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16. Abstract S t a t i s t i c a l   c h a r a c t e r i s t i c s   o f   s t e a d y   s t a t e   w i n d s ,   g u s t s  and  wind shears  observed  over 
Cape  Kennedy, F lor ida,   and  Point  Mugu, Ca l i f o rn ia ,   w i th   J imsphere   ba l l oon   sensors   a re   desc r ibed .  Gus; 
in   J imsphere  wind  prof i les   as  v iewed  in   the time coord ina tes   o f  a Sa tu rn   veh ic le   were   i so la ted  from 
t h e   o r i g i n a l   p r o f i l e s   w i t h  a 33   we igh t   d ig i t a l   h igh   pass   f i l t e r   w i th   neg l i g ib le   t ransmiss ion   o f   w ind  
f l u c t u a t i o n s   a t   f r e q u e n c i e s   l e s s   t h a n   0 . 1 5   c p s .  The d i s t r i b u t i o n   o f   g u s t   v a r i a n c e  computed f o r   t h r e e  
10 -second   i n te rva l s   o f   Sa tu rn   f l i gh t   t ime   fo r  Cape  Kennedy p r o f i l e s  w a s  found  to  be  log-normal. Maxi. 
mum a b s o l u t e   g u s t s   i n c r e a s e d   w i t n   a l t i t u d e   f o r   a l t i t u d e s   f r o m  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 to   15  km. The d i s t r i b u t i o n   o f   s p e c -  
t rum  dens i t ies   o f   gus ts   computed a t  f requencies  f rom  0.3  to  3 cps  for   900 Cape Kennedy p r o f i l e s  
dec reases   w i th   i nc reas ing   f requency   a t  a r a t e   p r o p o r t i o n a l   t o   t h e   - 2 . 9  power o f   f requency   f o r   f re -  
quencies  from 0.6 t o   2 . 1   c p s ;   a t   f r e q u e n c i e s   g r e a t e r   t h a n   2 . 1   c p s ,  a power l a w  r e l a t i o n  i s  not  suppor '  
ted  by t h e   r e s u l t s .  When spec t rum  dens i t ies   were   g rouped  w i th   respec t   to   dec i les   o f   w ind   speed  and 
var ious   w ind   shears ,   they  showed a tendency   t o   be   l a rge r   a t   t he   h igh   dec i l es .  A p re l im inary   s tudy   o f  
a method for   mathemat ica l   representat ion  o f   observed  gust   funct ions  suggests   that   the  method  can  be 
app l i ed   t o   J imsphere   w ind   p ro f i l es   t ha t   a re   c lose ly   spaced   i n   t ime .   S teady   s ta te   w inds   f o r  794  Cape 
Kennedy pro f i les   tha t   were   comple te   be tween 4 and  15 km, computed  by s u b t r a c t i o n   o f   t h e   g u s t  componenl 
f rom  the   t o ta l   w ind ,   were   i n  good agreement   wi th   the  annual   wind  speeds  o f   the  At lant ic   Miss i le  Range 
Reference  Atmosphere  for  the 50 percent   cumula t ive   f requency ,   bu t   were   s ign i f i can t ly   smal le r   fo r   the  
90,  95,  97.7  and 99 percent   cumulat ive  f requencies.  A s t u d y   o f   t h e   c l i m a t o l o g i c a l  means  and s tandard  
dev ia t ions   o f   the   magn i tude  o f   the   vec tor   shear  a t  a l t i t u d e s   o f  8 and  15 km i n d i c a t e s   t h a t   t h e y   c a n  
be  descr ibed by  power l a w  f u n c t i o n s   o f   l a y e r   t h i c k n e s s   t h a t  are n e a r l y   a l i k e   f o r  Cape  Kennedy  and 
Point  Mugu, b u t   a r e   s i g n i f i c a n t l y   d i f f e r e n t   f r o m   t h o s e   d e r i v e d   f r o m  a few summer p r o f i l e s  by o t h e r  
workers. A method f o r   p r o f i l e   s a m p l i n g  i s  developed  which  prov ides  prof i le   sample sets t ha t   rep resen l  
5 c r i t i c a l   c h a r a c t e r i s t i c s   o f   t h e   p a r e n t   p o p u l a t i o n .  A t e s t   o f   t h e  method c o n s i s t i n g   o f  a comparison 
o f   t h e   d i s t r i b u t i o n s   o f   s p e c t r u m   d e n s i t i e s   b e t w e e n   0 . 3  and 3.0  cps  of  5 sample sets ,  each composed of 
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ABSTRACT 

S ta t i s t i ca l   cha rac te r i s t i cs  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof s teady   s ta te  winds, gusts zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand wind shears 

observed  over Cape  Kennedy, Flor ida and Point KI~LI, California  with  Jimsphere 

balloon  sensors  are  described.  Gusts  in  Jimsphere wind pro f i les  as viewed 

in  the  t ime  coordinates of a Saturn  vehicle were iso la ted from the   o r ig ina l  

p ro f i les  with a 33 weight d ig i t a l   h igh   pass   f i l t e r  with negl ig ib le trans- 

mission of w i n d  f luc tuat ions  a t   f requencies  less  than zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.15 cps. The distri- 

bution  of gust variance  cmputed  for  three  ten second in te rva ls  of Saturn 

f l i g h t  time f o r  Cape  Kennedy pro f i les  was found t o  be  log-normal. MaxFmum 

absolute gusts increased with a l t i t u d e   f o r   a l t i t u d e s  from 4 t o  15 km. The 

d is t r ibu t ion  of  spectrum dens i t ies  of gusts computed at   f requencies from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0.3 t o  3 cps f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 0  Cape  Kennedy prof i lesdecreaseswi th   increas ing  f re-  

quency at a ra te   p ropor t iona l   to   the  -2,g power of frequency for frequencies 

from 0.6 t o  2.1 cps; at   f requencies  greater  than 2.1 cps a power law re la t ion  

is  not  supported by the resul ts.  When spectrum  densities were grouped wi th  

respec t   to   dec i les  of wind  Fpeed and various wind shears  they showed a 

tendency t o  be larger   a t   the  h igh  dec i les.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A prelbninary  study of a method f o r  mathematical  representation of  observed 

gust  functions  suggests that the method can  be  applied t o  Jimsphere wind 

pro f i les   tha t   a re   c lose ly  spaced i n  time. 

Steady  s ta te winds f o r  794 Cape  Kennedy pro f i les   tha t  were  complete  between 

4 and 1 5  km, computed by subtract ion of the gust component from t h e   t o t a l  

wind, were i n  good agreement with the annual wind speeds  of  the  Atlantic 

Missi le Range Bference Atmosphere for the 50 percent  cumulative  frequency 

but were s ign i f icant ly   smal ler  f o r  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9, 95, 97.7 and 99 percent cumu- 

lat ive  f requencies.  

A study of the  climatological. means and standard  deviat ions of the magnitude 

of the  vector  shear at a l t i t udes  between 8 and 15 km indicates  that   they can 
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. .  . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

be  described  by  power law functions  of  layer  thickness  that  are  nearly  alike 

for Cape  Kennedy zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand Point Mugu but  are  significantly  different  from  those 

derived  from a few summer profiles by other  workers. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A method  for  profile  sampling  is  developed  which  provides  profile  sample 

sets  that  represent  five  critical  characteristics of the  parent  population. 

A test  of  the  method  consisting  of a comparison of the distributions  of 

spectrum  densities  between 0.3 and 3.0 cps  of  five  sample  sets,  each  com- 

posed  of 25 profiles,  to  the  corresponding  distributions  of  the  entire 

population  indicated  that  the  spectrum  distributions  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAany of  the  five 

sample  sets  offer a fair  approximation  to  that  of  the  whole zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 0  profile 

parent  population. 
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Section 1 

INTRODUCTION 

The character is t ics  of wind f luctuat ion6  that   are  important  in  space 

vehicle  design zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand operation must be known with  suf f ic ient   accuracy  to 

assure a m i n i m u m  r i s k  of c r i t i c a l   e l a s t i c  and control m o d e  responses. The 

development and use  of  roughened  super-pressure  (Jimsphere)  balloons  with 

m i n i m a l  self induced  notions  that are tracked  with  advanced radar systems 

represents a s ign i f i can t  advance towards increasing  the  accuracy  of  routine 

measurements  of the  hor izontal   vector w i n d  as a f luctuat ion of a l t i tude .  

The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1194 Jimsphere  profi les  taken  over Cape  Kennedy, Flor ida between Nov. 

1964 and May 1967, were the  subject   of  a detai led  study by  Adelfang, 

Ashburn, and Court (Re f ,  1). Two aspects of that   study which are   fu r ther  

developed i n  this report   'are  the  analysis  of   gust   prof i les computed from 

Jimsphere wind profi les  expressed as a function of Saturn  vehicle  t ime 

coordinates  (Section 2)  and the  study of the magnitude  of the  vector wind 

shear  over  various layer thicknesses  (Section 4); the  la ter   s tudy  inc ludes 

a set of 83 Jimsphere  profi les  taken  over  Point Mugu, California. The 

pr incipal  a i m  of these  studies  has  been  to  derive,  from  the  entire set of 

ava i lab le   p ro f i les ,   s ta t i s t i ca l   charac ter is t i cs   tha t   a re   use fu l   fo r   space,  

vehicle  design and operation, However, in   addi t ion,  it i s  often  desirable 

t o  have the  capabi l i ty   of   select ing a re la t i ve ly  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs m a l l  sample of p ro f i les  

which represent   the   c r i t i ca l   charac ter is t i cs  of  the  large  parent sample; 

in   Sect ion 3, a s e t  of c r i t i c a l  and test   character is t ics   are  suggested and 

a methodology is  described and tested  for   se lect ing  prof i le   sub-sets .  

In Section 5 a prelFminary  study is presented  of a method for  represent ing 

.gust  flmctions  observed i n  Jimsphere wind prof i les ,  The theory and or ig ina l  

appl icat ion  of   the method by Dutton (Ref. 2)  and i t s  app l ica t ion   to  groups 

of  Jlmsphere prof i les  c losely  spaced in t h e  are discussed. 
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Section 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ANALYSIS OF GUSTS DERIVED FROM JlMsPHERE W I N D  PROFILFS 

TRANSFORMED TO VEHICiX TlME COORDJXKE3S 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 1 INTRODUCTION 

Past  analyses of  Jimsphere pro f i les  have resul ted in the  der ivat ion of 

s t a t i s t i c s  which are   va l id   fo r  wind f luctuat ions  descr ibed  in   a l t i tude 

coordinates;  for example Endlich e t  d, (Ref. 3 ) who studied  three 

pro f i le  sequences,  each composed of 4-6 prof i les,  found tha t   there   a re  

no consistent or well-defined  spectrum  peaks that ind icate  natura l  

separations between scales of motion zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand that the  parer  spectrum  density 

decreases  with  increasing  frequency a t  a ra te   p ropor t iona l   to   the  -2.5 

t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-3 power. Although  these and o ther   s im i la r   resu l ts   a re   in te res t ing  

from  a meteorological  point  of view they   a re   no t   s t r i c t l y   app l i cab le   in  

describing  the wind f luctuat ions that are  seen by an accelerating  space 

vehicle.  For  this  study, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 Cape  Kennedy J h s p h e r e  wind pro f i les  were 

used as  bas ic   data  for  an analysis of wind f luctuat ions  as viewed by a 

Saturn  vehicle. 

2.2 GUST PROFIG3 DEFINITION 

The frequency  response  of  space  vehicles t o  wind f luctuat ions i s  a function 

of control and s t ruc tu ra l  mode charac ter is t i cs  which are  near ly  uni form  for  

a par t i cu la r   c lass  of vehicles. These vehicle  response  characterist ics  are 

usually  defined  in  terms of temporal  frequency, f (cps ), ra ther   than  spat ia l  

frequency, K (cycles  per  meter, cpm). A s  a vehicle  ascends w i t h  ve r t i ca l  

velocity, v (t) ,  through  the  atmosphere, w i n d  f l uc tua t i ons   a t   spa t i a l   f r e -  

quency, K, are seen by the  vehicle  at  frequency, f ,  given by 

f = K v (t)  
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Thus, f o r  example, the   f luc tua t ions   in   the  wind pro f i le  at  K zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 2.74.1~)-~ 

(cpm) as  seen by a  Saturn  vehicle  increase  from f = 0.534  cps a t  4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm 

(v  = 195m/sec) t o  f = 1.00 cps a t   1 2  km ( v  = 365m/sec). S ince   the   f i r s t  

bending mode frequency  of  a  Saturn 5 vehicle is  approximately 1 cps  the 

f luctuat ions at K = 2.74.10-3  (cpm) a r e  more important a t   1 2  km than a t  

4 km. It is obvious that innumerable  Spatial  frequencies  exist  for a 

par t i cu la r   c r i t i ca l   va lue  of  temporal  vehicle  response  frequency.  There- 

fo re  it is necessary  to   t ransfom  the  spat ia l   f luc tuat ions of wind pro f i les  

t o  temporal  f luctuations  as  seen by the  vehicle. 

The general  procedure  suggested by Adelfang,  Ashburn, and Court  (Ref. 1 ) 

for   der iv ing gust pro f i les  is used fo r   th is   s tudy  of  Jimsphere wind prof i les .  

The pr incipal   steps  in  the  der ivat ion  are  the  t ransformat ion of Jimsphere 

pro f i les   to   a   veh ic le  time  coordinate  system,  definition of the wind f luctu-  

a t ions of i n te res t ,  and d ig i ta l   h igh  pass  f i l ter ing.  

Jimsphere w i n d  pro f i les  were  transformed to   vehic le  time  coordinates by 

evaluating them at a l t i tudes ,  Z, (km.) corresponding to  the  t ime, t (sec) ,  

from launch a t   i n t e r v a l s  of t h e ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAt  (see),   according  to  the  least   squares 

quadratic f i t   t o   t h e   S a t u r n  AS-504 trajectory  g iven by Jacobs  (Ref. 4 ). 

, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Z calculated from  Equation  2.1  deviates  less  than 1.7$ from the "504 
t ra jec to ry  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfor the  t ime  interval  from ' jo t095 seconds(Z = 3.855 t o  18.530 

km). The t ime  interval  A t  was chosen s m a l l  enough t o  include all Jimsphere 

data up t o  17.2 km. Assuming t h a t  a Jimsphere  profile  contains  independent 

est imates of wind over 75m al t i tude  in terva ls ,   the  t ime  in terva l ,  A t  (sec) ,  

between  independent wind estimates zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA88 seen by a vehicle is  75/v( t ); a t  17.2 

km, for   Saturn AS-504, v ( t }  = 450  m/sec and thus A t  = 1/6 second. 

The transformed wind p ro f i l e  is  an approxhat ion of the  prof i le  "seen" by 

the  vehicle;  the  accuracy of the approximation for  space  vehic le  studies is zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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not  yet known and may zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAonly be  determined when t h e   s t a t i s t i c s  of vehicle 

responses  derived  from  simulated  f l ights  through  Jimsphere wind pro f i les  

are compared t o   t h e  same s ta t i s t i cs   der ived  from wind profi le  data  obtained 

from sensors which t raverse  the atmosphere i n  space-time  coordinates that 

a r e  similar t o  those zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof space  vehicles. 

The f luctuat ions of i n te res t  which w i l l  be  referred  to  as  gusts  are  charac- 

ter ized by the i r   in f luence on space  vehicle  control and s t ruc tu ra l   exc i ta t ion  

frequency modes. For a Saturn  vehic le  s igni f icant  response  to wind f luctu-  

at ions  occur  at   the  control   f requency (-0.2 cps) and a t   t h e  first and second 

bending mode frequencies (- 1,2 cps). Wind pro f i les  which  have f luctuat ions 

at   f requencies 2 0.2 cps are  defined  as  gust  prof i les. Gust p ro f i les  were 

calculated by appl icat ion of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 33 weight d ig i ta l   h igh  pass f i l t e r  which has 

a t r a n s f e r   f i c t i o n  of the  form 

(2.3) 

where f = frequency  (cps ) 

Since  fs,  the  data  sampling  frequency is 6 sec  Equation  (2.3)  reduces to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-1 

46.535 o 2  

H ( f )  = 1 - e  

The 33 point   weight ing  funct ion  ( l is ted  in  Table 2.1) fo r   the  hlgh pass 

f i l t e r  was calculated by subtracting  the  weighting  function of the low pass 

f i l t e r   desc r ibed  by Alfriend  (Ref. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ) from the  weighting  function of an 

all p a s s   f i l t e r   ( a n   a l l   p a s s   f i l t e r  has weights  equal to  zero  except  for- 

the  middle  weight which is uni ty) .  The t ransfer   funct ion of the  Alfr iend 

luw pass f i l t e r   f o r   f s  = 6 sec is 
-1 

- (6.535 f ) *  
H (f) = e 

The transfer  funct ions of the  high and  low pass  f i l ters   descr ibed by Equations 

2.4 and 2.5 a r e   i l l u s t r a t e d  i n  Figure 2.1. 

4 



TABU 2.1 

TIME 

t 

- A t ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ A t  

-ZAt, + ZAt zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 

0 

0 

0 

0 

0 

0 

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e 

-dt, + nAt 
0 

0 

0 

-16At, + 16dt 

33 WEIGHT DIGITAL   H IGH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPASS F I L T E R  

WITH TRANSmR  FUNCTION  GIVEN BY 

EQUATION 2.4; A t  = 1/6 SEC. 

NUMERICAL WEIGHTS 

0.951844 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-0 O4fl48 
-0.046936 
-0.045453 
-0.043457 
-0.041013 
-0.038222 
-0.035162 

-0- 031935 
-0.028634 
-0 - 025 346 
-0.022151 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-0.01 9110 
-0.016288 
-0.013689 
-0.011364 
-0.009314 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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The re la t ion  between the low and h igh  pass  f i l tered  prof i le  and t h e   t o t a l  

p ro f i l e  i s  i l l us t ra ted   i n   F igu re  2.2 f o r  Cape  Kennedy Jimsphere  prof i le zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
# 477; the  total   prof i le  t ransformed t o  Saturn AS-504 time coordinates i s  

represented by the   so l id  l ine; the  low  frequency o r  low pass  f i l tered 

p ro f i l e  which has been  termed the  steady state wind prof i le  wi th  respect 

t o   t he   Sa tu rn  AS-504 i n  Reference 1 is  i l l u s t r a t e d  by the  dashed zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAline; the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
gust or  h igh   pass   f i l te red   p ro f i le  which is t he   t o ta l   p ro f i l e  minus the  

low  pass f i l t e r e d   p r o f i l e  is  i l lus t ra ted  across  the  top  o f   the  f igure.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2.3 STATISTICAL ANALYSIS 

2.3.1 Introduction 

The  Cape  Kennedy J h s p h e r e  wind speed  profi les,each decomposed i n t o  a low 

frequency  steady state component and a high  frequency  gust component 

according t o   t h e  method described  in  the  previous  section,were  analyzed t o  

determine  the  distr ibution  of,  gusts and steady  s ta te winds as a function 

of a l t i tude,  gust   var iance as a function  of  Saturn AS-504 f l i g h t   t h e  

interval ,  and the  power spectrum  densit ies ( P S D )  of  gusts. The d i s t r i -  

bution  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPSD's of gusts were computed f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 0  pro f i les   tha t  were  complete 

between 1 and 14 km. ??le d is t r ibu t ion  of F'SD'S were a lso  computed f o r  sub- 

se ts  of 9 prof i les  associated  wi th  the  deci les of maximum wlind speed and 

maximw 100, 4-00, 1,000 and 3,000 m vector  shears  (for winds increasing 

with  height)  computed for  each of the 9 0  profi le  parent  populat ion. 

Additional PSD calculat ions  used  to  ver i fy  the  technique  for   select ing 

representat ive  prof i le  sub-sets are presented  in  Sect ion 3. 

2.3.2 Dietr ibut ion "" of  Steady  State W i n d  Speeds,  Gusts, and Gust  Variance 

The percent i le   d is t r ibu t ions  of s teady  s ta te wind speeds and gusts as a 

function of a l t i t u d e  are i l l us t ra ted   i n   F igu res  2.3 and 2.4. The percent i les 

were computed fo r   t he  794 pro f i les  which had s teady  s ta te and gust  data 

between 4 and 1 5  irm. The percent i les are p lot ted at  a l t i tude   in te rva ls  of 

7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 1 4 5  6 7 8 O l o l l l z  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
TRlBUTlON  BY  MONTH OF JIMSPHERE SOUNDINGS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Figu2e 2.3 Cistribution zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof Steady State Winds as a Function of Altitude Com- 
pu+,ed from 794 Cape Kennedy Jimsphere Profiles; at Lover Left 
Distribution by Month of the 794 Profiles Used; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAlso Illustrated 
are the Annual and Biased Annual IRIG Wind Speeds for Cape  Kennedy 
(Ref. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.j ). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-6 - <  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt 

4 

GUST SPEED! (MISEC) 
I 

-2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Figure 2.4 Distribution of Gusts as a Function'of Altitude Computed from 
794 Cape Xennedy Jimsphere Profiles;  the Distribution by Month 
of the 794 Profiles is Illustrated in Figure 2.3 
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1 km between 4. and 15 km, and 100 m between zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11 and 12 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm. Also i l l us t ra ted  

in   F igure 2.3, f o r  comparison, a re  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50, 95, 99.7 and 9% annual scalar  

wind speeds of the  IRIG reference  atmosphere (Ref zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 6 ) which  were derived 

from 4,384 Rawinsonde profi les  over Cape  Kennedy. As i l l us t ra ted   the  

s teady  s ta te winds derived from  Jimsphere profi les  increase  with  increasing 

a l t i t ude  above 4 km at ta in ing zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa maximum a t  an  a l t i tude of 12.9 km f o r  5O$, 
12.0 km f o r  95$, 12.1 km f o r  97.B and < 12 km f o r  9$. The 95,  97.7 and 

99 percenti le  steady state winds computed from Jimsphere w i n d  prof i les  are 

systematical ly smaller than the w i n d  speeds of the l R I G  standard atmosphere. 

As i l l us t ra ted   in   F igure  2-3, the dis t r ibut ion of the 794 Jimsphere  profiles 

by  month is non-uniform wi th   a - la rge  peak for  Apri l   thus  introducing a bias 

i n   t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmual distr ibut ion,  However,  when biased  annual IRIG zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwind speed 

percenti les, computed by t&hg an average of the monthly values weighted 

according t o   t h e  number of Jlmsphere  soundings f o r  a par t icu lar  month, are 

compared t o  the Jimsphere-distr ibution the same qualitative  conclusions 

s tated above f o r   t h e  comparison t o   t h e  unbiased D I G  atmosphere are val id 

fo r   t he  95 and 97.7 percenti les; however at a l t i tudes  between 10 and 1 5  km 

the  biased IRU; 9$ w i n d  speeds are  as much as 5$ less than the Jimsphere 

steady state winds. A t  the 50 percent i le  there is good agreement  between 

Jlmsphere m d  I R I G  amutXl. whereas the I R I G  btased annual. i s  substant ia l ly  

larger  than the Jimsphere  steady state winds. Thus by biasing  the I R I G  

distribution  the  correspondance between I R I G  and Jimsphere was generally 

improved at the extreme percent i les a d  degraded at  the median, 

AB i l l us t ra ted  in Figure 2.4 the  gust magnitudes at  the extreme  Dercentiles 

(2 M, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5. lo$) general ly  increase with a l t i tude;   the  var iab i l i ty  of gust 

magnitudes f o r  smal l  scale  var iat ions of a l t i t ude  is i l l us t ra ted  by the 

data given at 100 m in terva ls  between 12 and 13 km. T h e  max- observed 

absolute  gust  speed (G m/sec) a6 a function of a l t i t ude  (km) is  i l l u s -  
. -x, 

trated i n  Figure 2.5; t he   so l i d   l i ne  i n  

quadratic  function f i t ted t o  the data 

Gmax = 2.90 - 

the  f igure i s  the 

0.30~ + 0 . 0 5 ~ ~  
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Figure 2.5 Maximum 9bserved  Absolute Gust Speed as a Function of Alt i tude ir. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
794 Cape  Kennedy Jimsphere  Profi les 



Figure 2.6 i l lustrates  the  cumulat ive  percent i le  d istr ibut ion of gust 

variance (m /sec zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) for   three  Saturn  vehic le   f l ight  time i n t e r v d s  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
60-70, 70-80 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA80-9 seconds;  these  t ime  intervals  correspond  to 

Saturn  a l t i tude  in terva ls  of 5.93to8.73,  9.73to12.19, and 12.19 t o  

16.31 km respectively. The cumulative  distr ibution is approximately 

log-normal as indicated by t h e   s t r a i g h t   l i n e s   f i t t e d   t o   t h e   p l o t t e d  

points. 

2 2  

2.3.3 Power Spectrum Densit ies of  Gusts 

Power spectrum dens i t ies  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(PSD's) of 9 0  Jimsphere  gust  profi les  defined 

in   the  t ime domain  of a Saturn  vehicle were computed according t o   t h e  

method described by Blackman and Tukey (Ref. 7 ) .  The 9 0  pro f i les  were 

selected on the  bas is  of  completemess  between 4 and 14  km. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Saturn 

vehic le  in  an AS-504 t ra jectory   requi res 36 seconds to   t raverse   the  4 
t o  1 4  km a l t i tude   in te rva l ;  thus a gust  prof i le  evaluated  at  1/6 second 

intervals  according  to  Equation 1 would contain 216 data  points. PSD's, 

computed using 10 lags, are given a t   i n t e r v a l s  of 0.3 cps  from 0.3 t o  

3.0 cps. The cumulat ive  percent i le  d istr ibut ion of the P S D ' s  [(M/sec)2/ 

cycle/sec )] a t  each  frequency i s  given  in  Teble 2.2. 

In  Figure  2.7  the FSD's at the median  and the 95 and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA99 percent i les  are 

compared with  recent  updated MSFC design  cr i ter ia   spect ra (Ref. 8 ) de- 

r i ved   in   the   a l t i tude  domain  from a s im i la r   se t  of  Cape  Kennedy Jimsphere 

wind pro f i les ,  The d i r e c t  comparison is val id  only  i f   the MSFC ED'S, 

@ ( K )  [ ( M / ~ e c ) ~ / (  cycle/4,000 m) , original ly  expressed  as a function 

of spatial  frequency, K (cycles/4,000 m) can  be  transformed t o  PSD's i n  

the  t ime domain of vehic le   f l ight ,  @ ( f )  [ (M/sec)2/(cycle/sec) 

acceding t o  the s b p l e  re la t ion,  implied by m a n   e t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAELL, (Ref. 9 ), 

1 
1 

where v is a veh ic le   ve r t i cd   ve loc i t y   a rb i t ra r i l y  chosen a t   t h e   a l t i t u d e  



201 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I '  

PERCENT OF 
IO 

5 -I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACumulat,ive Distr ibut ion of Gust Var imce Computed f'or 268 Jinlsphr;ine 

P-c f i l es  f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAThree 10 Second In terva ls  of SaLurr. AS-504 F l i g h t  Yi<i!e; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2; Upper Left is Distr ibut ion by Month of 266 Prof i les Used 
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REQUENCY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0.3 

0.6 
0.9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I .2 

1.5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I .8 

2.1 

2.4 

2.7 

3.0 

PSD [(M/SECf/(CYCLE/FT)] I 
CUMULATIVE  FREQUENCY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA('10) 

~~ 

WIN. I 1.0 2.3 5.0 10.0 25.0 50.0 75.0  90.0  95.0  97.7 99.0 I MAX. 



NASA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0.01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0. I 1.0 10.0 

f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( C P S )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
F'i;<ure 2.7 T4edian and 95 and 9$ Upper  Bounds of Power Spectrum Gen..;i:L..ies zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

333 Ji!nsl;heI'e Wind Speed Gust Prof i les  from 4 t o  1 4  km Over  Cape . 
Keuledy  CompJted ir, the Vehicle Time Gomain ( d o t s )  and MS3C Desigx 
Spectra Bounds  Computed in   A l t i tude Domain and Tra:lsfomed t o  
Vellicle !?<me Domain ( l i nes  ) 
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or' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm a x i - u  dynamic pressure, 12 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm; f o r  a Saturn  vehicle v zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis 350 m/sec a t  

12 km and thus, 

@ ( f )  = 11.4 @ (K)  (2.8) 

s imi lar ly f (cps) is  a function  of K, 

f = Kv = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.0875 K 
4.103 

A s  i l l a t r a t e d  

design  spectra 

in   F igure 2.7 the ED'S a t  the 50 percent  level   for   the MSFC 

are l a rge r  by a fac tor  of 1.5 t o  2 at all frequencies  vhen 

compared t o   t h e  PSG's computed from vehicle time domain prof i les;   s imi lar ly 

a t  the 95 and 99 percent  level  f o r  f < - 1.5 cps  the MSFC design  spectra  are 

la rger  by fac to rs  of 1.4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAto 1.7 and 2.2 t o  2.7  respectively;  for f > 1.5 

cps the PSD's a t  the 95 and 99 percent  level   for   the  vehic le  t ime domain 

profi ies  decrease at  a slower  rate  with  increasing f and thus  each  are 

la rger  than the MSFC ED'S f o r  f > 2.5 cps.  These  comparisons i l l u s t r a t e  

an  apparent  difference  between  spectra of prof i les  expressed  in  vehic le 

time  cocxiinates and spect ra of p ro f i les  in alt i tude  coordinates; however 

the  t rmsformat ion of the  spect ra from one coordinate  system t o  the  o ther  

implied Sy Equations  2.8 and 2.9 i s  s t r i c t l y   v a l i d  o n l y  when v i s  not a 

function  of  alt i tude; when v i s  a funct ion  of   a l t i tude comparison of the 

spectra i s  not  possible  because a simple  transformation  does  not  exist. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
n;. ~, ,_ ,e fc re   the  data given  in  Table 2.2 represent  the  bes3  estimates,  based 

on Jinsphere  prof i les, of the   d is t r ibu t ion  of PSD at  various  frequencies 

2s viened by a Saturn  vehicle;  other  estimates  based on t r a n s f o m t i o n  of 

alzcituie domain spectra t o  the  vehicle  t ime domain [Equations 2.6 and 2.91 

are  not  str ict ly  cozparable.  

To s t x a y  -;he re la t i on  of the   d is t r ibu t ion  of E E  t o  the   d is t r ibu t ion  of 

maxiaa wind speeds and maxhum vector  shears of 9 0  J imphere  prof i les ,  

PSD's were computed from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 s e t s  of 9 pro f i les   tha t   a re   assoc ia ted   w i th  

the  deci les (9 pro f i les  per d e c i l e   f o r  a s e t  9 0  data  values) of maximum 

wind speed and maximum 103, 400, l,OOC), and 3,000 m. vector  shear f o r  wicd 

speeds  increesing  with  alt i tude (as indicated by (+) si-). The 50, 95, 

a d  9% PSD at  0.3, 0.6, 1.2, and 2.4  cps,  plotted as a function of dec i le  



for zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm a x i m  wind speed and vector  shears, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAare i l l us t ra ted  i n  the  upper 

half of Figure 2.8. The tendency f o r  the  PSD t o  be  larger  a t  higher 

deci les of wind speed and shear is i l l us t ra ted   quant i ta t i ve ly  i n  the  

lower half  of Figure 8 i n  which t h e   r a t i o  of PSD at dec i le  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN ( N  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 1, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 . 
. . 10) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAto PSD at  dec i le  1 [PSD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(N)/ PSD (1) ] i s  plot ted as a function 

of deci le  N. 

The deci le limits used in th is   ana lys is  are given  in  Table 3.2 (Page 28) 
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Lll"" zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
WIND $?€ED 1000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAhi 400 M 3000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm 
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Section 3 

W T N D  PR0FII;E SAMPLING zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPHOFILES 

Wind prof i les  represent  the  var iat ions  wi th  height of the  horizontal  motions 

of  the  atmosphere. I n  principle,  a wind p ro f i l e  is a vector  function of 

height,   represent ing  the  var iat ion of both  the  speed and the  d i rect ion  of  

the a i r  movement, or wind. In  pract ice,  however, t h e   m r i a t i o n  of wind i n  

the  ver t ica l   usual ly  i s  represented by two separa te   p ro f i l es ,   e i t he r   f o r  

speed and d i rec t ion  or f o r   t he  magnitudes  of two orthogonal wind components. 

In th is   repor t ,  a method i s  of fered  for   obta in ing a representat ive sample 

of p ro f i les  from a col lect ion of several  hundred (or more) prof i les,   using 

o rde r   s ta t i s t i cs ,  

Although prof i les   over  a f ixed  point  vary  continuously  in time, they  are 

obtained  routinely zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAonly every 6 or 12 hours at  major weather  stations;  oc- 

casional ly,  research or operational  requirements  provide  several  consecutive 

wind observations,  from which pro f i les  can  be  obtained, at  hourly  intervals, 

or even more frequently.  Horizontal a i r  motion  varies  continuously  with 

height,  but  instrumental and computational  problems  preclude  obtaining wind 

information a t  i n te rva ls  of less than zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 meters,  usually much more. Routine 

upper wind information i s  avai lable  only a t  1 km intervals,  every 12 hours. 

Even so, i n   ten   years  more than zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7,300 wind profi les  accumulate  for  each 

s ta t ion .  For the   en t i re  United  States  during  the 196Os, more than 1.5 

mil l ion  prof i les  were  obtained,  from the surface  to  heights  of  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30 k m  or more. 

Wind pro f i les  must be  used in  the  formulat ion and tes t i ng  of des igns  for  

vehicles  intenfied  to  ascend o r  descend  rapidly  through  the  atmosphere, 

t raversing  layers  in  which the a i r  motion may  come from  widely  differing 

d i rect ions a t  highly  variable  speeds. But no engineer  can hope t o  use a l l  

1.5 mil l ion  prof i les  in  developing a new vehicle, or even the  thousands 

avai lab le for the spec i f i c  s i te  from  which the  vehic le  w i l l  be  launched. 
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I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Sone method of aversgicg zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor otiierwise  charac-Lerizing  the  profiles ms" ,  be  used. 

St ra ight  Iiverages  of wind speed and d i rect ion,   leve l  by leve l ,   are  avai lab le,  

but   are of l i t t l e  use t o  engineers.  Their  vehicles are aost  suscept ib le zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA%o 

the  extrenes,  not  the neans, and in   pa r t i cu la r   t o   t he  changes  of wind with 

height. Tne di f ference between  winds a t  two leve ls   in   the   ver t i ca l   she&r  

of the  hor izontal  wind. The di f ference between  speeds  of  the wind zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAat two 

levels,   regardless of  direct ions,  i s  the scalar shear;  the  dif ference 

betk-een the two  wind vectors  (involving  both  speed and d i rect ion)  i s  the 

vector  shear,  which has both  d i rect ion  ard magnitude. 

Scalar  shear nay be  posLtive  (speed  increasing  with  height) 01" negative, but  

the magnitude  of vector  shear i s  alwsys  positive. However,  strop: wicds do 

not change much in  Zireczion  with  height, so ve-y large  vector  shesr mapi- 

tudes tire v i r t ua l l y  equiwiLent t o  the  absolute  vhlues of :.he corresponding 

scalar  shears. To dis t ingc ish befween vector  shears  according t o  whether 

the wind speed  inzreases zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor decreases  wi<h  heizht,  the ."rec-co:- shears, in 

%Ahis report,  tire  given  the  sign of the  correspondhg scalar shears. 

' d i d  prof i les,   a i=i lable  in  profusion, must be summarized i n  some  way f o r  

the desi,::  6nd tesTing zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof aerospace  vehicles. Such  summaries mey be e i the r  

L n  :he ::'3:.m of s t&<is t ics   represent ing  the  ent i re   co l lect ion of avai lable 

profiles, or  m y  F;e ia the  form of a few pro f i les ,   e i ther   ac tua l  o r  s-,-n- 

the';ic,  selec2ed so as t o  be  typical ,   in some  wsy, o r  the en t i re  c o l l e c t l x .  

Many s;a;istical s'cmayies, t o  va-ying  degrees of sophist icat ion,  ha-,-e been 

preFETe3 of avai lab le wiLd data. Typically,  they  are  based on -$jzds re-  

presented, for each  level, bj- two orthogonal components, the zons; ':west- 

to-east ) &?a meridional  (south-to-north). The sunx?,ries o f fe r  :he  means 

zaLi st&rdalu deviat ions of each  coqonent at each  level, ususLlj. 1 i u i  &pert, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ui! z z r i c e s  of correlat ion  coeff ic ients,  b o ~ h  within-componens aci cross- 



component. 

Within-component corre la t ions are between l i k e  components at  d i f fe ren t  

leve ls ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEO that f o r  a set of n profi les,  each  offering  data at  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk leve ls ,  

two sets of  correlat ions are computed, one f o r  each component, f o r  a t o t a l  

of k2 -k coeff ic ients.  Cross-component corre la t ions  are between the  zonal 

component at  one l e v e l  and the  meridional component a t  t ha t   l eve l  as w e l l  

as each  of  the  other  levels, and vice-versa;  including  the  correlat ions a t  

each  of  the k leve ls   g ives a t o t a l  of k cross-qomponent correlat ions. 

'Thus a compLete s t a t i s t i c a l  summary (without  considering  possible  serial 

corre la t ion from one pro f i le   to   the   nex t )   inc ludes  2 k means, 2 k standard 

deviations, k2 -k within-component correlat ions,  and k cross-component 

cocrelat ions, or a t o t a l  of 3k + 2k2 numbers. When winds are  avai lab le 

from the  sur face  up  to  20 km, k = 21 and the  complete  s ta t is t ica l  summary 

has 945 numbers. 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A few wind pro f i les  have  Seen  synthesized  from  statistical. summaries, 

starting  with  an  extreme wind speed a t  a leve l  of maximum e f fec t  on a 

vehicle, and using  correlat ions  to  determine  the  corresponding winds a t  

other   leve ls .  The extreme wind usual ly is the  mean w i n d  speed  plus two zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
standard deviat ions, a value that would have  been  exceeded i n  less than 

5% of  the  observations, if the wind speed  were  normally  distributed. Even 

i f  such  an  hssumption of' normality were just i f ied,   the  probabi l i ty  of the 

complete s t a t i s t i c a l   p r o f i l e  cannot  be  established  because  of  inter- 

dependence  of the  correlat ions.  

The f irst pro f i les   fo r   des ign  of missi les and space  vehicles were less 

sophist icated.  Essent ia l ly   they were the  observed  prof i les which included 

the  strongest winds a t  the   leve l  of maximum effect.  Variat ions on t h i s  

approach  included  selection of not  only  the  profi les  containing  the 

strongest winds but also  those  wi th   the  greatest  wind shears above  and 

below  such  winds. 
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Another  approach zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwss t o   c e l c ~ l r z e   t k e   a c t u d   e f f e c s  indilced :Jpon zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt ; ~ l c e . i  

space  vehicle by each  of a great many prof i les ,  and then  select ing -chose 

2;-or'iles xhich  produced  the  strongest  effects.  This sample WELS then  pre- 

s u e d  t o  be  equally  useful  for  other  vehicles  hsving  responses t o  Win6 not 

g rea t ly   d i f fe ren t  from  those of the  t-ypical  vehicle. 

The considerations  inherent  in  these  procedwes have  been  used i n   t h e  

present   s tudy  in  a d i f fe ren t  way. Fro3 a la rge  nmher   o f   pmf i les,  a 

s a p l e  i s  selected which zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAhas the aame c i z rec te r i s t i cs  wit':: respect t~ 

mxiz~m wind s2eed end t o  wind shears over certain  th icknesses. 

3.3 PEiOFILZ CODING zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A -,,-in& prof i le   represents  wind speeds 2nd direct ions (or strengths of tvo 

coxpsnents) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA&t aany  heights. From tkese -:sixes, win5 s h e e x  f o r  x n y  :kick- 

nesses  can 5e computed. While a l l  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthese qlianti t ies zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA~7 b e  of some in-  

:erest, onljr a few c a n  be considered  cr i t ica l .   >Aer  t k e s e  c r i z i z e l  

oi iarac3erist ics ere ident i f ied,  from aerodynamic o r  other considerations, 

escn  prof i le  can  be  c lessi f ied  according t o  tnem. 



p r o f i l e s   i n  which c is smallest receive a code number of 1, the  next 10 

percent are coded 2, and so up t o   t h e  10 percent  with  the  largest  values zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

'1 
which are coded as 10. 

The  same process is repeated for each  of  the  other  characterist ics, so that 

each  prof i le  eventual ly has a sequence of code  numbers, one f o r  each  charac- 

t e r i s t i c .  The  numbers ind ica te   in  which dec i le   the   p ro f i le   fa l l s   w i th  

respec t   to   each  c r i t i ca l   charac ter is t i c ,  and permit   the  prof i les  to  be 

sorted and c lass i f ied   in   var ious  w a y s ,  including  select ion of representative 

samples. 

From the  large  co l lect ion of prof i les ,  e sample may be drawn so that  each 

dec i le  of each  character ist ic is  represented by a t  l e a s t  m prof i les .  T h l s  

cr i te r ion  can  be shown simply by an  array, or  matrix,  in which thz rows 

represent   the  character is t ics  and the columns the  deci les  (Table 3.1). 

TABLE 3.1 

SCHEMATIC OF D E C E E  CODING SCHEME 

Deciles 
1 2 3 4 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 8 9 1 0  

C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 

. l .  

. l .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. . 

cJ 
. l .  . 

In Table 3.1, a Ringle  prof i le   v i th  code 4 5 . . 2 i s  indicated. As  

soundings are added t o   t h e  sample, the number of pro f i les   fa l l ing  i n t o  e x h  

c e l l  i s  t d i e d ,  and prof i les   are  accepted  unt i l  all c e l l s  have at  least m 

ent r ies  . 
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Alternatively, an upper limit zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmay be  placed on the  number  of ent r ies  per  

ce l l .   Frof i les   are added t o   t h e  sample,  one at a time, unless such  addit ion 

would cause some c e l l   t o  have more than  the  desired number, m. Such a pro- 

f i l e  i s  rejected, and the next one examined, with  the  process  continuing 

until zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAall ce l l s  have m ent r ies  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- - o r  the   en t i re   co l lec t ion  i s  exhausted, 

with  so38  cells s t i l l  having less than m entr ies.  

3.4 P9?L ICAT I O N  

To t e s t   t h i s  procedure for  obtaining  representat ive samples  of wind prof i les ,  

f i ve   c r i t i ca l   cha rac te r i s t i cs  were establ ished zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsnd a col lect ion of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA930 

Jimsphere wind pro f i les  were c lass i f ied  and sorted. These profi les  represent, 

winds  observed et 53-meter in terva ls  from the  sur face  to  1 4  km over Cape 

Kennedy, Fla.;  they were selected from a s e t  of 1194 prof i les  obtained f r o a  

28 Nov. 1964 through 11 May 1967 by discarding a l l  prof i les  wi th any missing 

deta zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAet. any leve l  from 1 t o  14 km. The complete  1194-profile  set was ex- 

amined ir d e t a i l  by Adelfang, Ashburn, and Comt  (Ref. 1 ). More intensive 

study showed tha t  16 l i s ted   p ro f i les   ac tua l l y  had no data, and 11 were exact 

dupl icates of previous  prof i les. 

The f i ve  cr i t . i c?a l   chmxcter ls t i cs ,   res t r i c ted   to   the  r w e  f r o n  k t o  14 :a, 

were : 

c1 : m x h - m  vina  speed at  any l e v e l   i n  The profile; 

c - mximu;n "posit ive"  vector  shear  over any IOa-meter  inter-r.d; 

c : maximu "negative"  vector  shear  over a y  103-meter i n t e n d ;  

c4 : maximum "posit ive"  vector shear over  any 1 km in terva l ;  

: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmaximum "negative"  vector  shear  over any 1 km in terva l .  

2 .  

3 

c5 

Thus, the  lowest  100-meter  shear  considered was from 3 9 0  t o  4000 xeter6, 

wh i le   the   lmest  1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm shear w a s  from 3000 t o  4000 meters. In several  case6 

t h i s   d e f l a i t i o n  caused  the  discarding of strong  100-meter  shears below 4000 

meters, while 1 km shears  including this 100-me3er shear were  accepted. 



Nevertheless  these  f ive  charac-terist ics were assumed to   represent   the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmajor 

aspects of wind pro f i les  of  importance i n  space  vehicle  design. The sampling 

methodology would  work equal ly  wel l   for   other  character ist ics.  

To test  the  representativeness  of samples  based on these  f ive  character is t ics ,  

four  other  vector  shears were ident i f ied zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAend coded by dec i les  for   each  prof i le ;  

a l s o  01il.y zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfor shears  for  which the  upper  boundary was between 4 and 1 4  km: 

c6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: maxim "posit ive"  vector  shear  over any Uo-meter  interval;  

: maximum "negative"  vector  shear  over any 400-meter in terva l ;  
c7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ce : maximum "posit ive"  vector  shear  over zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAany 3 km in terva l ;  

c : maximum "negative"  vector  shear  over any 3 k m  in terva l .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9 

These n ine  character is t ics  ma t h e i r   a l t i t u d e  of occurrence were ident i f ied  

in  each of the 9 0  Jimsphere wind profi..les, as shown i n  Appendix I. Each 

se t  of character is t ics  was then  placed  in  rank order, and grouped in to  

deci les. Ljmi ts  of: the  dec i les for each  of  the  nine  characterist ics, for 

the 9 0  prof i les,  are  given i n  Table 3.2 and graphed i n  Figure 3.1; various 

cumulative  percentiles of the   a l t i tude  of occmrence  are a l s o  graphed i n  

Figure 3.1. The o n l y  charac te r i s t i c   t o  have a lower lidt of  zero zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWBS the 

3 iun negative shear; actual ly,  41 Frof i les had no negative 3 iun Ehears, in-  

d icat ing  that   these  prof i les,  if smooi;hed  by 3 k m  moving averages, uou1.d 

show winds continual ly  increasing  with  height. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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6C 

5c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 



. . . .. . . .. . . . ." zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
TABLE 3.2 

LMITS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF DEClLES FOR Et?CH OF 9 CHARACTERISTICS OF 
900 JIMSPHERE PROFILES. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUNITS AHE METERS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPER SECOND. 

DEC ILE : 1 2  3 4 5 6 7 8 9 X 

LIMrrS : M I N  10 20 30  40  50 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA60 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA70 80 9 MAX 

MAX w m  SPEED 5.3 15.1 18.8 23.3 27.5  33.8  39.5  45.3 50.7 59.2 81.7 

loon SHEAR POS 1.7 2.6 3.0 3.3 3.6 3.9 4.1 4.5 4.9 5.6 14.2 
NEG 1.6 2.5 2.8 3.1 3.4 3.7 4.0 4.4 3.9 5.7 19.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

born SHEAR POS 2-8 5.6 6 - 5  7.2  7.8 8.1+ 9.3 10.1 11.1 12.6  24.1 
NEG 3.i 4.8 5.5 6+4  6.9  7.7 8.5 9.5 10.7 12.7 20.0 

When all. nirLe charac ter is t i cs  are used to typ i fy  a prof i le ,  4 pa i rs  of the 930 

pro f i les  were identi .czl.  Their codings (in codes, the   ten th   dec i le  i s  indicated 

as X )  were: 

These four wei-2 among 34 s e t s  of two or more pro f i les  which  were  coded iden- 

t ica l ly   v i th .   respect  ' i o  the  f ive  pr imary  character ist ics:  1 quintliplet, 3 

quadroplets, 3 t r ip1e ts ,  and. 27 cioubiets (Ta3le 3.3) 
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*Identical zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfor a l l  nine  charecter is t ics  on two of dztes  i is5ed.  



3.5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBARFLATIONS 

Several   interest ing  re lat ions among t h e   9 0   p r o f i l e s  were revealed when they 

were coded by 9-digit. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAnumbers, according to   the   dec i le   o f   each of 9 charac- 

t e r i s t i c s .  

The four   tes t   charac ter is t i cs ,  maximum 400-meter and 3 l im posi t ive and 

negative  shears, hed been  originally  selected  because of presumed  independence 

from the  se lect ion  character is t ics ,  maximum wind speed and mximunl 100-:neter 

and 1 km posi t ive and negative  shears. However, three of the  four tes t  

charpucterist ics were foun.d t o  be strongly  re lated  to  the  select ion  charac- 

t e r i s t i c s .  The fourth,  the maximuu 3 km negative  shear, had very l i t t l e  

r e l a t i o n   t o  any zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the  other  e i@t  c lxracter ist ics.  

These relat icms were found froro b i va r ia te   l i s t i ngs  af sll the 9 0  pro f i les  

by the   dec i les   in  'which t.hey fell according  to pairs zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor" characte.r ist ics. 

The 36 possible two-way conparisQn  tables zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAare g iven  in  Appelzdix 11. For 

quick  computation,  each tab le  was part i t ionet i   into  four cpsrters, and the 

number of e n t r i e s   i n  one quarter was counted. Because each  l ine and each 

col.u.mt? i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA:i table  represents a dec i le ,  it cofitains $XI entr ies,  and the SUI: 

c7f t,W3 i ~ ~ l . l R ~ t . e i ~ S ,  horizontal ly o r  ver-ti..:ally, i s  450. Thus the t d a l  in e:wh 

qua:-t.c+r d i f f e r s  frorr, yCjJ/k = ;12C; by the s:me amunt ,  and  orlly one quarter 

need be counted. ?'keSe dif'fermem:es are given  in  %he t:pper r ight   par t  oi' 

Tab le  j . 11. 

The net  d i f ference between a r ~ y  VJar te r ' s   t o ta l  and 225 is an  index  of  the 

correiat ion  betveen  the two charzcter is t ics  of the  tab le.  DLvided by 225, 

t h i s  number i s  analogous t o  a coeI"ficie!:t of' medial  correlation,  because 

the  div is ion  into  quarters  ef fect ive1.y  c lassi f led  the  character ist ics by 

t h e i r  me<ir,ns. The coef f ic ient  of raedid  c:or'relation, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAq, from a sa:nple of" 

n independent  pairs,  has 6. sanlplinc  variance of approxilnately (1 - q ) / il, 

so L h t  for n = P O  any - , m J . ~ . e  of q greater  than 0.06 d i f f e r s  from zero a t  

the 95% conf'idcn::e l ev? - . l ?  
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Values of the rnedia.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcorrelation ;Are given  in  the lower l e f t  of Table 3.4.. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A3.1 correl.a-tio:ls are- posi t ive and. s igni f icant ly  greater  than 0. Lines zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
seFei.:tt:e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthe f i rst f ive  selecLion  character ist ics from the last four  t e s t  

character is t ics .  The largest   corre la t fons appear-  between the two groups, 

especia!.ly bekween the  pos i t ive LOOm and 4001~ rmximum shews,   the loom ar:d 

490m negaiive  shears, and rmxinum wind speed a n d  posi t ive 3 km shea?. The 

highest ct:)r..relatiorl within  the  select iuLl g1'0up i s  .m, w:thin +,he t e s t  gi-oup 

. $3, bfit 6 of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20 in-ter-group  correla,tions  Ere lergei- 'Alan .50. Least 

corre la t ion i s  snr>wn by I,he 3 km negative  shear,  for which the maximum cor- 

relatiorz, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.2!J, i s  with 1 l im negative  sheer. 



Ln zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAgeneral,  seeking at l e a s t  m entr ies  per  cel l   involved examining N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2m 

t o  3m o r  more prof i les  i n  Direct o r  Inverse  order  but  less  than zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2m Random 

order   prof i les   to  meet the  cr i ter ion.  A t  most m entr ies, however, was never 

attained, even though zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAall zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA900 prof i les  were examined. The values of  n i n  

Table 3.5 are shown i n  Figure 3.2, f o r   a l l   f i v e  random sampling arrangements. 

In Figure 3.2, the  diagonal  l ine  represents  the optimum  number, i f  each c e l l  

had exactly m entr ies.  

When an  upper  l imit is  placed on cel l   content,   the  actual  number of  pro- 

f i l e s  i n  the sample is  about @ of optimum, f o r  each  sampling  sequence. 

But when a lower limit is imposed, many  more profi les  are  used in  the  Direct 

and  Reverse  procedures  than f o r  Random. This ef fec t  is  also seen i n  the 

actual  matrices  developed  for  each  process:  both  Direct and  Reverse order- 

ing  resul t ing  in  many ce l l s  having larger  excesses above the minimum than 

f o r  any of the 5 Random samples. Hence, further  discussion will concentrate 

on the results of the Random sampling. 

The actual  numbers of en t r ies  per c e l l  f o r  each of the  select ion  character- 

i s t i c s   ( c  , c2,  c , c , c ), and a lso  the number of en t r ies  f o r  the   four   tes t  

character ist ics (c6, c7, cg, c ), are  given i n  Appendix I11 fo r  each of f i ve  

Random sampling  sequences,  used t o   s e l e c t  at  l e a s t  and a t  most m entr ies  per  

ce l l .  

1 3 4 5  

3.7 VALDAT ION 

To summarize the   f igures   in   the   f i f t y  9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 10 matrices i n  Appendix 111, the 

deci les have  been  grouped into  three.  classes, low (l-3), middle  (4-7), and 

high (8-10). For  each  class, a l l  the  entr ies  for   the  f ive  select ion  charac- 

t e r i s t i c s  were totaled, and s imi lar ly   for   the four test   character is t ics .  

Ideal ly,  the low and high  classes  should  each have zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30 percent of the entr ies,  

and the middle class 4.0 percent. 
- 

The actual  proportions, computed to   ten ths  of a percent and expressed as 
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NUMBER OF PROFILE3 USm (n) AND ORDIXAL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(N)  OF LAST PROFILF: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUSED, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
II? COMPLETING DECILE MATRIX WITH AT L W T  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm PROFlLJ3S PER 
CELL AND IN ATTEMPTING TO COMPLETE WITH AT MOST m PROFILES 

PER CELL, FROM 2 ORDERED AND zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 RANDOM SEQUENCES OF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA900 WIND PROFILES. 

A t  l eas t  m 

Direct 

lhvers e 

Random 1 

RanCiom 2 

Random 3 
Random 4 

Random 5 

A t  'most m 

Direct 

Inverse 

Random 1 

Random 2 

Random 3 
Random 4 

Random 5 
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Figure 3.2 Number of Prof i les Accepted zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(n) i n  Seeking zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAat Least or  at 
Most m Entries  per Cell f o r  Five Random Sampling Arrange- 
ments; Diagonal  Line  represent-he Gptimum Number, If Each 
Cell has Exactly m Entries. 
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par ts  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApzr zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthousanc? f o r  comer,imce  (eLMnating  the  decimal  point), zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAare 

given ir, Tible zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2.6 f o r  each of the 5 Random seqaence  selections. These zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7- l.~usu..L.3, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIl. 1. *." zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-La %-dam, a r e  s b w n  by bars i n  Figure 3.3. 

I n  each of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 smples, the mziioer of entr ies  in   the  three groups was 

grat i fy ingly  c lose t o  the  ideal  fik-res.  Since  the  upper  extremes of trind 

s2eed 2nd wind shear are of grestesf ,   pract ical   interest ,  only the  high  group 

need be exzdned  here. The azctaal percentagcs obt.ai.ned i n   t h e   s a q l i n g  pro- 

cedure varied from 26.7 (Pandom seqxncz 2 for at l e a s t  $) t o  37.5 (andom 

seguence 4 f o r  at most l), f o r  the  se lect ion  character is t ics ,  and from 19.0 

(Random scqtence 5 i'cl- at least; 1) t o  50.0 (Random seqJence 1 for at  most 1). 

Together, the 5 Rmciom sequences s l i gh t i y  overemphasized the  high  deci les 

f o r  the  select ion  charectzr ist ics,   g iv ing them from 29.9 (at most 5 )  t o  34.5 
(at l e a s t  i j  percent of the   ce l l   en t r ies .  But zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfor the t e s t  charzc ter is t i cs  

the  h igh  deci les were underenrpbasizec! : 26.1 for a t  3.ess.t 1, 31.8 for a t  

most 1. I n  t ~ s  gs&nc? average, fo r  all seqxences f o r  a2.1 values of m, the 

high deci.les  obtained 31.3 Qf a l l  ent r ies  for se lec t ion   charac ter is t i cs ,  

28.9 f o r  tes t   charac ter is t i cs .  

A s  anot.ker t e a t  of how vel l  the  decile  coding and s o r t b g  provided sap les  

represeri;ative of the e n t i r e  popLation of 9 0  profi les,  spectrum  densit ies 

f o r  etch sf the p r o f i l e s   i n   m e  s a p l e  were extmcted. Chosen were the   f i ve  

groups of pro f i les  obtaiilec? ilil seeking at most 3 entr i9s  per  deci le  cel l . .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
As shmm iil Table 3.5 m d  ?@XY 3.2, three of these groups had 26 pro f i les  

each 2116 two hac? 27 each. For ease il: ccmw.1'ison: hok-mer,  eech group was 

reduced t.0 25 pro f i les ,  j y  e l lx ina t lcg   the  26th arid %'(th t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbc sc-lected. 

Serial zuiibers of the  '25 >"of Il-es mkiag up each s t ra t i f ied   sm-p lc  are g:Lven 

in   %ble 3.7.  Although only 930 profiles were availzble for smgling;, the 

seria?. numbers run from 1 t o  1186, bemuse 286 pro f i les  in the  or ig inal  tabu- 

l a t i o n  were re jected Po: m t  being c z q l e t e  from 1 t o  14 h, or  being  dupll- 

cakes of a51cr pro f i les .  La ssch of the f i v e   s t r a t i f i e d  samples, the  pro- 



TABLE 3.6 

RELATIVE  NUMJ3ERS (PER THOUSAM)) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF ENTRIES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIN 3 GROUPS OF DECIIXS (LOW, 
MIDDIX, HIGH) FOR ALL 5 SELECTION  CI-IAXACTERBTICS (LEFT NUMBERS) AND ALL 
4 TEST CHARACTERISTICS (RIGHT NUMBERS) WREN 5 RANDOM SEQUENCES AHE USED TO 
SEUCT PROFILES T O  FILL, W R I C E S  WITH AT LEAST m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND AT MOST m ENTRIFS PER 
CELL. 

AT  LEAST m AT MOST m 
Random 
Sequence 1-3 4-7 8-10 Deciles 1-3 4-7 8 -10 

1 
2 
3 
4 
5 

Avg 

1 
2 
3 
4 
5 

3j273il 2 
3381307  3 
308/286 4 
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I 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 
z zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Q 
[r 

100 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 
3 
4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 

AV 

I 
2 
3 
4 
5 

A \ /  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 
2 
3 
4 
5 

AV 

I 
2 
3 
4 
5 

AV 

1 
2 
3 
4 

5 
AV 

ALL 

I 
2 
3 
4 
5 
m 



197 
562 
665 
88 

802 

634 
637 
457 

1008 
878 

340 
314 
363 
963 
713 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

COMPOSIPION OF 5 STRATIF'lXD FUUWOM SAMPLES OF 
WIND PROFILES FROM TOTAL SAMPLE OF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 0  PROFILE3 

OVER CAPE ICENIEDY, FLORIDA. NUMBERS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAFE IDENTIFICATION 
NlTMBERs OF PROFILES I N  BASIC SAMPLE. 

731 511 1042 696 
323 1157 5 95 66 
723 860 679 380 
820 1034 1144 595 
5 33  340 913 1041 

168 344 1191 413 
292 91-7 107 763 
630 1063 674 492 
827 n 5  649 426 
487 358 1009 933 

688 973 533 1175 
IJ-09 878 763 780 
319 608 113 388 
995 4 370 73-8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
677 54 13 44 

348 160 1031 1135 
643 392 895 207 
9 9  240 271 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA469 
735 411 902 324 

1173 822 653 208 

85 432 844 56 
1027 695 492  708 
299 942 266 200 
711 1113 707 45 9 
791 545 180 470 
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f i l e s  appear t o  have  been drawn from the   en t i re  number with no bias. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
For each  group  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA25 prof i les ,   s ix   spect rum  densi t ies  a t  10 frequencies  are 

given  in  Table 3.8, and  graphed in   F igure 3.4. Values a r e   i n  (m/sec zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) / (  cyc/ 

sec). ).t each  frequency  from 0.3 t o  3.0 cycles/second,  the  densities shown 

ere  the minimum, 5th,   loth,   l5th,  and 20th  smallest, and the  largest .  For 

cornparison, the  corresponding  percentile  values of the  densi t ies  in   the 

ent i re   populat ion  are zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAalso shown. 

2 

In Figure 3.4, t he   i i nes  connect  the  densities for the  ent i re  900 pro f i le  

sample, and the  vert ical   bars  indicate  the  range of the  values f o r  the 5 

s t r a t i f i e d  Ramdom smples.  A t  each  frequency,  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmaximum and minimurn 

densi t ies zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof tiie 5 smples  do not   a t ta in   the whole-sample values,  but a t  

the  four  intervening  percenti les  the  range of the 5 sample values  includes 

the whole-sample density. 

On the whole, the  spectrum of any one of the 5 s t r a t i f i e d  Random samples 

appears t o   o f f e r  a fair approximation t o   t h a t  of the whole  sample. Th is  

invest igat ion of 5 s t r a t i f i e d  samples,  chosen a r b i t r a r i l y  from those  avai l -  

ab le from the  deci le  coding  procedure,  suggests  that  the method does  indeed 

provide  suitable samples of wind prof i les .  

Whether a s t r a t i f i e d  saq le  should  be drawn by the  ' 'at most m" or "a t   l eas t  

m" c r i t e r i on  depends on severa l   factors .  The former  provides  smaller  samples, 

and is  the  only one a v a i l a b l e   f o r   s q l e s  of 25 or less, as  long as decl le  

coding is  used. However, the  select ion  character ist ics  could  be coded i n  

fewer (q) categories,  such  as  quart i les  (q = 4) or quint i les  ( q  = 5). E 

quart i les  are  used, presumably  samples  of  only 6 or 7 uould  be  provided by 

a c r i t e r i o n  of "at most  2"  and  of 12 t o  15 by ' 'a t   leas t  2". 

The I f a t  l e a s t  m" c r i t e r i on  is more e f f i c i en t ,   i n  tht the  select ion  process 

stops as soon as t h e   m i n i m  i s  rsached in   a l l   ce l l s ,   wh i l e   t he   "a t  most ml' 

cri terion  requires  scannicg of t he   en t i re   se t  of avai lab le  prof i les  i n  an 



TABU 3.8 

SPECTRUM DENSITIES AT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10 FREQUENCDS OF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 STIIATIFIXD RANDOM s m s  OF 25 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
WIND PROFILES AND OF ENTIRB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASAMpL;E OF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 0  PROFILES OYER CAPE I ( E N X E D Y o  
GIVEN, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 3  (m/sec)  /(cyc/sec), zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAARE MINm AND MAX= VALUES AM) 5TH,  lOTII, 
l5TH, AND 2 0 T H  ORDERED VALUES I N  FACH RAJ!lDOM sAMpL;E AT EACH  FREQUENCY, AND 
CORRESPONDING  PERCENTlLE  VALUES  OF  TOTAL SAMPLE. 

MAX 
Rs1 
- 
Rs2 
Rs3 
R s 4  
x 5  
TOT 

% 
R s 2  
Rs3 
R s 4  
= 5  
TOT 

60 % 
RS1 
- 
Rs2 
Rs3 
R s 4  
m 5  
TOT 

R s 2  
Rs3 
R s 4  
Rs5 
TOT 

R s 2  
E 3  
R s 4  
R s 5  
TOT 
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CYC/SEC MIN. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 I 1 1 I I I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI I I  

03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.9 1.2 1.5 1.8 2.1 2.4 273.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Figure 3.1: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" g e  of Spectrum Densit ies at. 10 Frequencies o f  5 

S t r z t i f i e d  Random Samples,  and D e x i t i e s  or' Enti re 
S a p l e  of 9 9  Jinsphere  Trof i les.  
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e f f o r t  t o  obtain zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa perfect  sample  of size m q. Decisions on which t o  use zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
can be made rea l i s t i ca l l y   on ly  after actual  trials of the method. 
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Section 4 

REIATIONS l3ETWEEN WIND SHEARS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOVER VARIOUS ALTlTUDE IN!I'EERvALS 

4.1 INTRODUCTION 

Various  aualyses of the  mgni tude of vector wind shears derived from balloon 

soundings  have  indicated that the m e a n  and stamlard  deviation of vector  shear 

are  funct ions of layer  thickness of the form 

n 

OW = E A Z 2 + D  

where zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAw and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACI are   t he   mea  and standard  deviation  (m/sec) of vector  shear 

and A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 is  the  layer   th ickness (m). Adelfang, Ashburn  and Court  (Ref. 1) 

showed that Equations 1 and 2 were general ly  val id for the  c l imatological  

means zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAend standard  deviat ions computed at par t i cu la r   a l t i t udes   f o r  1194 
Cape Kemedy Jimsphere  profiles;  based on computations a t  8, 12, and 16 km 

f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 2 from 50 t o  5,000 m they  found  that  the  constants n, znd n2 are  

equa l   to  2/3 ,  C and E are  a function of a l t i tude ,  and D zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 0. Araendariz 

and Rider  (Ref.10) a lso  establ ished  the  va l id i ty  of Equations 1 and 2 f o r  

shear layer thicknesses between 61 and 914 m; t he i r   resu l t s ,  which  were 

based upon a se r ies  of lnezsurements during August and September 1964, were 

obtained by detai led  t racking of 100 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAga. spher ical   saooth  bal loons  to  an 

a l t i t u d e  of 3.05 kn; they  fomd that n2 = 0.74 n , E  = l . l ~ O ' ~ ~ ,  and D = 0. 

Essenwanger  (Ref. 11 ), who f i r s t  proposed  the form of Equations 1 and 2 based 

on an analysis cf deta'2ed wind measurements  from rockets,   f inds  that  n1 = 

n2; Essenwmger and Reiter (Ref. 12) deduce  from consideration of TatarsKi's 

turbulence  structure  function  (Zef. 13) ihet thz  constant "1 (o r  n2 since 

n1 = n2) kms a lower born of zero  for   an  idez l ized wind pro f i le  coEposcd 

of wind f luct i lat ions wit'n e. "white  Doise'l  spectrum and an  upper bound of 

uni ty  for w i n d  pro f i l es  coinposed of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz l inear  trend  without  turbulence o r  

mesostmcture. 

W 

- 

1 
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In the  following  discussion two sets of Jimsphere  prof i les  are  used  to 

study  the  re lat ion between mean and standard  deviation of vector  shear and 

layer  thickness. 

The two sets of  Jimsphere prof i les   used  for  this study  are composed of 1167 
pro f i l es  measured over Cape  Kennedy zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 ETR (Eastern  Test Range) during  the 

pericd December 1964 through  April 1967 and 83 pro f i l es  measured over  Point 

Mugu (PMR) during  the  pericd  January 1965 through  &rch 1966. Monthly  and 

tr i -monthly  d istr ibut ions of the number of  soundings f o r  the two s e t s  of 

data are  given zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin Table 4.1. For an  unbiased  annual  distribution 8.33 and 

25 percent of the  soundings  should  occur i n  any  monthly o r  tri-monthly 

period  respectivelyj as shown i n  Table 4.1 both  data  sets,  have a re la t i ve ly  

large  percentage of the t o t a l  soundings zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin the  winter  strong wind months 

(l-3), and a re la t i ve ly  smal l  percentage i n   t h e  faU months (10-12); the 

pr incipal   d i f ference in the two d is t r ibut ions  occurs  in   the spring months 

(4-6) f o r  which the  Point Mugu sample has o d y  8.43 percent  of the soundings 

compared zc 28.91 percent   for  Cape  Kennedy. 

3 

Vector  shears were computed f o r  a l l  the  soundings of the two data s e t s  at  

1 hn i n te rva ls  from 8 t o  15 km f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Z equal t o  50, 100, 400, 800, 1,000, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3,000, and 5,000 m. The vector  shear at a l t i t u d e  Z is  defined as the magni- 

tude of the  d i f ference between two hor izontal  wind vectors, one a t   a l t i t u d e  

Z and the  other at  2 - &Z. 

4.3 DISCUSSION 

The  means (w) and s tandad  dev ia t ions  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(a,) of vector  shears of var ious  layer 

thicknesses  were computed for shear data given at intervals of 1 km between 

8 a,nd 15 km; t h e   t o t a l  number of observations of vector  shear for each  layer 

thickness was 8,708 f o r   t h e  Cape  Kennedy data and 627 for   the  Point  f i g u  data. 

The.means and standard  deviat ions were zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa l s o  computed as a function G f  a l t i t ude  



TABU zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4.1 

M0NTHI.Y zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND TRI-MONTHLY  DISTRIBUTIONS OF CAPE XENNEDY AM) POINT MUGU JIMSPHEHE PROFILES 

M O N T H L Y  Total 

Month 1 2 3 4 5 6  7  8 9 10 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11 12 
Cape Kennedy 
No. of Profi les 92 129  138 169 96 77 83 83 89 81 59 87 
$I Total 7.78 lo.go 11.67  14.29  8.10 6.51. 7.02  7.02  7.52  6.85  4.99  7.35 1183 
Point zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMu@ 
No. of Prof i les zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 13 22 2 0 5 11 7 5 0 0 9  83 
$ To ta l  10.81~ 15.67  26.51  2.41 o 6.02  13.26  8.43  6.02 o 0 10.84 

Cape  Kennedy 
$ Total 
Point Mgu 
$ Total 

3 5 9  
1-3  

30.34 
44 
53.01 

T R I - M O N T H L Y  

4-6 
3 4 T  
28.91 

7 
8.44 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7-9 

255 
8 -12 

2 2 7  
21.56  19.19 
23 
27, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAn 

9 
10 . 84 



at  in terva ls  of 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm between 8 and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA15 km. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAG, alq and the  constants C, E, 

and n2 of Equations 4.1 and 4.2, calculated by taking  logarithmic  least 

squares,  are l i s ted i n  Table 4.2 f o r  Cape  Kennedy and Table 4.3 for Point 

Mugu. In Figure 4.1 w computed f o r  the 8 t o  15 k m  a l t i tude  band for 

various  layer  thicknesses i s  compared with  the Armendariz-Rider and 

Essenwanger results  obtained from l a t e  summer prof i les  (Ref. 10) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA; it is  

indicated that the mean vector  shears computed f o r  re la t ive ly   large samples 

of wind prof i les  from all seasons at ETR and PMR are a .function of layer  

"1, 

th ickness  to a s ign i f icant ly   larger  power (n  equals 0.64 a t  PMR and 0.62 

at ETR) than has been  observed i n  a few l a t e  summer prof i les by  Armendariz 

and Rider a t  White Sands (n = 0 ~ 3 8 )  and Essenmnger at  Cape  Kennedy (nl = 

0.44). 

1 

1 

For a similar comparison  of standad  deviat ions of vector  shear,  as  i l lus- 

trated i n  Figure 4.2, the constant power of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Z, n2, is a lso  s ign i f icant ly  

la rger   fo r   the  PMR (n2 = 0.68) and ETR (n2 = 0.62) prof i les. In addition, 

the  existence of the  constant D i n  Equation 4.2, which implies a deviation 

from a power law re la t ion  between ow and A Z, that is l a rge   f o r  A Z small, 

is  not su-gported  by e i the r  Aremdariz and Rider zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor the PMEl and ETR Jimsphere 

data. 

The signi f icant  var iat ions  noted above f o r  the exponents r and n2 of the 

power law relations  (Equations 1 and 2) which may possibly  be  part ia l ly  

re lated  to  season and method of observation is  also noted when zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 and n 

are  derived from data at  1 km a l t i t ude  interv&CLs. As i l l us t ra ted   in   F igure  

4.3, 5. tends  to  be smaller at  a l t i tudes  above 12 km and n2 tends t o  decrease 

wi th   a l t i tude  for   the ETR pro f i les  and is somewhat e r ra t i c   f o r   t he  PMR pro- 

f i les .   S imi lar ly ,   as  i l lus t ra ted  in   F igure 4.4 tlie constants C and E 

general ly  increase with al t i tude  again showing a relat ively  steady  t rend 

fo r   t he  ETR sample. 

i 

2 

4.4 CONCLUSION 

For this study emphasis has been  given t o   s t a t i s t i c s  of w h d  shear  mgnitude 
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TABLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4.2 

MEANS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAM) STANDAFD DEVIATIONS OF VECTOR SHEARS FOR VAIIIOUS LAYER THICKNESSES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND CONSTANTS c, E, nlj zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A z(m> No. of 

AND n, OF  EQUATIONS 4.1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND 4.2 FOR CAPE KE2lNEDY JIMSPHElB  PROFILES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
L 

z(kJd 50 100 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA400 800 1000 3000  5000 ob6. C E n 1 n, 
C 

8 Mean(m/sec) 0.59  0.99  2.62  4.05  4.64  9.79 14.12 1154 0.042  0.68 
Std. Dev. (m/8ec) 0.43 0.67 1.81 2.77 3.15  6.12 8.93 ' 0.031  0.67 

9 

10 

iE 12 

13 

14 

15 

8-15 km 

M. 

SOD. 

M. 

S.D. 

M. 

SOD. 

M. 

S.D. 

M. 

S.D. 

M. 

S.D. 

M. 

S.D. 

M. 

S.C. 

0.60 

0.65 
0.46 

0.73 
0.61 
0.82 

0.63 

0.99 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0.78 

1.17 
0.82 

1.27 

0.97 

0.43 
0.99 
0.66 
1.05 

0.69 
1.15 
0.87 
1.30 

0.90 

1.56 
1.08 

1.88 
1.14 
2.01 

1.25 

2.75 4.24 
1.80 2.89 
2.83  4.49 
1.84 3.00 

2.27 3.42 

3.47 5.46 

2.32 3.78 

3.13  4.82 

4.07 5.88 

2.73 3-87 
5.02 7.11 
3.10 4.52 
5.35 7.83 
3.06 4.55 

4.93 
3.31 
5.22 

3.57 

5.47 
3.81 
6.20 

6.51 

7.6~1 

4.87 

8.55 
4.92 

4.30 

4.23 

10.16 
6.38 

6.73 
10.87 
7.26 

n .25  

10.71 

6-98 
10.05 
6.61 

10 . 07 

10.44 

7.41 

6.33 

0.69 
0 028 ~ . 7 0  

0.68 

0.030  0.70 
0.67 

0.050 0.63 

0.046 0.66 
0.58 

0.64 

0.078 0.58 
0.51 

0.0n 0.62 
0.48 

0.099 0.57 

0.81; 1.34 3.60 5.41 6.07 10.51 14.25 8708 0.082 0.62 

0.70  0.99  2.58  3.84  4.23  6.76 8.94  0.061 0.62 



TABU zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4.3 
MEANS AND STANDARD DEVIATIONS OF VECTOR SHEARS FOR VARIOUS LAYER THICKNESSES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAM) CONSTANTS C, E, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1, 

AM> n2 OF EQUATIONS 4.1 AND 4.2 FOR  POINT MUGU JIMSPHERE  PROFILE3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A z(m> No. of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Z ( W  50 100 400 800 1000 3000 5000 Obs. C E n  1 
n 2 

9 M. 
S.D. 

10 M. 

S.D. 

11 M. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-I= S.D. 

I 2  M. 

S.D. 

\o 

1 3  M. 

S.D. 

14 M. 

S.D. 

15 M. 
S.D. 

8-15 km 

M. 

S.D. 

0.61 
0.47 
1.00 

0.68 

0.98 

0.90 

0.85 
0.54 

0.97 
0.52 

1.10 

0.68 
1.17 
0.61 

1.08 

0.79 
1.74 
1.24 
1.46 

1.20 

1.41 
0.81 
1.71 
0.89 

1-90 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0.92 

1.85 

1.00 

3-40 
.87 

4.90 
4.08 

3.94 
2.58 

3.55 
2.25 

4.28 
2.32 

5.13 

2.59 
5.30 
2.50 

5.24 
4.41 

7.75 
6.76 

5.93 
3.90 
6.00 

3.23 
6.18 

3.85 
6.79 
3.67 
6.29 

3.38 

5.81 

4.77 
8.88 

7-91 
7.33 
5.22 

7.23 
3.72 
6.87 
4.54 

7.48 
4.13 
6.91 

3.31 

9- 4-8 
7.03 

14.37 
9- 56 

18.32 
10.87 

17.07 
10.15 

12.52 

6.43 

12.79 
7.65 

12.66 
6.74 

12.91 
8.03 

179  69 
9.78 

21.71 
11.45 

a* 77 
10 93 
19.40 
8.85 

15.86 

8.3 
13.56 
8.07 

77  0.054 

77 0.098 

80 0.061 

0.021 

0.029 

0 093 
80 0.051 

81 0.091 
0.042 

0.032 

0.056 

0.066 

80 0.135 

76  0.160 

0.66 

0.63 

0.70 

0.72 

0.63 

0.58 

0.80 

0.82 

0.57 

0.65 

0.72 

0.63 
0.54 

0.59 

0.91 1.52 4.14  6.01  6.88 13.21 16.99  627  0.081  0.64 
0.66 1.01 2.84  2.84  4.26  4.93  8.76  980  0.045  0.68 



10.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Figure 4.1 Mean Vector Shear as a Function zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof Leyer  Thickness 
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Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4.4 C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof Equation 4.1 and E of Equation 4.2 as a Function of Altitude 



computed from a r e l a t i v e l y   l a r g e   s a p l e  of data obtained i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAall seasons. 

Therefore  comparisons  with  other results derived from a few l a te  summer 

soundings,  which show poor  agreement, further  support  the  hypothesis that 

the  constants of the proposed power l a w  re la t ions are a f’unction of season; 

addi t ional   factors which may contr ibute  to   the  poor  agreement a re  system- 

at ic  errors  associated  wi th  the methods of observation  (rockets, smooth 

balloons and J imphere)  and d i f ferences  in   the  a l t i tude  range of the  obser- 

vations which was 8 t o  15 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm f o r  Jimsphere  data and sur face   to  3.05 km f o r  

the White  Sands data (Armendariz and Rider). 

The ETR and PMR vector  shear  magnitudes,  derived from s e t s  of soundings 

which d i f f e r  more i n   s i ze   t han   i n   t he i r   d i s t r i bu t i on  by season, show a 

d i s t i n c t   s i m i l a r i t y   i n  the var ia t ion of means and standard  deviat ions as 

a function of layer  th ickness. 
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Section zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 

MATBEMATICAL REPRESENTATION OF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGUST FUNCTIONS 

5.1 DJTRODUCT ION 

In th is   sec t ion   the  aim is t o  develop a method of representing  gust 

functions that are observed in  detai led  J imsphere wind profi les.  This 

w i l l  be  achieved by u t i l i z i n g  a technique  developed zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand used by Dutton 

( R e f .  2) .  The theory of the technique is  discussed and a method of 

appl icat ion is suggested. 

5.2 THEORY 

Dutton  used  data  obtained at  low a l t i tudes  i n  a turbulent wind f ie ld .  

Four s e t s  of data were obtained at  each  of s i x   l eve l s  a t  Cape  Kennedy 

below zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA150 meters. A t  each  level  wind d i rect ion and speed  were measured 

a t  i n te rva ls  of 1/10 sec  over a long  period of time. From t h i s  a vector 

wind veloci ty 3 (t ) w a s  defined and an  average  vector zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 was calculated 

according  to 

rn 

* -.) 

v = I, v ( t )  d t  T zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 

where T, the  durat ion of some par t  of the  experiment, is se lec ted   t o  i n -  

clude  the  port ion of the wind record which has the  largest  gusts.  Then 

the  un i t   vector  f i s  taken  along  this wind d i rect ion and 3 orthogonal t o  

it. The longi tudinal  (u)  and l a t e r a l   ( v )  components of the turbulent wind 

are defined  by: 

"t 

u = (u  ( t )  - u  ) i 

v =  ( J ( t )  - v )  j 

+ -. 

(5.2) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 

Thus, at  each  level,  not only the  WW direct ion and speed,  but a l ~ o  the 
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u zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand 'v components zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAare giveu as a function of t ine. For a par t i cu la r  run, 
a t  each  level ,   ten  largest  gusts,  f o r  each component a re  chosen for every zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
g u s t  at each  level.  Assuming the   va l id i ty  of Taylor's  hypothesis, a 3,000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ft. s m p l e  of data i s  extracted from the whole record i n  such a way that 

the gust f d . s  i n   t he   cen te r  i.e. 1500 foot  of data on each  side of the 

gust. The aim i s  to   f ind  the  generd  shape of these  functions a t  all s ix  

leve ls .  To t h i s  end a correlat ion ma'iiilc, R (Xi, X .), [ i, j = 1, . . 
N j  i s  defined as follows: u and v are chosen at  random points X . . ., 
X. on the 3,000 foo t  samp1.e ( in  Dutton's  case zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN is taken  to  be 50)  for   each 

of t h e  1.0 gust regions at each  of  the  six  levels. L e t  u .  and v.  be  the u 

J * >  

i 

n 

th 1 1 

anu zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATJ c:ornpol?e:its Of i gllSt. A correiat ion  matrix  defined f o r  the 
u coraponent according t o  

1 
10 

T h i s  correlat ion  matr ix i s  used f o r  app l ice t ion   to  :;he theory which w i l l  

be  developed  aext, A similar correlat ion  matr ix is calcu.lated  for  the v 

component. The aim is  t o  represent  these  guat  functions by some s e t  of 

known f unc zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi; ions. 



J zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 5 . 5 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
But zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 could  be more l i k e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf than it is  more "unlike" zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- f; therefore we would 

l i ke   t o   rede f ine  (5 .5)  SO that @ i s  acceptable if it e i the r  i s  l i k e  f or  - f .  
Thus we f ind it more convenient t o  use 

D = j ( f  - @ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA)2 dxJ(f + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAq5 )2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAdx 

In (5.6) we can  use  the  normalized form of f and @, denoted by f and Gn 

and rewrite ( 5 . 6 )  as 
n 

A simple calcu lat ion shows t h a t  

Dn = 4 ( 1 - p 2 )  

Thus a maximum of B (p ) gives a m i n i m u m  of E (Dn). Thus solving  the 

problem,  which involves  f inding a @ t o   s a t i s f y  (5.4) i s  the same as f inding 

a @ t o   s a t i s f y  (5.7), and vice  versa.  Further any @ which  resembles f or  - 
f w i l l  be  acceptable. And f ina l ly ,  i f  w e  are a b l e   t o  produce  such a @, it 

would be more "llke" zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAall the  f'unctions of the  set  simultaneously. Moreover, 

resemblence is i n   bo th  senses of (5.4) and ( 5 . 7 ) .  It only  remains t o  be 

seen  whether  there is  such a 9. A staqlad method of  calculus of var iat ions 

is used,  i.e. it is  assumed that there i s  a maximizing function @ which 

induces a small var ia t ion  8 6 9 in @; 8 = e 6 @ is substi tuted  Into  Equation 

(5.4) which ie d i f fe ren t ia ted  with respect to e at E: = 0. It follows that 

2 
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must zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbe solved. TNs is  a typical   e lgen v d u e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAproblem. Therefore,  there 

i s  not only one, but zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa whole s e t  of solutions t o  this Integral  equation. 

If we set X,, X,, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. . . as possibla  eigen  values  with X1 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI, 2 . . . we 

get  corresponding  eigen  fuxt ions @,, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAG2, . . . upon se t t ing  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
H ( x,y) = E [f (x) f ( y )  ] 

from (5 .9)  w e  get  

where 
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(where zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 0 i f  m # n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand = 1 i f  m = n)  . Thus the  coef f ic ients  are un- 

correlated  acro6s  the set. The advantage  of th is   ana lys is  is tha t   the  t a i l  

end of the  series is cut  of f   in  the  formula (5.12) i.e. i f  we consider  the 

f irst n terms i n   t h e  power series expansion  of f ,  we get   c lose enough approxi- 

mation  of it. Of  course  the  larger we choose n, the  c loser  we g e t   t o   t h e  

actual  value  of  the  function. But t o   g e t  a f a i r l y  good estimation of the  

function, n does  not  have t o  be  very  large. For example, i n   t h e  ca6e of the 

data  d iscussed  in   the earlier prargraph, i f  we take only the  f irst eight 

eigen  functions,  they  already  explain at  least 97 percent of the  var iance  in  

each component. We can, in   fac t ,   ca lcu la te   the   e r ro r   in   the   es t imat ion  of 

the  function by the  f irst n eigen  functions; l e t  en ( f )  be  the  error. It can 

be shown that 

m, n 

Some further argument zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwould lead t o  l i m  en ( f )  = 0 i .e. 
n - . m  

the   e r ro r  can be made a r b i t r a r i l y  s m a l l .  

This  theory i s  used t o  analyze  the data mentioned in  the  ear l ier   paragraph. 

The correlat ion  matr ix (5.3) computed there i s  used i n  a summation forn of 

Equation (5.11). A standard  eigen  value  process i s  appl ied  to  the  matr ix 

and i t s  eigen  values and eigen  functions  are found. A s  mentioned ea r l i e r ,  

by j u s t  using the first eight  eigen  functions, 97 percent of the  variance 

i n  each component is explained. 

5 . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 APPLICATION 

TO apply  the method outl ined above it is  suggested that a number of Jimsphere 

prof i les   c losely   separated  in   t ime  be used. The time separation i s  analagous 

to   the   a l t i tude   separa t ion  of  Dutton's data. Random points, xi, are chosen 

t o  be at  some f ixed  al t i tude6  of   the  prof i les.  The  number of  xilS  used i s  a 

function of the degree  of  accuracy  required. For N pro f i les   fo r   the   per iod  
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of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFnterest   the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA!i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmil v zoq>onen-bs of the nth pro f i le  a t  t he   a l t i t ude  x are zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
de:r,oted. by u zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(x,) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand vn (xi).  A correlat ion  matr ix i s  formed f o r  the  u 

component, E (xl, x.) = - u ( x . )  u (x.), and s imi lar ly  for the v 

component,. The der ivat ion of the  functions which descr ibe  the u an6 v com- 

ponents of each p r o f i l e  from each  cor re la t ion   mt r ix  was described in the 

previous  section. 

i 

11 

1 
N 
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the  extent zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand l im i ta t ion  of t h e i r  use. Most important i s  that t h i s  

analysis does  not  reveal  significant  information  about  the  vertical  vari- 

a t ion  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAw i n d  vectors. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIn addition, i n  in terpret ing  the  resul ts  of t h i s  

analysis as it r e l a t e s   t o  space  vehicles it should be  understood thzt the 

Jimsphere  views  the  atmosphere i n  about an hour and a half as it r i s e s  

from the  ground t o  18 km compared to   the  spacecraf t  which  covers  the same 

ver t i ca l   d is tance  in  94 seconds. What the  spacecraft  sees  requires a 

fu r ther   in te rpre ta t ion  of the  resul ts .  

61 



Section 6 

CONCLUDDiG REMARKS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND FBCOMMEIDATIONS 

6.1 GUST STUDIES 

Following  the  approach  suggested i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAan ear l ie r   s tudy  of  Jimsphere pro f i les  

(Ref, 1) a set of  gust   prof i les have  been  derived in   the  t ime domain  of a 

Saturn  vehicle. An analysis  of  these  gust  prof i les  (Section 2) has re- 

vealed  that   the i r   spect rum  densi t ies  are  genera l ly   smal ler   than  spect ra 

dens i t ies  of alt i tude  prof i les  convent ional ly  t ransformed  to  the  t ime 

domain (Equation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2.7). It i s  suggested  that  the  conventional  trausformation 

is inva l id  for t ime  dependent  vehicle  velocities and that  the  spectrum 

dens i t ies  of the time domain prof i les   der ived  in  this study  are  the most 

accurate  estimate  of  the  spectrum of horizontr21 wird speeds  seen by a 

Saturn  vehicle. It i s  recommended that other  aspects of these ne;rly 

dertved gus-t pro f i les  be  studied, Of part icular  i r , teresl ;  i.s the   var iab i l i t y  

o f   gus t   s ta t i s t i cs ;  for example, the  d is t r ibut ion  funct ions and the d i s t r i -  

bution of  spectrum dens i t ies  of gusts cmpG.ted for a number of vehicle 

f l ight   t ime  intervals  should  be  strat l f ied  according  to  season and locat ion 

(PMR, ETR, Wallops Island, White Sands) to   pa r t i a l l y   ex2 la in   t he i r   va r i -  

ab i l i t y ,  

6.2 ANALYSIS OF w m  SHEARS 

The mean and standard  devizt ion of vector sbe.33: magnitu5es at  aJ_t,itudes 

between 8 and 15 km can  be  described by similar puwer la,w functions of 

layer  thickness  (EqGations 4.1, 4.2) f o r  Cape  Kennedy and Point Mugu 

Jimsphere  profiles. The s ign i f icant   d i f ference between these functions 

and others  derived  from a few s m e r  prof i les   obta ined  wi th   d i f ferent  

measurement techniques is p a r t i a l l y   a t t r i b u t e d   t o  a seasonal   var iat ion of 

the constants i n  the  parer  l a w  f'unctione. It is  recommended tha t   fu tu re  

s tud ies of the  magnitude of vector  shear  establ ish  the  constants  in the 
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parer zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlaw funct ions  for  w i n d  pro f i les  grouped  according t o  month or season; 

a l s o  recommended is  a test of the hypothesis that the  constants  are  cor- 

re lated  wi th  the  vector shear direct ion,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A s  suggested by  Court (Ref .  1) the observed  relations  between means and 

extremes of s h e a r s   t o  layer thickness is  a t t r i bu tab le   t o   t he  decay  of in te r -  

leve l   cor re la t ion  of zonal and meridional wind speeds  for  increasi-% layer 

th ickness;   to  test  this  hypothesis, it is suggested  .that Jimsphere pro f i les  

be used f o r  a study  of  the  decay of inter- level  correlat ion  beginning at  

75 m layer thickness, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6.3 PROFm zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASAMPLING 

Lu Section 3, two va l idat ion tests of a method for  select ing  representat1vt .  

p ro f i l e  samples indicated that a)  on the  average  the  extremes were 

sl ight ly  over-est imated  for   the  select ion  character ist ics,  and s l i gh t l y  

under  estimated  for  the test  character is t ics ,  and b )  the  spectra of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm y  

one of the  f ive  profFle  sub-sets  selected from a random sequence of the 

parent  population  offer a fa i r  approximation of that of the whole sample. 

It i s  recommended t h a t   f u r t h e r   t e s t s  of the method be gerfoxned to estahiis!l 

how well pro f i l e  samples  obtained by using  se lect ion  character is t tcs  In 

fewer  categories  such as quar t i les  or quint i les,   instead of deci les,  

rep.resent  the  parent  population. 
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MAXIMUM W I N J I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASPEEC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAND MAGNlTUDB OF VARIOUS VECTOR SHEARS, WITH 
CORRESWNDING ALTITUDES (TOP OF SHEclR LAYER), BETWEEN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 AM) 14 

KM IN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 0  JDSPHERE W I N D  PROFEES OVER CAPE XENNEDY. 
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APPENDIX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI1 

C 0 H F " O N  OF CHARACTERISTICS OF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA900 WIND zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPROFILES 

Each 10 X 10 t ab le  i n  this Appendix gives  the number of p ro f i les  which f e l l  
i n to  the  ind icated  dec i les  wi th   respect   to  two c r i t i c a l   ( s e l e c t i o n )   o r   t e s t  
(ver i f icat ion)   character is t ics .  Thus, the   upper   le f t  entry in the first 
tab le  shows tha t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA32 of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 0  prof i les   both  the maxirmun wind speed and 
the   la rges t  100-meter  positive  shear were in  the  lowest  deci les.  The upper 
r ight   f igure  ind icates  that  3 pro f i l es  i n  which the maximum wind speed was 
in the  h ighest  deci le had no appreciable 100-,cter posi t ive shears, because 
the max- such  shears were i n  the  lowest  deci le. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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FUND zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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APPENDIX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIII (Cont. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) 
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