system, moved across 
southern Florida, and located itself N-S in the Atlantic Ocean approximately 
550 km (300 n.mi.) east  of Florida. This left Florida under the influence of 
high pressure. Most all of Florida, consequently, received rainfall, amounting 
to over 1.27 cm (0.5 in. ) in  certain areas, from storm activity. It is thought 
that the inferred gravity wave activity for  March 3 could have been triggered by 
the passage of this s torm system. 

i. Sequence No. 13, It should be mentioned that the directional plots 
for the February 11, 1969, ser ies  indicate a rising feature, initially just l ess  
than 12 km, together with a descending feature just above 5 km altitude. It 
appears as if  a disturbance was  generated at approximately 9 km, with propaga
tion being measured vertically in both directions. This peculiar activity can 
also be seen in  the wind speed profile plots at approximately the same altitudes. 
Notice the ascending wind speed peak located just below 1 2  km near the strong 
wind shear area. Likewise, note the descending peak speed bulge at approxi
mately 5 km on the 03002 profile. Both speed and directional features appear 
to have a vertical propagation rate of 2 7 0  m/h 

Over central Florida the 200 mb map shows contour heights dropping 
from 12 120 m to 12  000 m between 0 2  and 1 2 2  ( a  10 m/h rate of drop). 
Likewise, the 500 mb map contours indicate a drop from 5720 to 5690 m between 
1 2 2  February 10 and 1 2 2  February 11 ( a  1 . 3  m/h rate of drop). It is therefore 
believed that the local profile vertical movements are not connected with the 
general large-scale circulation pattern throughout this sequence , since the rates 
a re  completely different and the direction of feature movement upward is 
completely opposite that of the downward movement of the contour height 
pattern at approximately 1 2  km altitude. Therefore, it appears that in this case 
wave activity is probably present which may be causing the wind profile features 
to move differently from what, the general circulation dictates. 

j. Sequence No. 18. Cape Canaveral series No. 18 indicates a good 
change in wavelength/amplitude above 12 to 13 km altitude in the wind speed 
profiles. This also can be seen to a lesser  degree in the directional plots. In 
the April 13, 1965, case the temperature profile for 122 indicates a very small 
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temperature inversion base at approximately 13 km, with the main tropopause 
at approximately 17 lan. This small inversion is still present at 13 km on the 
02  April 14, 1965, sounding as well. The surface synoptic situation reveals a 
dry  cold frontal passage during the sequence. The 122 April 13, 1965, map 
indicates the E-W oriented cold front location to be i n  southern Georgia near 
the Florida state line. By OZ April 14, 1965,it had moved through the Cape 
Canaveral area and was located halfway between Cape Canaveral and Miami. 
Could this frontal passage have been a trigger mechanism for wave propagation 
as revealed above 13 km altitude during this sequence ? 

k. Sequence No. 25. The April 4, 1968, series No. 25 also indicates 
a more wavy wind speed profile above 13 km than below it. This is evident to a 
lesser degree in the directional profiles. Once again, the temperature structure 
indicates the tropopause (isothermal conditions) starting at 13 km, which 
correlates well with the wavy wind speed profile above this level. On April 3 
a stationary front was located E-W along the Georgia-Florida border. The 
synoptic surface maps for April 4 indicate this frontal activity being further 
north, leading out of an intense low-pressure system centered in Iowa and 
moving across the east-central part of the country, producing much shower/ 
thunderstorm activity. Could this system be triggering the waves measured 
above 13 km at Cape Canaveral? 

1. Sequence No. 30. The Cape Canaveral temperature structure 
observed during sequence No. 30 shows an inversion base at approximately 11km 
altitude (the tropopause being located much higher) on the OZ May 5, 1969, 
sounding. This inversion is shown to have dropped to between 9 and 10  km by 
1 2 2  on the same day. This correlates well with the general dropping of the 
higher wind speed area as shown in  the associative speed plots. The base 
altitude of the wind speed bulge on the 23462 May 4, 1969, speed plot is located 
at 11 km, and this level also drops to slightly less  than 10 km by the 13392 
May 5 wind speed profile. The May 5, 1969,200 mb level maps do not show any 
drastic changes in the general flow patterns at this level (approximately 12 180 m) 
between 0 2  and 122.  This may imply that this dropping characteristic is too fine 
a feature to be shown on these larger-scale 200 mb maps. The 200 mb maps do, 
however, indicate the end of a peak wind (isotach) line near the Cape Canaveral 
area at O Z ,  while undoubtedly lesser winds would prevail at 122.  This is shown 
to occur i n  the wind speed plots where 45 m/s peak speeds at 23452 do decrease 
in  intensity to 25 m/s peak by 10492. 

m. Sequence No. 36. Cape Canaveral sequence No. 36, taken July 
2, 1965, indicates a very wavy structure in the vertical (from the ground up 
through 16 km) of approximately 2 km wavelength, with the tropopause being 
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located above 15 km altitude. This sequence was taken while a cold front was  
pushing south through northern Florida, becoming stationary across central 
Florida on July 3 and then dissipating. 

n. Sequence No. 60. The November 10, 1965,Cape Canaveral 
sequence No. 60, again, shows good correlation between the inversion height 
and the wind speed structure about this level; Wavelengths of 1.5 to 2 km exist 
above the 12 km tropospheric inversion height, with much smaller wavelengths 
below. The synoptic conditions during this time indicate a surface cold front 
moving south and becoming stationary over northern Florida. The 200 mb 
pattern shows generally zonal flow at this level, with bands of very strong 
winds blowing over Florida. 

0. Sequence No. 63. The November 9, 1967,Cape Canaveral direc
tional plots indicate a northerly bulge appearing at approximately 5 km altitude. 
The wind direction at this level switched from westerly through the north to 
northeasterly throughout the sequence. Two small temperature inversions also 
existed, at 2 to 3 km and 5 to 6 km altitude, on either side of this directional 
bulge. The synoptic surface and 200 mb maps do not show any significant 
changes during this period. However, the 500 mb map on OZ November 8, 1967, 
does show westerly flow, while the OZ November 9 map indicates northwesterly 
flow due to a trough aloft passing between map times, with Cape Canaveral being 
wes t  of the trough line on the later map. 

Other variations which occur with the wind speed profiles, in addition to 
those mentioned previously, a re  listed in  Table 3. 

2. Sequence Summary. Table 4 gives a summary of all pertinent wind 
profile features and supplemental information. This includes a summary of 
profile features, synoptic conditions, temperature inversions, and changes in 
wind conditions observed for  Cape Canaveral and Point Mugu. Although it may 
not be the most complete or  accurate correlative listing of all measurable data 
assembled during these sequences, it should help the investigator who studies 
them. The purpose of this section has been not to explain all features present 
on the profiles but to observe the profiles and bring some of these features to 
the reader's attention. It should be remembered that these observational 
comments are preliminary, quick-look, subjective, and sometimes speculative 
in nature. 
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TABLE 3. WIND FEATURES OBSERVED IN SEQUENTIAL 

JIMSPHERE PROFILE SETS 


Sequence No. Date 

5 1/20-21/69 

8 2/7/66 

9 2/25 -26/66 

16  3/28-29/66 

17  3/3/69 

19  4/4/66 

28 5/29 -30 /6 6 

55 10/19-20/65 

62 11/4/67 

106 3/2- 3/6 5 

111 5/12 -13/6 9 

112 6/1/65 

1 2 1  10/4-5/67 

123  12/2 1/6 5 

Wind Speed (WS) Variations 

A discrete gust develops at 
approximately 11km during 
sequence 

High WS region exists over a 
large altitude interval 

Double WS peak observed 

Two WS peaks develop into one 
peak 

WS increases over a large altitude 
region 

Sharp WS peak develops 

Sharp WS peak develops 

One WS peak develops 

High WS region exists over a 
large altitude interval 

Double WS peak develops 

One broad WS peak develops 

WS peak intensifies 

WS peak intensifies and broadens 
vertically 

Strong double WS peak that 
deintensifies into smaller single 
peak 
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TABLE 4. KENNEDY SPACE CENTER AND POINT MUGU 
JIMSPHERE SEQUENCE CORRELATIVE SUMMARY 

~~ 

Atmospheric Event Present 

1. 	 Wind profile features rise 
with timea 

2. 	 Wind profile features fall 
with timea 

3. 	 Nonideal synoptic conditions 
(fronts, troughs, hurricanes, 
etc. near) 

4. Temperature inversions 

5. Change in WS i n  time 

6. 	 Strong' wind shear existing or  
developing 

7. 	 Two different wave frequencies 
noticed in wind profile and 
temperature corre1ated 

8. 	 No. 7 sequences which do not 
correlate with the height of the 
tropopause /inve rsion base 

9. Microbarograph oscillation 

10. 	 Exhibits good wave structure 
throughout WS profile 

P 

Jimsphere Sequence No. 
~ .

5, 13, 17, 24, 51, 59, 60, 64, 
66, 68, 70,. 103, 115 

2, 6, 9, 13, 14, 20, 22, 24, 33, 
51, 52, 55, 57, 59, 63, 101, 
109, 110, 113, 115 

4, 6, 14, 17, 18, 20, 24, 36, 51, 
52, 54, 55, 57, 59, 60, 70, 101, 
103, 107, 109, 112, 113, 114, 
115, 119, 121, 122 

1, 3, 5, 6, 9, 10, 12, 13, 14, 
17, 18, 20, 22, 23, 24, 25, 26, 
28, 29, 30, 31, 32, 45, 60, 63, 
67, 70, 101, 103, 109, 112, 113, 
116, 117, 119, 122, 123 

13, 16, 17, 22, 28, 30, 38, 55, 
60, 101, 103, 105, 112, 113, 
121, 123, 124 

4, 5, 6, 8, 9, 10, 13, 16, 17, 
19, 26, 27, 28, 30, 31, 32, 35, 
45, 49, 57, 60, 66, 68, 69, 101, 
103, 106, 109, 110, 112, 113, 
115, 123, 124 

3, 9, 17, 18, 22, 23, 25, 29, 32, 
51, 60, 103, 106, 107, 108, 111, 
113, 115, 116 

6, 35, 49, 50, 112 

17 

34, 36, 58, 60, 64, 107, 109, 
124 

a. Very subjective conclusion 
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Iv. SUMMARY REMARKS 

The intent of this report has been to provide both the engineering and 
disciplinary oriented reader with a better insight into the behavior of the meso
scale flow i n  the troposphere and lower stratosphere. While some discussion 
of the measurements and associated atmospheric observations has been given 
relative to both the engi'neering and disciplinary areas, this has been done 
primarily to focus the reader's attention and, hopefully, motivate his further 
interest in the subject. Future measurement programs will be designed with 
both types of investigators i n  mind. 

It is readily apparent that organized mesoscale flow patterns exist i n  
the troposphere as well as the more stable environment of the stratosphere. 
These flows persist  in a dramatic manner and, while restricted to relatively 
thin layers of a few kilometers, appear to extend over horizontal distances of 
many kilometers. Determination of the physical mechanism( s) behind the 
observed mesoscale processes in  order to permit the forecasting of future 
changes o r  deviations is an obvious goal which would benefit both engineering 
and disciplinary oriented users. In this report many wind profile features, 
including wave structure, are mentioned and discussed subjectively. The 
cause and effect of these observed mesoscale features have yet to be definitively 
established. While considerable insight has been achieved during the past 
decade, added capabilities of analysis would greatly enhance our means of 
estimating the persistence, the predictability, and the general physical nature 
of the atmospheric mesostructure. Supplemental data consisting of associated 
temperature profiles and surface/aloft synoptic maps are also included i n  this 
report. 
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RPR 13. 1965 


20 
r
I 

t 23262 

/J 

22102 

L 

90 
1 
90 90 180 is0 -&o dso 60-70 

NRSR  - HSFC 

SPRCE SCIENCE8 LRBORRTORY HIND OIRECTION IDEGSI 

REROSPRCE ENVLROWIIENT OIV
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19 
CAPE KENNEDY JINSPHERE WIND PROFILE DATR 

APR 4 .  1966 

18 

16 

14 

d 

E 10 
t)
c 
5 8  -
U 

6 

4 . .  

2 

. 1 1 1 1 - - L - - J  

CRPE KEIINECY JIMSPHEKE K I N O  PROFILE DRTA 
EPR 4 .  1966 

L - . I  L -1
180 270 360 90 180 270 

I 1 1 1 . - .  L 1 
180 270 3G0 90 180 270 

!;kER - NSFC 
E P A i E  SCIENCE6 LRBJRRT0P.Y U I l l D  E I W E C T I J N  LCEGSI  
REPOSPRCE ENYIROIl~ENTDIV. 
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20 


CAPE KENNEDY JIMSPHERE WIND PROFILE OATR 

RPR 5 1966 


NRSR - HSFC 

8PRCE BCIESCE.3 U B O R R T O R Y  S C R L R R  W I N O  SPEEO ( H S - l I  

REROSPRCE ENYIRONHEYT O I V .  




20 

CAPE KENNEDY JIMSPHERE WIIlD PKOFILE DATA 

RPR S 1966 

18 
00492 

1 

360 


N R S R  - NSFC 

SPRCE SCIENCES LRBDRRTORY 

REROSPRCE ENVIRONPiENT O I V .  


14RSR - NSFC 

BPRCE SCIENCE6 LRBDRRTORY 

REROSPRCE ENVIRDYIIENT O N  


1 1 L I - - I A I 1 1 1 _I, 
180 270 360 90 180 270 180 270 360 90 180 270 

UINO OIRECTICN [OECtSl 

CAPE KENNEDY JIMSPHERE W I N D  PROFILE DATA 
RPR S 1966 

I
90 180 270 

NINO 0IP.ECTION iCEL?SI 
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16 

1.4 

2 12 

:10 a

I-
-
! i e  -a 


6 

4 

2 

0 


NASA - HSFC 

SPRCE 8ClENCEB UIBORRTORY 

REROSPRCE ENVLRONHENT 0 1 V  


10 

i . \  

NRSR - MSFC 

S P R C E  SCIENCE6 LRBORRTORY 

REROSPRCE ENYIRONfiENT DIV. 


21 
CAPE KENNEDY JIHSPHERE WIND PROFILE DATA 

APR 6 .  1966 

I l ld i o  20 	 30 40 $0 6b $0 

SCRLRR WINO SPEED (NS-lI 

CAPE K E N N E D Y  JIMSPHERE W I N D  PROFILE DRTR 
RPR 6. 1966 

- 1 --1 
360 90 180 

90 180 270 
I 

90 
1 I , . -

180 270 360 90 180 

HIND DIRECTION (OEQSI 

79 


c 



22 
CAPE KENNEDY JIMSPHERE W I N D  PROFILE D ~ T A  


RPR 7-a. 1966 


20 


18 

18 

14 

2 12-
IO 


I

5 8  a 


E 


4 

2 

NflSR - MSFC 

SPRCE 8CIENCEB U B O R R T O R Y  SCRLRR UINO SPEED lN6-'1 

RUIOSPRCE ENYIRONHENT D I Y .  


CRPE KENIIEOY JIMSPHERE WINO PROFILE OATR 

90 - - - II 180 

, 1 

90 180 

NRSR - NSFC 
6pflcE OCIENCEB LRBDRATORY 
REROSPRCE ENVIRONHENT D I V 

80 

RPR 7-8. 1966 

15362
1EOOL: 

270 


I I.. 
270 360 90 180 

x
, I 

. - ,  
I 1 1 - 1 

18090 180 270 360 90 

ClItKl OIRECTION [DEQSI 



-- 

22 
CAPE KENNEDY JIMSPHERE WINO PROFILE ORTR 


RPR 7-8 .  1966 

'O r 

REROSPflCE 

0' i o  do i o  i o  -<a 0' i o  do  i o  
I 1 1 1 - L - 1  L 

0 10 20 30 4 0  50 0 l'0 
N R S A  - MSFC 
6PRCE 6CIENCE6 U B O R R T O R Y  S C R L A R  WIND SPEEO [M6-'l

ENVlRCNnENT O L V .  

CRPE KEFitiEJY JIMSTHIRE WIND PROFILE OATR 

i o  - - s k E O  
do 40 $2 5-60 

I9 


17232
16072 

-90 {BO 270 360 90 180 

90 180 270 i 0  180 270 ;60 
I , - - I  
180 270 360 90 180 270 

81 

20 


0 8 3 6 2  
18 c 7 

L _ I I I 
180 270 360 90 

le0 
I i R S R  - MSFC 
SPRCE 6 C I E N C E 6  LRBDRRTORY 
REROSPRCE ENVIRONHENT D I V .  

I 

RPR 7 - 8 .  19E6 

12152

ih70 460 

I 
180 

I- 2 
180 270 

1 1 L
270 360 90 180 270 

N i l l O  DIRECTIUN IDEQSI 



23 


CAPE KENNEDY JIMSPHERE WINO PROFILE DATA 
R P R  16-17. 1967 

20 

82 




23 
CAPE KENNEDY JIMSPHERE WIND PROFILE DATA 


APR 16-17. 1967 


1i8o 2 7 0 i 9 o o  90 180 270 360 90 
1 

180 270 360 90 
NR6A - tl6FC 

W R C E  8CIEUCEI UBMRTORY UIND DIRECTION IDEOSJ 

RER06PRCE WVLRONHWT OIV. 

CAPE KENNEDY JIMSPHERE WIND PROFILE DATR 

APR 16-17. 1967 


20 


18 

P016L 

16 

14 

e 12 
Y 

5 8  
a 


6 

4 


2 


90 180 270 360 90 180 270 360 90 
I I 
90 180 270 360 90 

WINO DIRECTION [DE061 

1 

83 




THIS PAGE INTENTIONALLY LEFT BLANK 


84 




24 
CRPE KENNEDY JIMSPHERE WINO PiiOFILE ORTR 


APR 18. 1967 


16 

14 

g 12-
10 

t; 

% a  a 


6 

4 

2 

-1 , w0' i o  i o  30 d 10 20 30 
2 I 1 -2 

30 & 10 20 30 
NRSR - MSFC 

SPRCE SCIENCES LRBORRTORY S C A L A R  W I N D  SPEED IMS-'] 

REROSPRCE ENYIRONnENT OXY. 


CRPE KENNEOY JINSPHERE WIND PROFILE ORTR 

RPR 18. 1967 


1620Z 18262 

x < 
90 180 270 360 

I 

3
, 1d 

I I o 	 go iao 2-10 380 o go iao 270 360 0 80 160 270 380 
1 I 
o so Lao 270 360 d - i o  ;eo i70  ;so 

NRSR - H6FC 
W R C E  OCIEWCEI LRBORRTDRY HIND DIRECTION (DEI361
REROIPRCE EYVIROYnENT OXY 
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25 


CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 
RPR 4 .  1968 

20 


18 


16 


14 

$ 12 

x 10 
I-
C. 

SEI a 


6 


4 

2 

I I 1 

10 20 30 
1 
0 

I 

10 
I 

20 
1 

30 
II-
0 10 20 30 

J
0 

1

10 
I 

20 
1 
30 

M - 2  
0 10 20 30 

NASA - HSFC 

BPRCE 8CIENCEB LBBORATURY SCALAR WINO SPEED (NS’l 1 

REROSPACE ENV IRONHENT O I V  


86 

1 



25 
CAPE KENNEDY JIMSPHERE W I N O  TROFILE ORTR 


APR 4. 1968 


r 
I
I I 1 I 1 -I--]
0 90 180 270 360 SO 180 

d do is0 470 460 do ieo i7O-460 
1 I 1-1 
90 180 270 360 

NRSA - HSFC 
SPRCE SCIENCES UIBLIRATORY HIND DIRECTION [DEBS1
RERDSPRCE ENVIROYKEIIT O I V .  

CAPE KENNEDY JINSPHERE WINO PROFILE DATA 

APR 4. 1968 


20 -
Ic 

I , L Ido iao 470 360 so ieo 270 360 
, I d 90 I80 270 360 

NRSR - HSFC 

KPRCE I C I W C E B  UIBORRTORY HIND DIRECTION 1DEBSl 

RERWPRCE EWIRMnQlT D I V  


87 

2 



26 


20 


18 

16 

14 

- 12 

$ 10 
t 
5 8  a 


6 

4 

2 

NASR - NSFC 

S P A C E  B C I E N C E S  LREORRTORY 

REROBPRCE E M I R O N H E N T  O I V .  


CAPE KENNEDY JIMSPHERE WIND PROFILE DRTA 
APR 2-3. 1969 

SCALRR WIND SPEED [tIS-'l 

88 



26 

CAPE KENNEDY JIMSPHERE WINO PROFILE DATA 


APR 2-3. 1969 


18 

16 

14 -

E 12 
Y 

4 10 
c
- . I  

-2 8  

8 

4 . 

2 -

I 1 
90 180 270 360 90 180 

90 180 270 360 90 180 

NRSR - HSFC 
8PRCE ICIENCEa LRBORRTORY 
REROBPRCE EWIROYUENT O I V .  

NRSR - tl6FC 
l?RCE 8CICNCEI LRBORR70RY 
REROWRCE ENVIROYUEUT O I V .  

L 1 --1I 
90 180 270 360  90 180 

HIND OIRECTION IDEM1 


CAPE KENNEDY JIMSPHERE WIND PROFILE DATA 
APR 2-3. 1969 

1 1 , I
180 270 360 SO 180 270 

WINO OIRECTION IOEMI 
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27 
CRPE KENNEDY JINSPHERE WINO PROFILE ORTR 

NAY 14-15 .  1 9 6 5  

1 
0 10 20 30 4 0  

L I I I 
0 10 20 30 40 

I 
0 10 20 30 

I 
40 

NASA - MSFC 
SPRCE SCIENCES LRBORRTORY SCALRR WINO SPEED CMS-ll 
REROSPRCE ENVIRONHENT OLV. 


CRPE KENNEDY JIMSPHERE WINO PROFILE DRTR 
MRY 14-15 .  1 9 6 5  

L 

180 

ho &o ~ $60 	 i o  is0 4-10 
I I 
180 270 360 so i ao  2-10 

EJASR - HSFC 
SPRCE SCIENCE8 LRBORRTORY H I N D  DIRECTION (DEDSI
REROSPRCE ENVIRONHENT DIV. 
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28 


CAPE KENNEDY JIMSPHERE WIND PROFILE DATA 

MAY 29-30. 1966 


92 




28 
CRPE KENNEDY JIMSPHERE WIND PROFILE DRTA 


MRY 29-30, 1966 


1 

90 

1 _ _ L  s I 
90 180 270 360 90 180 

90 ieo ;70- ;so $0 ;eo 
NRER - H6FC 
SPACE ICIENCEB LRBORRTORY HINO OIRECTION [DE061
RERUUPRCE ENVIRONMENT OIV. 

CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

MAY 29-30. 1966 

I . .  * -
Lao 270 360 so iao 270 

is0 ;70 -;so io iao h o  
NRSR - H6FC 
SPRGE BCIENCEI UIBDKRTORY HIND DIRECTION IDEO61 
REKUBPRCE ENVIKUNtlENT O N .  
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29 
CAPE KENNEDY JIMSPHERE WINO PROFILE DATA 

H A Y  15-16. 1968 

20 

l a  

16 

14 

12 

$ 10 

t; 
5 8a 


6 

4 

2 


' I I 1 

0 10 20 30 .O 10 20 30 0 10 20 30 
d i o  i o  i o  0 10 20 

1 
90 

NRSA - NSFC 

SPACE SCLEUCES UBORATORY 

AEROSPRCE ENVIRONMENT O L Y .  

CRPE KENNEDY JIMSPHERE WINO PROFILE DRTR 
WRY 15'-16. 1968 

21002 OODZE..:L3 ~I
180 270 360 270 360 90 180 

L- 270 360 90 270 360 90 
1-w

is0 2 7 0 6 0  270 360 90 
NASA - NSFC 
SPRCE SCIENCES LRBORATORY HIND DIRECTION (OEGSI
AEROSPRCE ENV IRONnENT O I V .  

95 



30 


CAPE KENNEDY JIMSPHERE WIND PROFILE DRTR 
MfIY 4 - 5 s  1969 

20 

18 

16 

14 

g 12-
E 10 
3
I-

U 

5 8  a 


6 


4 

2 

_ . I  L I I 4O b i o  Jo  4% so 0 10 20 30 
I L - - L . I . - - r  I I 1 1 
0 10 20 SO 40 0 10 20 so 

NRSR - HSFC 

BPRCE BCIENCE8 LRBORRTORY SCRLAR WINO SPEED [tIS-'l 

BER08PRCE ENVIRONRENT D I V .  


96 




0 

30 

CRPE KENNEDY JIMSPHERE EIINO PROFILE DRTA 

MRY 4 - 5 .  1969 

20 

16 

16 


14 

g 12 

4 10 
b -
L 


2 8  

0 

4 

2 

~ 

LOO 
 - 1 
270 360 90 180 270 360 90 180 

c I 
180 270 360 90 180 

NflSA - MGFC 
BPRCE ICIENCEE LRBORRTORY HIND DIRECTION (OED61
RERUIPRCE ENVIRUNtlENT O I V .  

COPE KENNEDY JIMSPHERE WIND PROFI1.E DRTR 


20 

18 

16 13382 


14 

x 
-

12 r 

fi 


4 

L 


I 
30 180 270 360 90 

NASR - H5FC 
BPRCE BCLLNCM IPBORRTORl 
RLRDSPRCL ENVtRUNKLNT LILY. 

MRY 4 - 5 .  1969 

HIND DIRECTION I O t ' f f i 1  

97 




3 1  

CAPE KENNEDY JIMSPHERE WIND PROFILE DFITFI 
MFlY 1 8 s  1969 

20 

18 

16 

14 

12 

10 
e 

U 


2 8  

0 

4 

2 

REROEPACE 

1 I I t I 

0 10 20 30 40 -NASA MSFC 
BPACE BCIENCES LIlBORRTORY SCALAR WIND SPEED (MS”1 

ENVIRONMNT DIV 

98 



31 
CRPE KENNEOY JIMSPHERE W I N O  PROFILE ORTR 

MRY 18. 1969 

182o 

90 180 270 360 90 
L I J I I I 

180 270 360 90 180 '270 460 
L. 1 L 1 1 , - A  

90 180 270 360 90 180 270 
NASA - M6FC 

SPRCE BCIENCE8 LRBORRTORY HINO DIRECTION [OEGSJ 

RCROSPRCU ENVIRONnEHT O L V .  

CRPE KENNEDY JIMSPHERE W I N D  PROFILE DRTR 
MRY 18.  1969 

c o  F
t 

L . I L . 2  
90 180 270 360 

NASA - MSFC 

SPRCE SCIENCES LRBORRTORY W I N O  DIRECTION LOECSJ 

REROSPRCE ENVIRONHENT O I V .  

99 




32 


CRPE KENNEDY JLMSPHERE WIND PROFILE DATA 

J U N  14 1965 


I 

30 


NASA - MSFC 

SPACE SCIENCES LRBORATORY SCALAR WINO SPEEO tMS-'I 

AEROSPRCE ENVtRONf'lENT O I V 

100 




32 

Cf iPE KENIIEDY JIMSPHERE WIND PROFILE ORTR 

JUN 1 4  1965' 

16 

14 

6 

2 

REROSPRCE 

180 270 360 9'0 
I --.u 
180 270 360 

----1 
90 

is0 470 ;SO 9'0 1 8 0 7 0  
NRSR - NSFC 
SPACE 6ClENCE6 LRBORRTORY WINO U I R E C T I O N  tUEGS1 

ENVIRONHENT nr" 

CRPE KEIiNECY J:MSPHERE N I N D  PROFiLE CRTR 
JUN 14 1365 

I .  
180 270 360 90 

9'0 


NRSR - HSFC 
SPRCE 6CIENCE6 LRBORRTORY 
RERCSPRCE ENY iRONHENT DIV. 

101 
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33 

CAPE KENNEDY JIMSPHERE WINO PROFILE DATA 

JUN 3 .  1966 

o 	 io 20 so i o  
I 

0 10 20 30 40 
NflSfl - HSFC 
WRCE lCIENCE8 LRBORRTORY SCRLflR UIND SPEED tHS-'l 
REROSPRCE ENVIRONHEWT D I V .  

CAPE KENNEDY JIMSPHERE W I N D  PROFILE DRTA 

JUN 3. 1966 


eo -

18 - 07161 0002Z 

16 - I,0362 

14 -

2 12 -
Y-

10 .. 
t: I I1 

270 360 90 180 270 

180 270 360 90 180 270 
1 1 
90 180 270 360 90 180 270 

NINU DIRECTION [ O E M )  

103 


I I I I111 111111111II 1111 1111111111111 111111111 I I I I I I I 1111 I 1 1  11111111 I 1 1 1 1 I I I 1 I I I I I 1 1 I I I 1 1 1 1 1 1 ~ I  



20 
18 

16011 

16 

14 

2 12 

10 

Is; 
! i 8  a 


6 

4 
i‘\ ,  

2 

34 


CRPE KENNEDY JIMSPHERE WIND PROFILE DATR 

JUN 20-21. 1968 

16112 19082 2OlOl 

-- - 1 1 

0 10 20 0 10 20 0 10 20 

0 10 20 - .a 10 20 - 0 10 20 

0 10 20 0 10 20 
NRSA - HSFC 
6PRCE SCIENCE6 UBURRTORY SCALflR WINO SPEED (HS’ll 
flERO8PRCE N V  IROYtlENT 0 CY. 

104 




*O 

34 

CHPE KENNEDY JIMSPHERE WIND PROFILE DRTA 


5. JUN 20-21. 1968 
2 1. .  

1 . L - .  

180 270 360 90 180 270 360 180 270 360 
1 1' 

d0 180 270 360 , 1 .--1 
270 36090 180 

NRSR - H S F C  

WRCE BCIu(CE8 UIBORRTORY KINO DIRECTION [ O E M 1  

REi7OSPRCE ENVIROUIIMT DIV. 

CRPE KENNEDY JIMSPHERC: WIND PROFILE DRTR 

JUN 20-21.  1968 

18 II 

I 
90 90 180 270 
I
90 


J I 1 

180 270 360 90 180 270 
NRSR - H6FC 
BPRCE BClENCEI LRBORRTORY HIND OIRECTION fOEDS1 
REROLlPRCE ENVIROYWNT O I V .  

105 
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35 


. ,  

i 

20 

18 

. I 

16 

14 

g 12 

g 10 
c." 
f 8  
a 


6 

4 

2 


I 
0 10 

NRSR - HSFC 
6PRCE SCIENCES LRBORRTORY 
AEROSPRCE ENVIRONMEUT D I V .  

NRSA - HSFC 

SPACE SCIENCES LRBORRTORY 

AEROSPACE ENVIRONHENT OIV. 


CRPE KENNEDY JIMSPHERE WIND PROFILE DATA 

JUN 12. 1970 


20 30 d - m o 
1 I 
0 10 20 30 

SCRLFIR WINO SPEEO [ H S - ' l  

I 

CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

JUN 12. 1970 


L 


180 270 360 90 
I 

180 270 360 90 180 

HINO OIRECTION IOEGSI 
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111111111.1 I I I 111..-. I I I  I "111.1 .... .. ... . . . ... ~~~ ~ 


THIS PAGE INTENTIONALLY LEFT BLANK 


108 




36 
CAPE KENNEOY JIMSPHERE WINO PROFILE DATA 

JUL 2. 1965 

- -
0 10 20  0 10 20 

NRSA - MSFC 
SPRCE BCLENCE3 LRBORATORY SCALRR W I N O  SPEEO tMS-ll 
REROSPRCE ENVLRONHENT 01V. 

- L e 
0 10 20 0 10 20 


CAPE KENNEDY JIMSPHERE W I N O  PROFILE DATA 

Jut. 2.  1965 

109 
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37 


CflPE KENNEDY JLMSPHERE WIND PROFILE OATfl 
JUL 29-30. 1965 

20 


18 

P
02592 06162 19072 

16 


14 
 3 
12 


u 


g 10 
I-
H 

S a  t
6 

4 


2 


w? 't
-1 I 

10 20 0 10 20 -L L I 
0 10 20 0 10 20 

1 I I -1
0 10 20 0 10 20 

NRSR - MSFC 

SPRCE SCLENCES LRBURATURY SCRLflR WINO SPEED [MS-'I 

AERUSPRCE ENVLRONflENT DLV 
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37 

CAPE KENNEDY JIMSPHERE WIND PROFILE DATA 


JUL 29-30. 1965 


I 1 

180 270 360 SO 


NASA - NSFC 
8PRCC I C I E N C E S  LRBORRTORY WINO OIRECTION [OED61
REROSPRCE ENV IRONHENT D I V .  

CAPE KENNEDY JIMSPHERE WIND PROFILE DATA 

JUL 29-30. 1965 


I 

180 270 360 SO 180 


2 

90 180 270 380 SO 180 270 360 


NASR - MSFC 

tiPRCE I C l E N C f 8  LRIORRTORY WINO OIRECTIUN COEDS1 

REROSPACE ENVIRUNHEHT O I V .  


111 




38 

CAPE KENNEDY JIMSPHERE WIND PROFILE DATA 

JUL 4-5. 1966 


18 


16 


14 


E 12

L	

2 10 

c 

I 


2 8  
a 


6 


4 


2 


NRSR - HSFC 

SPRCE SCIENCE8 LIlBORRTORY SCRLRR WIND SPEED [HS-'l 

REROSPRCE ENV IRONtlENT O I V  


112 




38 

CRPE KENNEDY JIMSPHERE WIND PROFILE ORTR 

JUL 4-5.  1966 

Ud 
180 270 360 

I 2 
180 270 360 

NRSR - RSFC 
8PRCL OCIEUCEO LABORRTORY H I N D  DIRECTION IDEOSI 
RERDSPRCE ENV IRONCENT O I V .  

CRPE KENNEDY JIXSPHERE WIND PROFILE O R T R  

9 7 i D E  

14 

r 12 r 

E 10 . 

~6 La 


6 . 

6 .  


2	 . 

ILE0 270SO 1
I 
180 270 360 90 

180 
NRSR - W F C  
6 P R C E  6 C i E N C E 6  LRBORRTDRY 
AERWPRCE EWIRONIIEWT OIL'. 

JUL 4-5. 1966 

- I 
I I 1 

180 270 

;70 &o i o  ieo d70 I 

UINO DIRECTION IOEQSI 

113 




7 

39 
CAPE KENNEDY JIMSPHERE WIND PROFILE DRTA 


JUL 12-13. 1967 


CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

JUL 12-13. 1967 


18 1 


16 


14 


r 12 

x 


!4 10 
-c 


5 8 
a 


6 


4 


2 


IL.1 


0 90 180 270 ;SO i 0  

L - 1 1 t 


0 90 180 270 360 90 

NRSR - MSFC 

EPRCE ICLENCEQ LUBUJIRTURI HINO OIRECTION [OEM1 

RERUSPRCE ENYIRUNHENT O I Y  


114 




39 
CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 


JUL 12-13. 1967 


-2 

90 


0 
NRSR - HSFC 
WRCE ECIENCEE UBmRRTORY 
REROSPRCE WYIROYIIEWT O I V .  

CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

JUL 12-13. 1967 


20042 

4 %  1 -I.-,
SO 180 270 360 90 

d- 60 ~ iao &o ;so do 
L L L I ,

0 90 180 270 360 

HIND DIRECTION [DE061 
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40 

C A P E  KENNEDY JIMSPHERE WIND PROFILE DATA 

JUL 13-14, 1967 


0163t 

04072 

05632 

10 20 

I . 1 


0 10 20 
-

I 

0 

i
10 20 


SCRLAR WIND SPEED [HS’ll 

1 

0 


L-1 

0 10 20 
-

0 10 20 
NRSR - MSFC 
8PRCE SCIENCE3 LRBURATURY 
REROSPRCE EtlY IRUNMENT D I Y .  

116 




40 


Iis  , 

2 1  

I 
0 

40 ;SO ;7d ?60 
L. 1 L 1 1 -.A 

90 180 270 360  90 180 
:.F!sfl - MSFC 

SFRCE SCIENCES i R a O R R T O R Y  W I N D  CIEECTiON I D E G S l  

REROSPRCE ENViRONl4ENT OlV. 

COPE KEI.NEDY ilPISk‘UERE WIhlO PROFILE O R T R  
JUL 1 3 - 1 4 .  1967 

CIS32 

2 

llRSA - nSFC 

W R C i  SCIEIICES LRBORATORY H I N D  O i i f E C T l O N  LOEDSl 

REROSPACE ENVIRONnENT OIV. 
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41 
CRPE KENNEDY JIMSPHERE WIND PROFILE DATA 


JUL 24. 1967 

20 

18 
1 2 0 0 1  

16 


14 

z 12 
Y 
I 

10 

5 
c
A 8  
4 
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CAPE KENNEDY JIMSPHERE WIND PROFILE D A T A  
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CRPE KENNEOY .JIilSPHERE WINO PROFILE ORTR 
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CAPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

RUG 19-20, 1968 


I 1 1 I 

0 10 20 30 0 10 20 -30 0 10 20 -
L


0 10 20 30 0 10 20 0 10 20 


NFISA - MSFC 

SPRCE BCXENCEB LRBORRTORY SCRLRR W I N O  SPEED (MS-ll 

RERJSPRCE ENYIRONI1ENT DIV. 


130 


... 



47 
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GRPE K E N N E D Y  JIMSPHERE W I N O  PROFILE D R T R  
SEPT 13-14. 1965 
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CflfE KENNEDY JIMSPHERE WIND PROFILE DATf l  
SEfT 15, 1967 

-
I 
20 	- 0 10 20 

0 10 20 0 10 20 

SCflLFlR WIND SPEED [MS”; 

5 



51  


20 

msa - KSFC .. . .  
6PRCE BZIEHCEI LRBCRRTCRY ,,_.. . ':%EZ7;CII :3tIGS1 
RERUBPRCE ENYIROWKENT O L V -

C R P E  KENIEDY JI?!S?HERE X I K O  ?SOFILE DRTA 
SEPT ; 5 .  is67 

139 




52 
CRPE KENNEDY JIMSPHERE WINO PROFILE DRTR 
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CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

SEPT 19-20. 1968 
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CAPE KENNEDY JIHSPHERE WIND PROFILE DRTA 
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CAPE KENNEDY JIMSPHERE WIND PROFILE DATA 
SEPT 24, 1969 
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COPE KEbltdEOY JIMSPHERE W I N D  PROFILE ORTR 
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CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

OCT 19-20, 1965 
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CRPE KENNEDY JIMSPHERE HIND PROFILE DATA 


OCT 19-20. 1965 
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CRPE KENNEDY JIMSPHERE WIND PROFILE DATA 

NOV 3 .  1967 

~~ 

NRBR - flSFC 

SPRCE SCIENCES LRBORRTORY SCRLAR WINO SPEEO [MS-'I

REROSPRCE E N V I R O N f l E N T  O I V .  


CRPE KENNEDY JINSPHERE N I N O  PROFILE DRTR 
NOV 3. 1967 

159 




THIS PAGE INTENTIONALLY LEFT BLANK 


160 




I 


CRPE KENNEDY JIMSPHERE WINO PROFILE ORTR 

NOV 4 .  1967 

20 r 
18 

16 

14 

2 12-
% 10 a
t 
5 8  a 


6 

4 

2 


d IO ;O 30 40 $0 

0 10 20 30 40 60 
NflSR - HSFC 
OPRCE ICIENCEE LRBORRTORY SCftLflR NIND SPEED [MS-lI
REROSPRCE ENYlRONfiENT O I Y .  

CfiPE KEIIIIEDY JiMSPHERE k'IND PEOF'ILE CRTA 
N O V  1. 1967 

1 
180 270 380 SD 180 270 

iao i 70  ;so i k - l e o 7 0  
HRSR - W F C  
W R C E  CCIEYCE8 UIIOP.RTO(IY HINO DIRECTION [CEO�1 
RERUUP(ICE WYIIOYIIWT O I V .  

161 




THIS PAGE INTENTIONALLY LEFT BLANK 


162 




63 
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W R C E  SCIENCE6 LREDRRTORY 
RER06PRCE EWIIROllIlWT O W .  

CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

DEC 6.  1966 

d i o  	 io $ 0 4 0  

SCALAR W I N O  SPEED I N S - ' ]  

CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

DEC 6.  1966 

232421

iao 270. 
I I 
270 360 90 1 E O  270 

I 1 I ,
1 E O  270 360 SO 180 270 

U I N D  DIRECTION IOEDSI 
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CRPE KENNEDY JIMSPHERE WIND PROFILE DflTfl 

DEC 18-19, 1967 


1 1 I I 1 , I I - 1  


0 10 20 30 0 10 20 30 40 

1 1 I 1 I I 


0 10 20 30 0 10 20 30 40 

NRSR - MSFC 

SPACE SCIENCES LABORRTORY SCRLRR WIND SPEED (HS-lJ 

REROSPRCE ENVIRONMENT OIV


170 




67 


20 


18 


16 


14 


12 


10 

3
I-
.... 
l i ea 


6 


.? 

2 


NRSR - NSFC 

EPRCC 8cIwcEa LRBORRTORY 

RERUSPRCE WVIROMllWT O I V .  


‘O i 

18 


16 


14 


z 12 

Y	

E 10

J
c 
5 8 
a 


6 


4 


2 


I L 
90 180 


NRSR - NSFC 

WRCE l C l o ( U 3  LRBDILRTORT 

REROaPRCE M l R O Y l l E U T  (111-


CAPE KENNEDY JIMSPHERE #IN0 PROFILE DRTR 

DEC 18-19, 1967 


90 180 270 


1 I - 2 . 2
iao 670 360 so 180 270 


UIND DIRECTIUN [ O E M ]  


CAPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

DEC 18-19. 1967 


1 

270 360 


I- I I 

90 180 270 360 


UIND DIRECTIUN [OED61  

171 




THIS PAGE INTENTIONALLY LEFT BLANK 


172 




68 

CRPE KENNEDY JIMSPHERE WIND PROFILE DRTR 

DEC 9. 1968 

16 L 

8 

4 

2 

1 ' 1 
0 10 20 30 40 SO 6 0  

NRSR - H6FC 
d ;o d o  io --o 

WACE 8ClEMCES LRBORRTORY
REROLlPRCE ENVIROJMENT PIV. 

SCALRR WINO SPEED [ HS-' 1 

d i o  d o  40 -0 

CRPE KENNEDY JIMSPHERE WIND PROFILE DATR 

DEC 9. 1968 


L 
180 270 

NRSR - H6FC 
d i o  ;so ;70 ;so do 

W R C E  8 C I E l l C E 8  LRBORRTORY WIND DIRECTION fOEDSl 
REROIPRCE ENVlRONtlEUT O I V -
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I 
0 


NRSR - MSFC 
BPRCE BCIEWCEB LRBORRTORY 
RER08PRCE ENV LRONUENT O I V .  

NRSA - M6FC 
WRCE ECIENCEB unoamow 
REROSPRCE ENVIRONHWT O I V .  

CAPE KENNEDY JI f lSPHERE WIND PROFILE DATA 
OEC 11. 1968 

L 
10 	 20 30 40 

d- i o  i o  40 .~.~i o~~ 

SCALAR UINO SPEED IMS-ll 


CRPE KENNEDY JIMSPHERE WINO PROFILE DRTR 
DEC 11. 1968 

I , 

180 270 360 90 180 270 360 
I , , 1 
270 360 90 180 270 360 90 

HIND DIRECTION (DE061 
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70 

CAPE KENNEDY JIMSPHERE WIND PROFILE DATA 


DEC '20-21. 1968 


NRSR - KSFC 

BPRCE GCIE?ICES LRBORRTORY SCRLRR WLND SPEEO tllS-'l 

REROJPRCE ElVIPONflENT O I V .  


CAPE KENNEDY JIXSPKERE W I H D  PROFILE DATR 
DEC 20-21. 1968 


18 i 


1 1 

160 270 360 SO 180 270 180 270 380 SO 180 270 


1 

180 270 960 90 180 270 180 270 360 90 180 27 


NASR - tl6FC 

6fRSC ICIENCEI LIIBDIIRTORY WINO OIRECTION COEDS' 

IIEROWllCE EWIROWIENT O I V 

177 




I III II I 11111 II I I I I 111 11111 111. I I 



24 Sequential Jimsphere Wind Profi le Data Sets For 


Point  Mugu,  Cal i fornia 


January  1965 - A p r i l  1970 
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POINT MUGU JIMSPHERE WIND PROFILE DATA 

JFlN 18-19. 1965 


180 




;E 

101 
POINT MUGU JIMSPHERE WIND PROFILE ORTR 


JAN 18-19. 1965 


20 

16 
14 
12 -

I 

g 10 . 
c 
-I E . 
U 

6 . 

4 . 

1 3 
90 180 270  360 90 180 , ' " ' , , , 

180 270 360 90 180 270 360 90 
NASR - MSFC 
6PRCE 6CIEWCEC LRBURRTORT KINO DIRECTION IDEM1 
REROSPRCE ENVIRONtlENT O I V  . 

POINT MUGU JIMSPHERE WIND PROFILE DRTR 

JRN 18-19. 1965 


22211 


18 

16 
14 

r- 12 -
Y-
% 10 -

U 

6 

4 . 

2 -

I I 
180 270 360 90 180 270 360 90 180 

1 - I 
180 270 360 90 Leo 270 360 90 

I ' " I 
180 270 360 90 180 

NRSA - HSFC 
I P R W  6CIEWCEI LRBDRRTDRY WINO DIRECTION (DE061
RERDSPRCE ENYIROnHENT OLV.  
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102 
POINT HUGU JIHSPHERE WIND PROFILE DATA 


JAN 2 1970 


POINT MUGU JIMSPHERE WINO PROFILE DATA 

JRN 2 1970 


J I I I J 

0 90 180 270 360 


NRSR - HSFC 

BPRCE SCIENCE6 UBORATORY WINO DIRECTION IDEGSI
nmosPncE WYIRONHENT ON. 
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POINT MUGU JIMSPHERE W I N O  PROFILE DFiTA 

FE6 18-19, 1965 


18 


16 


14 


U 

6 


4 


2 


--I_--- I . L 


0 10 20 30 40 SO 

NRSR - MSFC 

SPACE 8CIENCE8 LRBORRTDRY S C A L A R  W I N D  SPEEO L M 6 - l  I 

RERDSPRCE ENVIRON.MENT DIV 


184 


c 



103 
POINT MUGU JIMSPHERE WIND PROFILE DATA 


FEB 18-19. 1965 


I6002 

e -
4 

2 

1 
270 960 90 180 270 960 90 180 

1 -
270 360 90 180 270 

I , , , , , 

0 90 180 270 360 90 
NRSR - M6FC 
6PRCE SCIENCES Ul0ORRTORT HINO DIRECTION (tlEDS1
REROSPRCE ENVIR[IWIIENT O L V .  

POINT MUGU JIMSPHERE WIND PROFILE DATA 

FEB 18-19. 1965 


01262 OtlSZ 

270 960 90 180 270 960 90 
3 ,d 90 180 270 360 do 

NRSR - MSFC 

SPRCC SCIENCXI UBDRRTORY NINO D I R E C T I O N  (DEBS1

REROSPRCE ENVIRONIIENT O I V .  
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104 

POINT HUGU JIMSPHERE WIND PROFILE DATA 
FEB 28-29.  1966 

16 


14 

6 

4 

2 


I 2 

o i o  i o  90 i o  
L -,
0 10 20 30 40 SO . 

0' i o  & - i o  i o  $0 
NRSR - MSFC 
WRCE ICIENCEI L R l O R R T O R l  SCRLRR WINO SPEEO 
REROQPRCE EWVLRONflENT O L V .  

POINT MUGU JIMSPHERE WIND PROFILE DRTR 

FEB za -29 .  1966 

-
m

d 90 le0 270 960 

9'0 ieo &o 460 
NRSA - MSFC 

~c I C L E N C E ~  UEIMRTORY WINO DIRECTION IOEDSI 
REROSPRCE ENYIKONtlEMYT O I V .  

187 




THIS PAGE INTENTIONALLY LEFT BLANK 


188 




105 

POINT HUGU JIHSPHERE WIND PROFILE DATA 
FEB 9. 1970 


18 

16 


14 

z 12 r 


10 
L.-. 
2 8  a 


6 

4 

2 

0 10 20 30 40 d i o  2 0 4 0 

d i o  io i o  l o  
d i o  i o  $0 i o  40 . 

NASA - H6FC 
SPRCE I C I E N C E I  LRBORRTORY 
REROSPRCE ENV IRONtlENl O I V .  

SCALAR HIND SPEED [H6-'1 

POINT MUGU JIMSPHERE HIND PROFILE DATA 
FEB 9. 1970 
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POINT MUGU JIMSPHERE WINO PROFILE DATA 

M A R  2-3. 1965 


*O r 
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106 

POINT MUGU JIMSPHERE WIND PROFILE DATA 

MAR 2-3. 1965 


20 


18 

16 i 
14 

g 12-
5 10 
c

% E  a 


6 

4 

2 


00 9 6 0 8 2
$0 -

L - - - *  I I 
90 180 270 360 90 

40 l'a0 ;70 i60 do 
NRSR - flSFC 
SPRCE SCIENCES LRBoRRTDRY KINO OIRECTION [DEGSI
REROSPRCE ENVIRLlNllENT O I V .  

POINT MUGU JIMSPHERE WIND PROFILE DATA 

MAR 2-3. 1965 


I 'aO ;70 $60 9'0 -
i s 0  270 360 90 

NASA - flSFC 
6PRCE ECIENCEC LRBORRTORI KINO OIRECTION (OEGSI
REROSrRCE ENVIRfflHRIT O I V .  
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POINT MUGU JIHSPHERE WIND PROFILE ORTA 
HRR 15-16. 1965 


*O r 
21512 0031Z 

ZOOS?. 110 20 30 -9
I 

0- nn
1 

0 10 20 
0 10 20 30 0 ' 0  20 30 

1 
0 10 20 30 

NflSfl - MSFC 
EPRCE IClENCE8 LRBORRTORY 
AEROSrRCE ENVIRONllENT OXY.  

SCALAR WINO SPEED [MS-

POINT MUGU JIMSPHERE WIND PROFILE DRTR 
MAR 15-16. 1965 

18 

14 


6 

2 


-iao 2-0 180 270 360 
1 1 
180 270 360 90 

NflSfl - HSFC 
6pntE S C I ~ U C E ~UIEIORRT~Y CIINO OIRECTION (OEDSI
RERmrRtE ENVIROWHENT OXY. 
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POINT MUGU JIMSPHERE WINO PROFILE DATA 

M A R  28-29. 1966 


20 
18 

16 -

L 
1 

0 10 20 -
0 10 20 -


0 10 20 
NRSR - MSFC 
8PRCE OCIENCEU LRBORRTORY SCRLRR WINO SPEED (MS-ll
REROSrRCE ENVtRONttENT O I V .  

2o F 

16 t 
14 


6 


2 


POINT MUGU JIMSPHERE WIND PROFILE DATA 

MRR 28-29. 1966 


00592 

180 270 360 90 

I , I 
1EO 270 360 90 180 

HINO DIRECTION (DEBS1 
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20 

18 

16 

14 

2 12 -
Y 

E 10 
u 

5 8  -a 

6  


4 


2 

POINT MUGU JIMSPHERE WIND PROFILE DHTH 
M A R  16-17. 1970 

I I t I I ! I C I0' 10 20 30- 40 0 10 20 30 400 10 20 30 
b I 1 1 --A I 1 

0 10 	 20 30 40 0' !O 20 30- 40 
1 1 1 I I I I 1 - -.J 

0 10 20 30 0 10 20 30 40 
NRSR - HSFC 
BPRCE BCIENCEB LABORRTORY SCRLRR WIND SPEED (PIS-') 
AEROSPACE ENVIROHIIENT O I V .  
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POINT MUGU JIMSPHERE WIND PROFILE DRTA 

MAR 16-17. 1970 


POINT MUGU JIMSPHERE WINO PROFILE DRTR 

MAR 16-17. 1970 


u 

180 270 	 960 


l a 0  270 960 $0 
-
180 270 960 


NASA - RSFC 
SPRCC SCIENCES UllORRTURY WIND DIRECTION (DEI551 
RERUSSrRCE ENVIKONHENT OIV. 
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POINT MUGU JIMSPHERE WIND PROFILE DATA 
MFlY 13-14 1966 

20 

18 

16 

14 

2 12 
Y 

4 

2 


RERUBPACE 

I I 1 1 - 1 1 

0 10 20 30 40 60 
1 
0 

I 
10 

I 1 -

20 30 40 60 
NF1SFI - MSFC 
B P A C E  B C I E N C E B  LABORATORY SCRLAR WINO BPEED [MB-ll 

ENYIRUNtlENT DIV.. 
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POINT MUGU JIMSPHERE WIND PROFILE DRTR 
M A Y  13-14. 1966 

PO 


18 

16 

14 

2 12 
Y
;10 
I.-.c 


$ 8  

6 

4 


2 

NRSR - ESFC 

SPRCt' OCIUNWO IflBDRRTORI 

RERQ3PRCt' kNVIRONHENT DLV 


NASA - CSFC 

SPRCC' IClC'dCf6 UBDRRTORY 

RERQaPRCE EWVIRONliENT OKV. 


, , , I I 
180 270 360 90 180 270 360 

WIND OIRECTIUN [DEGSI 

POINT MUGU JIMSPHERE WIND PROFILE DRTR 
MRY 13-14. 1966 

HIND OIRECTIUN [OEDSI 
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POINT MUGU JIMSPHERE WIND PROFILE DRTR 
MRY 12-13, 1969 

20 


16 

14 

6 

4 

2 


NASR 

0 10 20 30 
I 
0 

I

10 
I
20 

I
30 

I 
0 

I 

10 
I

20 
I
30 

t L I - 1  1 I I - 1  -4 
0 10 20 30 I! 10 20 30 40 

1 
0 

I

10 
1 

20 
I 
30 

L 
0 

I I 
10 20 

I
30 

1

40- M8FC 
SPACE OCIENCEB UBDRRTDRY SCALflR WINO GPEED tM6’11 
RERUSPRCE ENVIRDNHENT OKY. 
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POINT MUGU JIMSPHERE WIND PROFILE DATA 
MAY 12-13. 1969 

POINT MUGU JIMSPHERE WIND PROFILE DATA 
MAY 12-13. 1969 

NRSR - HSFC 
ieo h o  $ s a  i o  ieo &o ;so 

8PRCC ICIENCEE UBDRRTORY HIND DIRECTION IDEOSI 
RERWrRCE ENVIKOHHENT D I V .  
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POINT MUGU JIBSPHERE WINO PROFILE ORTR 

J U N  1. 1965 
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a 

112 

PDINT MUGU JIMSPHERE WIND PRDFILE DATA 
J U N  I. 1965 

16311 11001 
18 

16 

14 

2 12 -
Y-
E 10 
b .  -+.  
- 1  8 ,.
4 

8 .. 

4 . 

2 .. 

\ -

POINT MUGU JIMSPHERE WIND PROFILE DATA 
JUN 1. 1965 

3 8  . 

= 6  i. 
4 . 

2 . i 
90 180 270 360 90 180 270 460 

i o  is0 h o  960 i o  
I - IEO 270 360 90 

NRSR - ESFC 

SPRCE 6CItllCEO LRBORRTORY NINO DIRECTION [DEGSI
m m r m  WVIRONRENT OIV. 
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113 

POINT MUGU JIMSPHERE W I N O  PROFILE DATA 
RUG 16-17. 1965 

20 
16Oe.Z 1633L 17572 

I 

I 
-

L O 

I 
0 10 20 - 0 10 20 

0 10 	 20 0 

0 10 20 

1 1 

30 0 10 20 30 
1

:O 20 30 

I
0 10 20 30 

WINO 6PEEO [M6-'1NRGR - H6FC 

SPRCE 8CIENCELI LRBORRTORY 

REROBPRCE E N V I R O N ~ E N TO I V .  


20 


18 

16 

14 

z 12 

Y 

E 10 

& .  

I 

2 8  

G 

4 i
2 

I 

BCRLRR 

P O I N T  MUGU JIMSPHERE WIND PROFILE ORTR 
RUG 16-17. 1965 

I

1 180 270 360 90 180 270 360 90 460 
L t ,--I ., ..Ap--I I 

90 180 270 360 90 180 270 960 SO If 

NRSR - HSFC 

SPRCE SCIENCES UBORATORY MINU DIRECTION IUEDSI 

REROSPRCE WVIRONHENT O N .  
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POINT HUGU JIMSPHERE WIND PROFILE DRTR 

RUG 16-17. 1965 

20 

18 

16 

.14 

12 
I 

g 10 
6. 
i 8  
4 

6 


4 

2 

I 1 
90 180 270 960 90 180 270 

NASR - HSFC 

WRCE 8CIENCEI LRBORRTORY WINO DIRECTION tOEGS1 

REROSPRCE ENVIRONHENT O I V .  


POINT MUGU JIMSPHERE WIND PROFILE ORTR 
RUG 16-17. 1965 

20 

18 ~ 

16 

14 

-g- 12 

10 -
! ; e  
4 

6 . 

4 .. 

2  - 5 
270 360 90 180 270 460 
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POINT MUGU JIMSPHERE WIND PROFILE DATA 
AUG 15-16. 1966 

20 

18 

18 

14 

z 12 
Y 
:10 a 

t;

5 8  a 


-
0 10 20 - 0 10 20 

0 10 20 - 0 10 20 
0 10 20 0 10 20 

NRSR - NSFC 
Lat"omy SCRLRR UINO SPEEO (liS-llm c E  ~ C I E N C E ~  

R U O S t R C E  ENIIRONIIENT DIV. 

POINT MUGU JIMSPHERE H I N D  PROFILE DRTA 
RUG 15-16. 1966 

20 
18132 

18 

16 


14 
 F 
I 

180 
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POINT MUGU JIMSPHERE WINO PROFILE DATA 

AUG 15-16. 1966 


iao & I O  460 do i a o  270 ;so $0 iao 
1 ~1 8d: i o  iao 270 360 do iao &o &o 

N9SR - NSFC 

SPRCE 6 C I W C E S  UBORRTORY HIND DIRECTION COEDS)

REROSPRCE W L R O N K E N T  OIV. 


POINT MUGU JIMSPHERE WIND PROFILE DATA 

RUG 15-16, 1966 


I
ieo d70 460 i o  iao &o 460 

NASR - tSFC 

SPRCE 6CIENCES LRBORRTORY HIND DIRECTION CUEQSI

RUIOSPRCE ENVIRONKEIIT DlV. 
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POINT MUGU JIMSPHERE WIND PROFILE DRTR 
f lUG 2-3. 1967 

*O, 


18 


16 


14 


2 12 

Y
x 10 
3 

t
-
5 8  a 


6 

4 

2 


I 
L # - - Id 10 	 20 30 40 60 0' 10 20 i o 0 $0 
1 I I 1 I 1 I I I _ I - ,  

0 10 20 30 40 50 0 10 20 30 40 50 
NASA - HSFC 

8PRC E  8 C  LEN LE3 LflBORRTORY SCRLAR WIND SPEED (MS-lI

REROSPRCE ENVIRONRENT DIV. 
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POINT MUGU JIMSPHERE WIND PROFILE.DRTR 
RUG 2-3. 1967 

20 

18 

16 

14 

z 12 
Y, 
W 

El 10 


2 8  
4 

6 

4 

2 

L 1
do ieo 270 360 90 180 270 

NASA - KSPC 

SPRCE SCIENCE6 IISORRTLMY WINO DIRECTION COEDS1 

REROSPRCE LNY IRDNHENT O I V .  

POINT MUGU JIMSPHERE WIND PROFILE DRTR 
RUG 2-3. 1967 

20 

18 

16 

14 

2 12-
5 10 
b-
L 

t 
a 8 

t I 

4 

2 9-k 8 I180 270 
90I 360 90 180 270 9 

l'80 $70 360 S O  180 270 &io 
4 IBo 180 270 960 90 

WINO OIRECTION COEDS1 
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16242< 
116 

POINT MUGU JIMSPHERE WINO PROFILE DATR 

RUG 5-6. 1968 


E
I
OOLlE 


I 
0 10 20 - 0 10 20 - 0 10 20 

0 10 20 - 0 10 20 
0 10 20 0 10 20 

NRSR - MSFC 
8PRCE 8 C I E N C E I  LRBORATORY SCRLRR HIND SPEED C t l S - l I  
REROSPRCE ENVIRONMENT D I V .  

POINT MUGU JIMSPHERE WIND PROFILE DATA 

RUG 5-6. 1968 


16
II(/ /*/ 
16242 

14t7 

180 270 960 90 180z t  ,Cr270$60 
" ' I , -L 

0 90 180 270 360 90 180 
I I I I , , 

0 90 180 270 360 90 180 
NRSR - HSFC 
WRCE SCIENCES LRBDRRTDDT WINO OIRECTION COEGSJ 
REROSrRCE MYIRMIIENT D I V .  

2 10 

2 3 0 l t  
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20 

18 

16 

14 

x 
-

12 
x 
I 

10 a 

k 
3 8  
a 


6 

4 

2 

POINT MUGU JIMSPHERE WINO PROFILE DRTR 
RUG 5-6. 1968 

-k

---2
2 


, ,zl180 270 360 90 180 270 360 

NASR - MSFC 
6PRCE SCIENCE6 MBDRRTORY 
REROSPRCE ENVIRONHENT D I V .  

1
270 360 90 180 

NRSR - HSFC 
SPACE 8CIENCE8 MBDRRTDRY 
RFXOSrRCE ENY IRONHENT OLV 

1 
90 180 270 360 90 180 270 

I 8 I
270 960 90 180 270 360 90 

HIND DIRECTION [OEGSI 

POINT MUGU JIMSPHERE WIND PROFILE DATR 
AUG 5-6. 1968 

I

270 360 90 

HINO DIRECTIUN IOEGSI 
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117 

POINT MUGU JIMSPHERE WINO PROFILE D R T R  
RUG 18. 1969 

, I - J  L 
0 10 20 30 0 10 20 so 

NRSR - HSFC 

WRCE ICIENCEB LRBORRTDRY SCRLRR HIND SPEED [fIS-'l 

REROSPRCE ENVIRONMENT O L V .  


POINT MUGU JIMSPHERE WIND PROFILE DRTd 


20 

18 

16 

14 

-$- 12 

w 
n 10 

.- . 
2 8  ).

U 

6 . 

4 . 

NRSR - HSFC 
6PRCE (CIENCEI UBORRTWIY 
REROWRCE ENVIROWKENT DLV 

RUG 18. 1969 


k70 ;SO do 1% ;70 $60 

HIND DIRECTION [OEM) 
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POINT MUGU JIMSPHERE WIND PROFILE DRTR 

RUG 18. 1969 


i 8 
a 


G 


4 


2 


-.
tS0 270 360 EO 180 270 360 


WINO IIIRECTION COEDS1 


P O I N T  MUGU JIHSPHERE H I N D  PROFILE DATA 

RUG 18. 1969 


so 180 270 5su su 

I ' 1 

90 180 270 360 SO I80 
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POINT MUGU JIHSPHERE HIND PROFILE DRTR 
SEPT 8 .  1965 

20 

18 

16 

6 

4 

2 

, L 
0 10 20 30 40 

I o I B  za 30 40 
N R S R  - MSFC 
DPRCE lCIENCE8 LBRDRRTCRY SCRLRR WINn SPEEII CNS-ll 
REilDSrRCE D ( Y  LRDNUEHT O I Y .  

PUINT NUGU JIMSPHERE WIND PROFILE ORTA 
SEPT 8 .  1965 

2116I 


180 270 360 90 180 270 360 
1 L 

tiRSfl - tlSF% 
180 270 360 90 180 270 

ZPRCE ICtEUCES LABURRTORI 
AEROSPRCE mLROHHEMT OIV. UINO OIRECTION COEG.51 

L, 
1 


3 270 360 90 180 
3 270 360 90 180 

1 
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POINT M U M  JIMSPHERE WINO PROFILE DATA 
SEPT 16-17, 1966 

20 

18 

16 

14 

c 12 
Y 
I 

10 
c 

L


f a  
a 


6 

4 

2 

SCRLRR WINO 6PEEO Ifl6-'1 

POINT MUGU JIMSPHERE WIND PROFILE OATA 
SEPT 16-17. 1966 



119 
POINT BUGU JIBSPHERE WIND PROFILE DATR 

SEPT 16-17. 1966 

I 1 so i a o  270 360 go 180 270 
* I

iao i70 ;so -90 180 h o  ;so do iao 4-10 s'r 
NRSR - HSFC
i r n u  ~CXDICEI umnntony MINO OIRECTION (OED61
nmmrncE ENV~IIOWIIENT0x1. 


PDINT BUGU JIBSPHERE WIND PROFILE DATA 
SEPT 16-17. 1966 


d do iao h70 ;so i o  iao &o ;so 

WINO OIRECTION COE06J 
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120 

POINT MUGU JIMSPHERE WIND PROFILE DATA 

SEPT S-6. 1967 


L -2-1 
0 10 20 30 

I I 
0 10 20 30 

NRSR - MSFC 
BPRCE OCIENCEB LRBORRTJRY 
REROBPRCE ENVIRCNHENT O I V .  

GCRLRR WIND GPEEU [NS-l) 

POINT MUGU JIMSPHERE W I N D  PROFILE DATA 

SEPT 5-6. 1967 

2 0   22102 

18 

16 

14 

z 12 -
I
x 10 z 
L 

-3 8a 


6 

4 . 

e	 . 
‘I?=--=+

270 460 d0 if0 270 ~ ~ 9 0 0 

90 180 270 360 

219 
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I 


121 
POINT HUGU JIMSPHERE WIND PROFILE DATA 

OCT 4-5. 1967 

20 

18 

1s 

14 

2 12
L 


6 

4 

2 

I , I 

0 IO 20 30 40 d i o  h-+-400 
d-io 2-0 d i o  io --o d i o  i o  i o  i o  $0  

d 
NASR - MSFC 

;o +o $0 40 $0 d i o  i o  i o  40 $0 

SPRCE SCIENCES LRBORRTORY SCALAR WINO SPEEO 
REROSPRCE ENVIRONHENT D L V -

POINT MUGU JIMSPHERE WIND PROFILE DATA 

OCT 4-5. 1967 

23192 

a I 
90 180 270 360 

i
90 180 270 360 

1 I 
90 180 270 360 - SO 180 270 360 

180 270 360 90 180 270 
NASR - tlSFC 
WRCC SCIENCE# LRBORRTORY 
REROSrRCC ENY IROllHENT OLV . WINO DIRECTION [DEGSI 

221 




122 


POINT MUGU JIMSPHERE W I N D  PROFrLE DATA 
NOV 16-17. 1967 

20 2150f 


02232 
18 

16 


2 12 
Y 

6 

4 

2 
 -
0 10 20 -30 0 10 20 

1 I . 1 

0 10 20 - 0 10 20 
0 10 20 0 10 20 

NflSfl - MSFC 
6PRCE SCIENCES LRBORRTQRY SCflLf lR WIND SPEED [HS-lI 
REROSPRCE ENV IRONHENT D I V  

222 




122 
POINT MUGU JIMSPHERE WIND PROFILE OATA 

NOV 16-17. 1967 


17302 
2027L
-

---7 

360 $0- -2700 

L- -2- - & - I I 


90 180 270 360 90 180 


NASR - KSFC 

SPRCC SCIENCE6 LRBORRTORY 

REROSPRCE WVIROHUENT D I V .  


POINT MUGU JIMSPHERE W I N O  PROFILE OATA 

NOV 16-17. 1967 


23272 


00542 02232

zL 

f c 

L , , I

0 90 180 270 360 90 180 


L I I I I I 

0 90 180 270 360 90 180 270


NRSR - W F C  

SPACE lClENCE6 LRBDRRTORY N I N O  OIRECTION I D E M 1
REROSPRCE ENVIRUNtlENT DIV. 

223 
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360 

123 


P O I N T  MUGU JIMSPHERE WIND P R O F I L E  DRTA 
DEC 21. 1965 

2o r 

18 

18 

14 

4 

2 

I 1 I I 
0 10 20 30 40 60 0 10 20 30 40 60 

0 10 20 30 40 SO 60 0 10 20 30 40 
I 

0 10 20 30 40 SO 60 
NRSR - HSFC 

WRCE ICIENCEO L R r " o m  GCRLRR WINO S P E W  [H6-11 

RERUSPRCE EWllRUNNEHT O I V .  

POINT MUGU JIMSPHERE WINO PROFILE ORTR 
OEC 21. 1965 

03202 

, , ,3270 180O 270q!90 180 270 360 90 180lo-q d- ~ 

I 
0 
I 

90 180 270 360 
1 

90 r a o  270 360 
NRSR - H6FC 
W R C E  6CIENCEB LRBURRTORY HIND DIRECTION [OEGSI
RUIUSPRCE ENYIRUNHENT OIV. 

225 
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124 

POINT MUGU JIMSPHERE WIND PROFILE DATA 

DEC 22. 1965 


OZOOL 03322 


0 10 20 30 40 

d i o  io $0 i o  do 

NRSR - HSFC 
d I 

10 
, 

20 40 i o  - ;o 40 

W R C E  OCIENCEI LRUORRTORY 
REROWRCE ENVIRON3ENT OXY.  

SCRLRR WIND SPEED (NS-lI 

POINT MUGU JIMSPHERE WIND PROFILE DATA 

DEC 22. 1965 


180 270 360 SO 
1 

180 270 360 SO 
NASA - HSFC 

W R C C  eCIENCM U I O R R T O K T  WIND DIRECTION IDEOSI

nmoarncE W I I R W ~ TDIV. 

227 
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APPENDIX B 

RADIOSONDE TEMPERATURE PROFILE DATA 

-.. 

h 
- ,  

i '  

\ 229 



, -

I ,  

i 

I . 

\' 

, " 

! . '  



Cape Canaveral (Cape Kennedy), Florida Radiosonde 

Temperature Prof i le Data 


23 1 




LRPE K.ENNEDY RADID5IINDE TEMPERFITLIRE P R n F l L L  I l f lTA 
JRN 13-111/ 1965 

0000Z JRN 1111 196% 
20 l200Z JRN 131 196% -20 

--ta 

16 --I 6 

-dL l  

I2 1- 1- t2  

I 0  --

E -+ 

6 -

q -

2 -i 

A+- 1 

-90 -10 -% 0 -30 -I0 10 30 
! --c---e--c--c--t+4 

-90 -70 -SI -30 -I0 I 0  30 

T M P E R R T U R E  (DEL il 



LRPE KENNEDY R R D  I LI5LINDE TEMPERRTURE PfUF I LE DRTR 
LIRN 22~1968  

lZl02 r iRN 221 1960 

20 -- 00002 JRN 22t1968 
I 

c 

6 

--I E 

4-12 

4-1 0 W 

-I- 0 

I
'1I2 

-sa -70 -E 0 -30 -10 I 0  30 
h3 I I I I I I 
W 
W -9EI -70 -z0 -30 -10 I 0  30 

TERPERRTURE (DEG CI 



LRPE KENNEDY RADIUSUNDE TEMPERRTURE PROFILE DflTA 

t lRN ZZ-Z l r  1970 


OOOOZ LJRN Z3r 1970 


I2002 LJBN 221 1970 


--IY 


-!-I2 


- r l0  

-- z 

-90 -70 -50 -30 -I0 0 I0 30 I 
 i 

-90 -70 3 0  -30 - I 0  I0 30 


TEHPERRTURE (DEE C )  



LflPE KENNEDY RflD IDSDNDE TEMPERflTURE P R U F  I LE  DflTfl 
FEK In-l I r  1965 

I2002 FE6 10, 1962 00002 E33 I I r l 9 K  tl1551NIj -:z0 

--I8 

“ - I f i  

--Iq 

“-1 2 
n 
r 

Y 
W 4-10 
W 
d 

3 

I--
I-

-I 8 

rc 


4 - a- Y 

il -- -- 2 

I I I 1 I L i 

-90 -70 -50 -30 -10 I 0  30 

JEHPERATURE (DEL C) 



[APE KENNEDY RRDIII5ONDE TEMPERRTURE PRnFlLE DFITR 
FEi3 i5f1965 

N 
w 
Q, 

00002 FEE3 2 Z r  1485: . 

- - i0 

-L e 

6 -L 4- 6 

4 -- -- Ll 

2 -- -- 2 

41 L 4 

-90 -70 -50 -30 -!O I0 30 


JEMPERRTURE (DEE C l  



LRPE K E N N U S Y  f tRDIU5DNDE TEMPERRTURE PRUFILE D R T R  
FEE 26r 1966 


i2002 FEB 26r 1966 


20 -- 00002 �E5 X r  I966 

i
\ 

--20 

--I8 

I \ 

-90 -70 -E0 -30 -I0 10 30 

c---e----t---c+---t---t-+---~-t+----I 


-90 -70 -50 -30 -l!d 10 30 


JEMPERRTURE (DEL C I  



e 

Y 

-- 

W E  KENNEDY RRDIO5ONDE TEMPERRTURE PRUFILE D R T R  
FEE 3-4, 1967 

I 2 0 0 2  FEB 3r 1967 

20 

I l l -+  -Ill 

I2 -- --I2 

. .  
r 

" 10-L --I0 c--l 

0 
I--
I

-J E 4- -- 0 

U 


-90 -10 -s0 -30 - 10 I0 30 
L L I - +  

-90 -10 -20 -30 -10 I 0  30 
I I I 

-90 -10 4 0  -30 - I 0  I0 30 
TEMPERRTURE (DEL C )  



.CAPE_ K E N N E D Y  R A D  I D5DNDE TEMPERRTURE PRDF I LE DRTR 
FEE3 111-151 196B 

IXI0Z FEE 1 % I968 

20 1- OOOOZ FE6 1 %  196E 20 

18 

16 

1'1 

12 

w 
l 0  w 

E 

6 


'1 

2 

-90 -70 -E0 -10 10 30 
t - :  1 I 

-90 -70 -20 -30 - I 0  I 0  30 
I 

-90 -70 -50 -30 -1 a E0 30 
JEHPERATURE (DEE C )  



Y 

LRPE KENNEDY RRDIII5UNDE TEMPERATURE PRIlFlLE DRTR 

FEK 27-2ef 1968 


E 


" 

-20 -70 - :-50 -30 -10 I0 30 4 


-90 -70 -20 -30 -10 I0 30 


JEHPERRTURE [DEL C) 



W E  K E N N E D Y  RRD I I I 5 D N D E  TEMPERRTURE PRDF I LE D R T A  
EU3 I l l  I969 

' 1200Z FEB I I r  1969 

OOOOZ FEB 1 I /  1969 r 
w a 

I--

--a 


--le 

A - I 2  

--I0 


I-

U 


-90 -10 -E0 -30 -10 I0 30
I I 1 I -I 

-90 -70 -50 -30 - I 0  .I0 30 ' 

TEHPERRTURE (DEL C) 


3 

1 



lRPE KENNEbY RRDlU5DNDE TEMPERRTURE PRDFlLE DRTA 
MAR : I /  196s 

20 
20T 00002 R A R  1 1 1  1965 

18 

I6 

I L l  

I2 

I0

W 

n 
1 


e -c \ E 

fi 
\ 

-1 9 

2 

-90 -10 -10 -30 -10 I0 30 


TEMPERRTURE (DEL 0 



I 

LRPE KENNEDY R R D  IO5LINDE TEMPERRTURE PRUF I LE DRTR 
flRR 31 1969 


I2002 t lRR 3, 1969 


00002 HRR 3 r  1969 \ 

h 

z 
Y 
Y 10 

w 

ch 


6 


-90 -70 -50 -30 -I0 10 30 

L I 
 i 


-9P -70 -50 -30 -I0 10 30 


JEHPERRTURE (DEE 0 



Y 

LRPE KENNEDY R R D l i l 5 U N D E  T E M P E R R T U R E  P R C F I L E  DITR 
RPR 13-14, 196T 

h 

2= 


" 
W 
n 
3 
I-
-

? -i 
-10 10 30-90 -70 -50 -30 : ----c------t-----+-----t---( 

-90 -70 -'in -3m - I 0  I 0  30 



[APE KWND'C R R D  1 IISONDE TUlPEARWRL PRDULE:.MTR 
RPR !i-li/1966 

20 20 

18 OOOOZ RPR 61 1966 18 

Ifi I6  

I4  I4 

Ii! I2 

I0 

A2002 RPR SI 1966 t l I55ING B 

fi 5 

4 Y 

z z 

1 L 

-90 -70 -20 -10 -10 I0 30 

JEHPERRTURE (DEE C )  



Y 

t 

CRPL KEN1\IEDLRRD I ll5LWDE TEMPERRTURE PRUF I LE DRTR 

flPR 7-9/ 1966 


00002 RPR 9, 1966 


I2002 RPR Rr I966 tll55lNG 

h 

I: 
" J-I0 
w
c1

1 
-

-L 


-90 -70 4 0  -30 -ID I0 30 
1 I 


-90 -70 -E0 -30 - 10 I0  30 

L I I 
 I 


-30 -70 4 0  -30 -I0 I0 30 

TEHPERRTURE (DEG C 1  




28 -- 

-- 

124- 

10-- 

0 -- 

6 -- 

q -- 

-I- 

12002 flPR 16r !957 

-- 

-- 

-- 

MPE. KENNEDY- RRD I Il5IINDE TEMPERflTURE PRIlF 1 LE DRTR 
flPR 16- 1 I r  1967 

l200Z APR 17r 1967 

28 -- 12002 flPR 16r !957 

--I E 

0 0 0 0 2  APR I7 r  I 961 n I 55 I NG --I6 

-LI 9 

l2J- --I2 

h 

r 

Y 
Y 10-- 1-10 
w
P 

3 

I--
I-
-1 0 -- a 
e 

6 -- 6 

q Li 

2 2 -I-

L 
-- 2 

I L 

-90 -70 -!i0 -30 -10 I0 30 
I I I 

-98 -70 -E0 -30 -10 l i l  30 



fRPE KENNEDY RRDID5DNDE TEHPERRTURE PRDFILE DRTfl 

RPR IEl-19r 1967 


00il02 RPR 131 1967 


20T I200Z RPR 181 1967 


6 -1 

u 
 ry
P 

-90 -70 -50 -30 - : 0  ;0 30 

L I I 1 I 


-90 -70 -!i0 -30 -10 I0 30 


TEIIPERRTURE (DEE C l  




-- 

LRPE KENNEDY RRDIR5DNDE TEMPERRTURE PRUFILE DRTR 
RPR '-I/ 1968 

lzpl0L RPR Lfr 1968 

1-20 

d- IB  

-12' 

h 

W 
5 I, 

-- 6 

-- Lf 

2 

-
790 -70 -50 -30 -I0 10 30 , I I 

-90 -10 -50 -30 -10 10 30 



-- 

LRP� KE"U1L R R D  I CI5UNDE TEMPERATURE PROF I LE DATA 
APR 2-3t 1969 

0000Z RPR 3r 1969 

12002 RPR 21 1969 

2z 
Y 
v --I0 
W 
CI 
=I 
I--
I-

-I E 

U 


-- 2 

-30 -70 4 0  -30 -I0 I0 30 
I L L L i 

-90 -70 4 0  -30 -10 I 0  30 

TEHPERATURE (DEE Cl 



W E  KENNEDY R R D  I fl5flNDE TEMPERATURE PRDF I LE D R T R  
MRY 301 1566 

20 -- 00002 RRY 301 1966 -20 

I2002 t l A Y  301 1966/ --I H 

-16 

4-19 

+I2 

4 0  -30 -18 I 0  30-911 -70 + - - + - - - - - - - - - - - + + P I  
-90 -70 4 0  -30 - I 0  I0 30 

TEMPERATURE (DEL C l  



LRPE KENNEDY RRDICl5UNDE TEMPERRTURE PROFILE DRTf l  
MRY I S - I 6 /  I968 

00002 HRY 16r 1968 

"' 


I-
-
Y 

U 


20I: 

- - I2 

--I0 

El 


-- 6 

-90 -10 -50 -30 - I 0  I 0  30
I I I- I 'I 

-90 -70 -20 -30 -10 I 0  30 

JEtlPERATURE (3EG C) 

i 



Y 

I- 

h 

r 

" 
w 
0 
1 
-
I

-1 
U 

L R P E  KENNEDY RADICI5UNDE TEHPERRTURE P R l l E l L L  DRTR 
HAY 5 r  1969 

IZ00Z H R Y  51 I969 

20 -- 00002 K A Y  Zr 1969 -2111 

--I6 

16 --I6 

I L t  - - I L L  

IZ --I2 

I0 


0 

6 

Lt 

2 

-30 -70 -50 -30 -I0 10 30 
t 1 J 

-30 -70 -5B -30 -10 10 30 

JEIIPERATURE (LEG C )  



LAPE K E N N E D Y  R R D I D 5 U N D E  T E M P E R R T U R E  PROFILE Df lT f l  
MAY 16/ 1967 


12002 nw iur 1969 

00002 HAY 18, 1969 


I 6  

I-
-I 0 -- -- flIT 


-90 -70 -50 -30 -10 M 30 

I 


-90 -78 -50 -30 -10 I0 30 


TEHPERRTURE (DEE C )  



.CAPE KENNEDY R R D  I D5UNDE TEMPERRTURE PRDF I L E  DRTR 
JUN l Y - i ! i /  1965 


W 
ry 

-50 -5 0 -30 - I D  10 30

-70 k ~ - + - - i - - + - - + - +  


-9e -70 -5e -30 -I0 10 30 


TMPERRTURE (DEL i l  



-90 

LRPE KENNEDY RRDIU5ONDE TEMPERRTURE PROFILE DRTR 
LJUN 20-21 I I968 

00002 JUN 211 l96B 

12002 CIUN Z 0 i  l96R 

-

z0 

18 


16 

I l l  

12 

10 	 W 
P 

e 

6 


q 

2 

-90 -10 -z0 -30 -10 10 30t- 1 
-9n -10 -z0 -30 -10 10 30 

ITIIPERATURE (DEL CI 



[APE KENNEDY RRDIII5DNDE TEMPERRTURE PRUFILE DflTR 
dUN 12-IIr1970 

28 -- 12002 J U N  121 1970 00002 JLlN 1 %  192El Kt551 NE 

-90 -10 4 0  -30 -10 I0 30 

JEHPERRTURE (DEE C) 




Y 

-- 

r\ 

II 


" 
w 
n
I 

t
-
t

-I
U 


LRPE KENNEDY RRDIII5IINDE TEMPERRTURE PRDFILE D I T 8  
LIUL 2-3/ 1965 

-20 

[El--

I 6  --

I Lf --I 9 

12-- --I 2 

10--	 --I 0 

-- Ei 

-90 -70 -50 -30 -10 10 3m 

TEMPERRTURE (DEti 0 



t 

18- 

-- 

-- 

-- 

LRPELKENNUL'C RRllIffiCLNI1E. TUIPERRTURE PRUFlLE DflTR 
LIUL 31/ 1965 

a-r 
I200Z lJUL 30/ 19fiz T'" 

IB--I- --I8 -I-18 
d-lfi 

- -1Y 

--I2 

n 
r 

Y 
W --I07-

I- B -.I- 00002 lJUL 30r 1965 tl15'ilNG -- a 


6A-


Y 


z 

-90 -70 -50 -30 - I  0 10 30 
tQen 

W 

JEHPERRTURE (DE5 C )  

6 



CAPE KENNEDY RAD I O5UNDE TEMPERATURE PRUF I LE DRTR 
JUL 51 1966 

I22l02 JUL 5, 1366 

00002 JUL E l  1966 I20 

I H  

I 6  

I Ll -1 

-112 

I0i- +I0 	 W 
00 

-1i 
"t 

~~--+---+----c---e---i L 1 :--i 
-30 -70 4 0  -30 -I0 10 3m 

TEilPERRTURE (DEE C )  



LRPE KENNEDY RRD 1 Il5flNDE TEMPERRTURE PRflF 1 LE_ DRTR 
JUL I i ! - - l3 /  1967 


12002 dUL 12/ 1967 


00002 dUL IL 1967 0000Z dUL 13/ 1967 


-90 -70 3 0  -30 -10 I0 30 

I I I I 
 4 

-90 -70 + :  -30 - :o 
# 

la 
I 

30 
I 

-s0 

-90 -70 -s0 -30 -I0 I0 30 

JEIIPERRTURE (DEE C) 




to 

0-2 

to 


LRPE K E N N E D Y  R I D  I U5IINDE TEMPERRTURE PRIIF I LE DflTfl 
LIUL 13-I'-I/ 1967 


00002 LIUL 1 %  1961 

I2002 JUL 1 3 r  I967 
I TZOi!OT 

" 
w 

n 
3 


-30 -10 3 0  -30 --I0 I0 30 

I 


I 

I I I 

-90 -70 -50 -30 - I d  I0 30 


JMPERRTURE ( D f G  C) 




LRPLKENNEDY RRDIII5UNDE TEIIPERRTURE PROFILE D R T R  
LIUL Z'i-ZEil 196E 


0000Z LIUL 261 1968 


R 

-30 -70 -50 -30 -I0 10 30 

t----t---t- : L I 


-30 -70 -E0 -30 -I0 10 30 


TEHPERATLIRE (DEE C) 



CAPE KENNEDY RRD I U5UNDE TEMPERRTURE PRUF I LE DRTR 
flUE i 1 1  1965 


I2002 flUE I I t  1965 

20 OOOOZ RUG I I /  1965 


I 6  

c\ 


r -r2
Y 
Y - 1 1  0 R 

I 

--t 6 


I 


-t . 
I 


2-k 
i -t 

L L 


-90 -70 -s 0 -35 - I D  im 30 

~ - - - c - - + - - - + - - + - + ~ - - - C - - - - c - - - i  


-90 -71 -!in -3m - I 0  10 30 


JEMPERRTURE ( B E L  C I  



LRPE K E N N E D Y  RRDIU5UNDE TEMPERRTURE PROEILL D R Z R  
RUG 19-20r I968 

00002 RUG 20t 196E 

20 -- la02 RUE 19t 19LE 20 


18 


I6 

ILI 

I2 

I0 

E 


6 


2 

-90 -70 -50 -30 -10 I0 30 

1 L I 


-90 -70 -s0 -30 -10 I0 30 

JEHPERRTURE (DEL C) 




CAPE KENNEDY RRbI USUNDE TEMPERRTURE PRDF I LE DRTR 
5EP 14, 1965 

N 

Q, 
Q, E2002 5EP I l l r  1965 

I

1-i-I 0 

-9D -70 -50 -30 - I 0  I0 30 
k - - - + - - - l - - - i - + - ~ - - ~  

-30 -70 -50 -38 - I 0  I 0  30 

JEMPERRTURE (DEL C )  



I- 

W E  KENNUL'L I Il5IlNDE TEMPERRTURE PRDF I LE DRTR 
5Ef 7 1  1967 

20 20 
I2002 5EP 7, 1987 

IH la 

I 6  I6 

1Lt Iq  

I2 I2 
h 

z 
Y 
W 10 I0  
w 
CI 
23 
-
I
-1 fl El 
E 

6 6 

Lt Lt 

if if 


-90 -70 -50 -30 - I 0  I0 30 



LRPE KENNEDY RRDID5DNDE TEIPERRTURE PRDFILE DRTR 

5EP I’i-12/ 1967 


0000Z 5EP l5r1967 


20 T 
I2002 5EP 1 %  1967 T 2 0  


-90 -70 -50 -30 -10 ; 0  30 

I I I L 
 I 


-90 -70 -s0 -30 -10 I0 38 


JEtlPERflTURE (DE5 C )  



Y 

[RPE .KENNEDY R R D  I U5DNDE TEIIPERRTURE PRDF I LE DAU 
5 E P  l ' i - l f i /  (967 

00002 5EP 16r 1967 

12002 5EP 1Zt19fi7 
zes-- --20 

IHJ - d b l  E 

JL16 

i-I2 

r 
" 4-10 

-90 -10 -!in -30 -I0 I0 30 
I I :-

-90 -70 -E0 -30 -in I 0  38 

TEHPERRTURE (DEE C )  



Y 

LRPE KENNEDY RRDIU5UNDE TEMPERRTURE PRllLlLLDRW 
5Ef' 19-20t I968 

00002 5EP Z 0 r  136B 
I2002 5EP 1 %  196B 

\ 

CI 

x 

" --I0 


I-
-I -- E 

U 


-- 6 


-90 -70 -s0 -30 -I0 I 0  30 

I I 
 I 


-90 -10 3 0  -30 -I0 10 30 


TEHPERRTURE (DEG C )  



LRPE KENNEDY RRDILl5LlNDE TEMPERRTURE PROFILE D R I R  
5EP Z'-L-;l!i/ 1969 

00002 5EP 2x1 1969 

78-- I2002 5EP 2% 1969 20 

10 

16 

I'! 

I Z  

z 
Y 
v 10 10 
w 
el


2 

l
-I E El 
U 

fi 6 

L1 

2 


-90 -10 -50 -30 - I 0  I 0  30 
- :  I : 

-90 -10 - 3 0  -10 - I 0  I0  30 

TEHPERATURE (DEL C )  



-- 

CRPE KENNEDY RRDIU5DNDE TEMPERRTURE PRl lF lLE I1RTfl 
ClCT 13-;20/ E365 

00002 UCT 20r 1962 
I2002 UCT 19r 1965 

2.0 

I 6  1
I i 

Iti -+ - 1  LL 

I2 -l- -112 
h 

5 ~ 

I 
~ 

1n-r --I0 

E -!- El 

d -- 6 
I 
I 
I 

I
li-t -- Y 

z -& -- 2 
I 

-I--- t-+---I------- d

-98 -70 -50 -30 - I 0  !0 30 
I--+------ ! c++ 

-90 -70 -50 -30 -I0 I 0  30 

I 



Y 

-- 

LRPE KENNEDY R R D  I Ci5llNDE TEMPERRTURE PRDF I L E  
LICT 26 i  1966 

I2002 UCT 26r 1966 

20 00002 UCT 26i I966 

18-' 

164


14-

r. 
E 

" 

-
I


e 


c :  ! ---l-----t----c-t--c----c---t 

D R T R  

--Zb 

-18 

4-1 6 

i - I 4  

I::: 

4- 6 

-90 -70 -50 -30 - I0 10 30 
C-+---t---+- : -+-----i 

-sa -70 -50 -30 -I0 10 30 

TEMPERRTLIRE (DEL C l  

-1 



LRPE KENNEDY RRD I Il5IlNDE TEilPERflTURE PRnF 1 LE DATR 
I lCT 16-171 1967 

00002 . U T  I 7r I967 
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