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TECHNICAL MEMORANDUM* 

SURFACE TO 30 km W I N D S  FOR KENNEDY SPACE CENTER, 
FLOR I DA, AND VANDENBERG AFB, CALI FORN IA 

INTRODUCTION 

This document updates two previously published documents 11.21 and 
presents empirical, bivariate normal ( ~ a u s s i a n )  wind component statistics for 
Kennedy Space Center ( KSC) , Florida, and Vandenberg AFB ( VAFB) , Cali- 
fornia, for altitudes 0 through 90 km. The bivariate normal statistics for all 
months, ,January through December, for the 90 degree flight azimuth are given 
in tabular form as well a s  presented in figures. The normal distribution was 
not applied to the annual reference period since this is a heterogeneous sample 
and should not be represented by a univariate statistical model. 

The standard meteorological notation for this 90 degree flight azimuth 
defines u as the zonal wind component (+ from west) and v a s  the meridional 
wind component (i from south). The sample estimates of the theoretical mean 
p are  and c .  The sample estimates of the theoretical standard deviation 
o of the zonal and meridional wind components a r e  S(u) and S(v) , respec- 
tively. R(uv) is the sample estimate of the theoretical correlation coefficient 
between u and v, while N is  the sample size, The five statistics ii, V, ,C,(u), 
S( v) , and R (  uv) completely define a bivariate normal elliptical distribution. 
From these five parameters the probability distributions described by Smith 131 
and the statistics for any rotation of the orthogonal axes through any arbitrary 
angle a, , presented by Falls and Crutcher 14 j , can be computed. This interest 
is motivated from an application of wind component statistics with respect to any 
flight azimuth of an aerospace vehicle. Because of this important application, 
the necessary expressions for this operation, giver. in Reference 4, a re  rcpeated 
here, Presented a re  the final rotational equations for the means, variances, and 
correlation coefficients: 

1) Rotation of the means through o degrees: 

C = u' cos (90 - a) + v' sin (90 - a) 
a 

v' = Vcos (90 -a) -Ga in  (90 - 0 )  
ff 

* This document supersedes TMX-64771 11) and TMX-64897 [ 2 )  and should be 
used in place of them, 



2) Rotation of the variances through a degrees: 

s ( u ) ~  = s(u)' cos2 (90 - a )  + ~ ( v ) '  sin2 (90 - n )  

i BR(uv)~(u)S(v) cos (90 - a )  sin (90 - 0 )  

~ ( v ) :  7 ~ ( v ) ~  cost (90 - n )  ~ ( u ) '  sin2 (90 - a )  

- ~R(UV)S(U)S(V)  cos (90 - a )  sin (90 - n )  . 
3) Rotation of the linear correlation coefficient R(uv) through n 

degrees : 

where S(uv) is the rotated covariance expressed as: 
CY 

S(uv) = S(uv) lcos2 (90 - rv ) - sin2 (90 - n ) 
a' 

+ cos (90 - cu ) sin (90 - a ) ( ~ ( v ) '  - ~ ( u ) ? )  1 

and 

By using these rotational equations, the bivariate normal distribution with 
respect to any desired rotated coordinates can be obtained from sample estimates 
that have been computed with respect to a specific axis. The marginal distribu- 
tions after rotation are also normally (univariate) distributed. By using the 
rotational equations, computational efforts are greatly reduced for applications 
requiring statistics with respect to several coordinate axes. 

DATA USED 

This report updates the empirical wind data samples previously used 
from 0-27 and 28-70 km altitude regions for KSC and VAFB, with the data 
presented being extended to 90 km altitude. Both 0-27 km data samples used 
serially complete data with 13 880 observations ( N )  extending over a 19-year 



period (January 1956 through December 1974) available at  all  28  altitude levels 
for  KSC, and N .= 7 304 observations from January 1965 through December 1974 
for VAFB. The serially complete data a r e  obtained from twice daily radiosonde 
balloon releases at each site, with the exception of KSC relcascs between 
January 1963 and December 1966 when four daily soundings were obtained. 

An 8-year (1969-1976) rocketsonde data sample, consisting of nonserially 
complete wind observations that decrease in number versus altitude, was used 
between 28 and 90 km for both sites. The number of rocket wind observations 
varied with month and especiallj* with altitude. These data a r c  presented up to 
90 km altitude if more than two observations were available. Point Mugu, 
California, rocketsonde data wcre used for the Vandenberg 28 to 90 km statis- 
t ics  becausc it was the closest rocketsonde observational site to VAFB. 

All wind data used in this study wcre originally recorded a s  vector winds 
(wind speed and corresponding direction). These vector winds were subse- 
quently resolved into conlponents along the azimuths cu = 90 degrees and 0 = 

360 degrees ( true north) . 
Over the last 10 years  the Meteorological Rocket Network (MRN) ranges 

have been measuring thc upper atmosphere with instrumentation sent aloft by 
more powerful metcorological rockets, such a s  the Super Loki System. This 
allows for the measurement of the atmospheric properties in excess of 90 km 
altitude, which i s  far above the previously limiting altitude of approximately 
60 km that had been attained by conventional Arcas and Loki type MRN rocket 
systems in the ear l ie r  days of high-altitude atmospheric data gathering. One 
item that the new MRN data show is that the altitude of maximum wind speed i s  
a little higher than previously thought. The early M R N  data seemed to indicate 
the altitude of max wind speed ( above the jet-stream winds) band to be located 
between 55 and GO km altitude, since observations were limited, and question- 
able, above the 60 km level a t  that time. The newer rocket vind data sample 
for these two si tes  indicates the peak to be located between the 62 and 65 k n ~  
level for most months of the year. This is another reason for updating the 
winds-aloft information for the two sites. 

DATA PRESENTED 

From previous studies 1 1,2] it has been determined that the normal 
distribution provides a reasonable and adequate model for fitting surface and 
aloft wind components at KSC and VAFB locations. This bivariate normality 



assumption i s  used in this report. The reader should consult these two refer- 
ences for more information on the type of normality statistical testing done. 

The bivariate normal statistics for all months a r e  presented in Tables 
1.1 through 1.12 for KSC and in Tablee 2.1 through 2.12 for VAFB. They a r e  
given for a Sodegree  flight azimuth (a = 90 degrees),  which i s  the standard 
meteorological notation that defines 11 a s  the zonal wind component (head-tail 
wind) and v as the meridional wind component (crosswind), where a positive 
(+) u indicates a wind from the wcst and a positive (+) v indicates a wind from 
the south. The wind components presented in this report a r e  given in units of 
meters per sccond. Even though small wind data samples exist in the 70 to 90 
km altitude interval, all the rocketsonde wind data a r e  presented here,  if more 
than two observations were available. 

The monthly bivariate normal statistics a r e  also plotted versus altitude 
in Figures 1.1 through 1.12 and Figures 2.1 through 2.12 for the KSC and VAFB 
locations, respectively. The figures associated with the proper tables a r e  
printed on :uccessive pages in this report. The reader may notice the e r ra t ic ,  
unrealistic t;. 1 ~ 4 i o r  of thc paramcters [especially R(uv) ] from time to time a t  
thesc higher altitudes due to the low number of observations used. Errat ic  
jumps, o r  spikes, noted in the figures between 27 and 28 km are  due to the 
large decrease in data sample size (radiosonde to rocketsonde) that occurs at  
this level. 

At mid-latitudes in the northern hemisphere easterly winds prevail 
throughout the upper stratosphere and mesosphere during the summer months. 
while westerly winds dominate the winter months[ 5.61.  This seasonal upper 
level circulation pattern change is the result of the changing thermal structure 
of the upper atmosphere. which establishes an anticyclone over the northern 
hemispheric summer p d e  and cyclonic flow around its :'inter pole. The transi- 
tion months of approsimately April and September may exhibit a slightly differing 
and somewhat e r ra t ic  structure of rocket measured winds because this i s  a time 
of the winter westerly's changing over into the summer easterly regime (o r  
vice-versa) at these altitudes. A typical winter to summer change-over in the 
upper-level wind field at KSC is  shown and discussed in Reference 7. Using the 
five parameters at azimuth 0 = 90 degrees. the statistics for any rotation of 
axes of the bivariate normal surface may be obtained [ 41. 



CONCLUSIONS 

Care must be cxerciscd in deciding which i s  a "best1' model for a random 
variable. The question i s  not "Do the data come from some specified distribu- 
tion ?" because one can never be sure  they do; but rather "Is some specified 
distribution a reasonable model for the description of the data?" If the physical 
constraints for the random variable a r e  satisfied by a hypothetical distribution 
and after repeated sampling of this random variable it is  found that the hypo- 
thetical distribution cannot be rejected by an appropriate statistical test, then 
one may reach the conclusion that this hypothetical distribution i s  an adequate 
model for the random variable under investigation. 

Wind velocity components a r e  variables that a r e  unbounded at both ends. 
This constraint i s  satisfied by thc normal distribution whose domain i s  from 
minus infinity to plus infinity. The use of the Gaussian model has a number of 
advantages. For  example, if the wind components u and v a re  normaiiy 
distributed, the scalar wind, 

has  a noncentral chi distribution. From a theoretical point of view, this prop- 
e r ty  of the normal distribution illustrates one of i ts many advantages a s  a 
statistical model to represent random variables. 

Winds-aloft information is presented in this report from 0 through 90 km 
altitude. Bivariate normal wind statistics involving wind probability .!,stribu- 
tions and statistics for any rotation of axes can be computed from the five given 
statistical  parameter^, C, 7, S(u) , S(v ) ,  and R(uv) for a 90-degree flight 
azimuth, because it had been previously determined that the normal distribution 
provides an adequate model for wind components at KSC and VAFB. 

Bivariate normal wind statistics a r e  also available from 0 to 27 km 
altitude for the Edwards AFB/NASA-Dryden Flight Research Center, California, 
a s  presented in Reference 8. The 28 to 90 km altitude Vandenberg AFB wind 
statistics givtd in ;his report can be used for the >27-km altitude region at 
Edwards AFB. 



TABLE 1.1. KSC BIVARLATE NORMAL, WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 

January 
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Table 1.2. KSC BIVARIATE NORMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMLTTH 

February 

Flluv) I N Alt Irm) 
- 
U 

- 
V Slu) Slv) I 





'I'Anl,E 1.3. I S C  BNAIZIATE NOl<R'IAI, WIND STATISTICS, 
90 DEC;REE FI,I<;11T A'CIRIIITH 





TABLE 1.4. S C  BIVARIATE NORMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 

April 





TABLE 1.5. KSC BIVARLATE NORMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 

May 





TABLE 1.6 ,  KSC BIVARIATE NORMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 





TAl3I.E 1 .7 .  KSC BIVARIA'I'E NOIIMAL WIND STATISTICS, 
90 DEtiIiEE FIJGi1'1' AZIh41!TI1 









T.IB1.E 1.3. KSC BIVARIATE NORMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 

September 

Alt (km) ii v 
- Slu) Slv) R h v )  I N 





1 E  1 . 1  liSC BIVARIATE NOlZhlAL WIND STATISTICS, 
90 DEGREE FLIGHT AY IRII"I'I1 

October 

Alt lkm) Rluv) 
- 
u N - 

Y S(u) I Slv) 
.- 





'I'ARLE 1.11. IiSC BIVARIAI'E NOl<RIAI, \"IXLl STATISTICS, 
90 DEGREE FLIGHT A'CIhIUTH 





TABLE 1.12. KSC BIVARIATE NORMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 

December 

N Alt Ikm) 
- 
u - 

v Slrl S(ul Rluvl 





TABLE 2 . 1 .  VAFB BIVARIATE NOIjXIAL WIND STATISTICS, 
90 DEGREE FLIGHT AZlAll!TH 





TABLE 2 .2 .  VAFB BIVAIIIATE NO17 MAL WIND STATISTICS, 
90 DEGIjEE FLIGHT AZIMITTH 

Fcbrunry 

Alt lkml 
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- 
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w N Slu) 





TAR1.E 2 .3 .  VAFB BIVAIZIATE NO13MAIA WIND S'TA'I'ISTICSs 
DO D E G R E E  FIXI i '1 '  A'/IhII~'rIl 





T A B L E  2.4. VAFB RIVARIATE NORMAL WIND STATISTICS, 
90 DEGREE F L I G H T  AZIMUTH 

April 
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\  4  
I  4  
I  4  
I  4  
I 4  
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TABLE 2 . 5 .  VAFB RIVARIATE NORh , WIND ETA'NSTICS, 
90 DEGREE FLIGHT AZIMUTH. 





TABLE 2.6.  VAFB BI\'AI~IATE NOIIMAL WIND STATISTICS, 
90 DEGREE FLIGHT AZIMUTH 





TABLE 2 .7 .  VAFU BIVARIATE NORMAL WIND STATISTICS, 
90 DECREE FLIGHT AZIMllTH 

J u l y  



l t l  



TABLE 2.8.  VAFB BIVAIZIATE NORMAL \VIND STATISTICS, 
90 DEGREE FLIGHT AZIhIWIi  

August 





TABLE 2.9.  VAFB BIVAlZlATE NOIIhlAL WIND STATISTICS, 
90 DEGIZEE FLIGHT AZIhlUTH 







No vc mbc r 
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