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TECHNICAL. MEMORANDUM*

SURFACE TO 90 km WINDS FOR KENNEDY SPACE CENTER,
FLORIDA, AND VANDENBERG AFB, CALIFORNIA

INTRODUCTION

This document updates two previously published documents |1, 2] and
presents empirical, bivariate normal (Gaussian) wind component statistics for
Kennedy Space Center (KSC), Florida, and Vandenberg AFB (VAFB), Cali-
fornia, for altitudes 0 through 90 km, The bivariate normal statistics for all
months, January through December, for the 90 degree flight azimuth are given
in tabular form as well as presented in figures, The normal distribution was
not applied to the annual reference period since this is a heterogeneous sample
and should not be represented by a univariate statistical model,

The standard meteorological notation for this 90 degree flight azimuth
defines u as the zonal wind component (+ from west) and v as the meridional
wind component (+ from south). The sample estimates of the theoretical mean
p are u and v. The sample estimates of the theoretical standard deviation
o of the zonal and meridional wind components are S(u) and S(v), respec-
tively. R(uv) is the sample estimate of the theoretical correlation coefficient
between u and v, while N is the sample size. The five statistics u, v, S(u),
S(v), and R(uv) completely define a bivariate normal elliptical distribution,
From these five parameters the probability distributions described by Smith [ 3]
and the statistics for any rotation of the orthogonal axes through any arbitrary
angle « , presented by Falls and Crutcher [4], can be computed, This interest
is motivated from an application of wind component statistics with respect to any
flight azimuth of an aerospace vehicle, Because of this important application,
the necessary expressions for this operation, giver in Reference 4, are rcpeated
here, Presented are the final rotational equations for the means, variances, and
correlation coefficients:

1) Rotation of the means through o degrees:

i]

ﬁa U cos (90 ~ ) + Vsin (90 - )

Va ¥ cos (90 =) - T sin (90 -~ )

* This document supersedes TMX=-64771 [1] and TMX=64897 [2) and should be
used in place of them.
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2) Rotation of the variances through o degrees:
S(u);‘; = S(u)? cos® (90 - @) + S(v)? sin® (90 - )
+ 2R(uv)S(u)S(v) cos (90 = o) sin (90 =~ o)
s(v)fy = 8(v)? cos? (90 = ) + S(u)? sin? (90 - o)
~ 2R(uv)S(u)S(v) cos (90 - ) sin (90 -a) .

3) Rotation of the linear correlation coefficient R(uv) through o

degrees:
S(uv)n
R(uv)a = S———_—-(u)a S(V)a

where S(ulv)(y is the rotated covariance expressed as:

S(uv) = S(uv) lcos® (90 = ) - sin? (90 - v )

+ cos (90 = o) sin (90 - &) (S(v)* -S(u)?)|
and
S(uv) = R{uv)S(u)S(v) .

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

DATA USED

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



period (January 1956 through December 1974) available at all 28 altitude levels
for KSC, and N = 7 304 observations from January 1965 through December 1974
for VAFB. The serially complete data are obtained from twice daily radiosonde
balloon releases at cach site, with the exception of KSC relcascs between
January 1962 and December 1966 when four daily soundings were obtained.

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

All wind data used in this study were originally recorded as vector winds
(wind speed and corresponding direction), These vector winds were subse-
quently resolved into components along the azimuths « = 90 degrees and o =
360 degrees (true north).,

Over the last 10 years the Meteorological Rocket Network (MRN) ranges
have been measuring the upper atmosphere with instrumentation sent aloft by
more powerful meteorological rockets, such as the Super Loki System. This
allows for the mecasurement of the atmospheric properties in excess of 90 km
altitude, which is far above the previously limiting altitude of approximately
60 km that had been attained by conventional Arcas and Loki type MRN rocket
systems in the earlier days of high=altitude atmospheric data gathering, One
item that the new MRN data show is that the altitude of maximum wind speed is
a little higher than previously thought, The early MRRN data seemed to indicate
the altitude of max wind speed (above the jet-stream winds) band to be located
between 55 and 60 km altitude, since observations were limited, and question-
able, above the 60 km level at that time. The newer rocket wind data sample
for these two sites indicates the peak to be located between the 62 and 65 km
level for most months of the year, This is another reason for updating the
winds-aloft information for the two sites.

DATA PRESENTED

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



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

The bivariate normal statistics for all months are presented in Tables
1.1 through 1,12 for KSC and in Tables 2.1 through 2,12 for VAFB, They are
given for a 90-~degree flight azimuth (o = 90 degrees), which is the standard
meteorological notation that defines u as the zonal wind component (head-tail
wind) and v as the meridional wind component (crosswind), where a positive
(+) u indicates a wind from the west and a positive (+) v indicates a wind from
the south, The wind components presented in this report are given in units of
meters per sccond. Even though small wind data samples exist in the 70 to 90
km altitude interval, all the rocketsonde wind data are presented here, if more
than two observations were available,

The monthly bivariate normal statistics are also plotted versus altitude
in Figures 1.1 through 1.12 and Figures 2,1 through 2,12 for the KSC and VAFB
locations, respectively. The figures associated with the proper tables are
printed on successive pages in this report, The reader may notice the erratic,
unrealistic b iavior of the parameters [especially R(uv) ] from time to time at
these higher altitudes due to the low number of observations used. Erratic
jumps, or spikes, noted in the figurcs between 27 and 28 km are due to the
large decrease in data sample size (radiosonde to rocketsonde) that occurs at
this level.

At mid-latitudes in the northern hemisphere easterly winds prevail
throughout the upper stratosphere and mesosphere during the summer months.
while westerly winds dominate the winter months[5.6]. This seasoual upper
level circulation pattern change is the result of the changing thermal structure
of the upper atmosphere. which establishes an anticyclone over the northern
hemispheric summer pole and cyclonic {low around its inter pole. The transi-
tion months of approximately April and September may exhibit a slightly differing
and somewhat erratic structure of rocket measured winds because this is a time
of the winter westerly's changing over into the summecr easterly regime (or
vice-versa) at these altitudes. A typical winter to summer change-over in the
upper-level wind field at KSC is shown and discussed in Reference 7. Using the
five parameters at azimuth @ = 90 degrees. the statistics for any rotation of
axes of the bivariate normal surface may be obtained [ 4].



CONCLUSIONS

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

Wind velocity components are variables that are unbounded at both ends.
This ~onstraint is satisfied by the normal distribution whose domain is from
minus infinity to plus infinity, The use of the Gaussian model has a number of
advantages, For example, if the wind components u and v are normaliy
distributed, the scalar wind,

1
w o= (uf+ v % ,

has a noncentral chi distribution, From a theoretical point of view, this prop-
erty of the normal distribution illustrates one of its many advantages as a
statistical model to represent random variables,

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

Bivariate normal wind statistics are also available from 0 to 27 km
altitude for the Edwards AFB/NASA-Dryden Flight Research Center, California,
as presented in Reference 8, The 28 to 90 km altitude Vandenberg AFB wind
statistics givea in this report can be used for the >27-km altitude region at
Edwards AFB.
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Table 1.2,

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

TABLE 1.3,

March
Alt (km} u v Stu! Siv) Rluv) N
° (1] 14 3 2 1 3 - (R R4 ]
1 313 L 64 b 1] ({3 1179
2 7 e T ? 619 17
3 10 351 t 10 e 42 & % 11768
4 14 00 83 L1 | 7 2 1
s 17 2 T 10 32 ? 2 1
. 21 30 " L s 52 17
? 28 19 112 12 30 ’ e nwe
’ 28 47 116 13 33 1o 23 1n7e
k] 32 42 ” 14 60 e 1"
10 36 29 3 13 92 13 21 nze
18 49 13 43 16 41 14¢ 78 1
12 431y st 18 67 14 <0 1T
13 43 0 ) 13 83 12 7 1170
[X] 40 29 ” 12 32 1o 28 [RR4 ]
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19 1o 3% 32 [ 4 492 1178
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21 11 - 11 % 9 3 3 117%
22 [ 1Y - 27 6 0 3 &) nre
23 $) - % 4 of 3 s 17
24 3% - 69 ¢ 44 3 #1 1y
23 L 1] - 0 7 14 3 4 1179
24 V73 [ 3] b 1 4 3 38 (R4 ]
27 2 43 - 40 9 0 3 64 e
20 ¢ 01 189 " 20 313 2
29 [ K] 1 67 [N 1} 3 4 93
10 10 312 213 L 1] 1 7¢ L 21
3 12 44 PR H] ’ 73 3 02 ’"%
32 14 24 2ty 10 40 41 97
3 13 87 13 11 03 4 93 "
34 16 93 3o 13 o8 3 00 %
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3 13 9% -1 e 14 23 3 a8 L 2]
3?7 12 3¢ - 3 14 19 S 04 "
3 1 ose - 06 13 0 5 & "
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. 2 02 N 16 12 ¢ 39 "
. 12 27 2 02 17 14 PRET %
42 12 8y 108 17 97 ? 11 ’”
43 13 93 29 19 09 719 1o0
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“ TR s 29 20 23 " @2 .04
47 16 49 3 83 2 N 7 &8 102
. 18 00 ? oo 20 23 ? 22 182
4 20 19 7 i1yt T3 100
30 21 6% e 20 20 7 9% 101
LB 22 8¢ ? 10 20 %4 7 9% - ”
52 24 82 ? a9 20 13 s 23 ’”%
31 26 23 ? 86 ¥ 4 1] - "%
54 26 o1 a2 19 90 s 02 - ”°
33 20 83 Y 00 20 &4 Y 30 st
3¢ 2% 22 L | 0 30 "N [ 13
37 3o 34 LINY} ¢ 34 9 28 { 1]
se 31 70 18 34 20 92 4 53 143
39 12 74 tr 82 20 &3 9 92 (1]
60 33 6¢ 12 1 20 & 12 00 EL ]
6l 37 02 19 70 21 67 13 %% 44
62 1 e ) 82 FERNS) 11 47 - "
63 36 77 190 60 4 13 13 o8 31
L 34 22 s 07 23 62 12 74 7?7
(1 14 92 (S} 22 37 11 9% 26
. 1 a « 5 2 * o1 22
[ ¥4 30 12 (1] 19 73 10 80 17
(1] a2 24 o8 LN 3 3 3 L7
‘s 21 11 <148 21 €0 135 13 19
70 20 t1 -2 32 07 e 42 19
71 14 44 N X4 F{ NS} 17 9% e
72 ? -% 17 20 91 e 83 (R
73 4 94 -6 427 1 27 (X -1 17
74 3 %0 -4 19 21 36 (3 B 1] 14
78 -3 29 -4 70 1 n 17 2 - 14
76 ~9 &2 - 54 16 1 16 6t - 13
77 13 3¢ 2 34 135 23 17 13 - 13
’e “1é 46 ¢ %4 14 2) 18 22 (R
79 <17 78 7 30 13 6 13 82 12
00 -10 13 s 92 12 70 21 o8 13
g1 -17 23 21y 13 n 22 49 2
2 -13 27 23 73 6 22 24 40 11
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% -3 20 23 20 14 36 17 13 s
[ k4 -6 00 24 00 13 3?7 17 66 3

10




[ (PN

t oA

*ypnwrze Y31y 99130p 06 ‘SOTISIIEIS PULM [BWICU JBIIBATQ DSH

{

|
'
4
i

m
m

IN3TJ144300 NOTIMTINN0I

N WX pL IAOLY
NV 'SLLL = N W% 82 MO

(W¥) 30NL14TH

(82

.,vwﬂ
T
Ta
+os
e
AS

Toe

* o8
NOILWIA3Q O¥HANDLS

HJIYUH

(HANOS WOR 3 +) LNINGINOD GNIM (4} TYNOIGIY IN &
(LS3M0 WOUS +) LNINOIWOD GMIM ("} TYNOZ @

(M) 30NLsLs

A}
S 2 ool \ (-]

—-— o — — ']..S:-.«-:-u—o«

- ffi?ijt:itjt:T'..""“°"-..;..¢-°-:a..

p

’

/

)

-
N

A

WV

i
i

SININOJHOD ONIM

*¢°1 oamdrg

- %

Tor

e

~es

~as

7%

T

~oe

~se

(WM) 3an1T1T0

11



TABLE 1.4. KSC BIVARIATE NORMAL WIND STATISTICS,
M
90 DEGREE FLIGHT AZIMUTH
April

{km} u v S(u} Siv) Riuv) N

° - % 3 3N 3y - iied 1140

1 103 123 6 72 s 29 4004 1140

H 37 3% 7 12 LTS 10813 1140

k] 610 - % 8 s 9 096? 1140

4 €63 -t t3 ¢ 78 6 63 1598 1140

H tt 21 -t 42 9 o 7 a0 2054 ttae

H 14 01 -1 72 10 41 7 3% 2329 t14¢

4 16 90 -2 02 142 [ QXY 2644 t14e

[ 'y 80 -2 38 12 77 s 3% 2207 tree

s 22 < -2 0 te 26 1o ¢3 2976 t1ao

1o LI -1 49 18 37 Lz 23 J3e2 t14e
1t 28 99 -4 1 16 38 13 79 3149 140
t2 32 7 -4 73 16 46 [TIN1Y 3218 1140
[ 34 1¢ -4 8¢ 13 83 13 8¢ 333 1140
14 12 19 -4 3¢ 13 92 1y 9% 3433 t140
13 28 24 -3 41 el LI Y] 321 114
16 23 34 -2 % e [ I 1] 2001t tieo
L? 17 3¢ -2 3?2 s 2y (28 1] 2776 lida
18 11 03 -1 88 7 83 s 42 2338 t140
19 3 3 -t 1y 6 60 432 2%10 1140
20 t 73 - 87 5 68 390 2008 1tae
21 - 40 - 4 9 322 1220 1140
22 -1 78 - 75 4 40 2 e 1218 [SEL)
23 -2 49 - 9 .22 2N 63 t14e
24 -2 %6 - 74 S 14 2 % 1319 1140
13 -2 19 - 84 373 3 az 1932 140
e -1 %) - fe 6 9 ERT 1058 1140
FR4 -2 - 78 7 09 3 2 1147 1140
8 228 147 6 83 3 4 - 6306 L3
29 401 122 [} 378 0481 L} ]
3o 462 15 8 o3 e 2366 LE]
31 5 61 178 [ IR X LERYY 3 7
32 [} 103 [N 1) 432 2917 11
3 ? 00 ED) 103 4 3y 2344 .7

34 789 33 1 ?e 9 iy ”"
3% ? 3¢ - 9 12 5% LI 13 0102 L1 ]
3 6?1 -1 01 12 9 - 0783 L}
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3e s 62 -1 %0 1noe (3K - 0302 (1]
39 ‘b - 94 1 82 [ 0323 100
LY 45t EX "o1e 6 4 1083 161t
1 44l (1} o2 618 1498 103
42 [ 34 [ 1o 76 o 4 1095 104
w3 418 % 1IN (314 1886 101
44 3 42 €2 IR s 92 1942 104
. 23 199 1 e 6« 0240 to4
“h H 2 01 12 05 [ H (X134 102
< « 27 328 (AR 1) 7 4 1032 102
.t [ 3 6 12 3% 7 16 1033 103
« 2 44 .97 12 93 LR T 1494 103
$¢ 2 43 1y 13 38 .7 0691 102
St 2 12 4 34 14 00 LA T o318 13
EH 19 443 14 939 v 0701 104
(R} + 88 ‘60 14 32 [ 13 (341 102
54 [1] 4 62 1. 22 [ 0233 %
33 t 23 47 14 34 ? N - 0137 L]
36 . [ 13 t3 33 LR 0754 90
57 58 s 52 13 22 24 0316 88
18 7? 6 o8 13 42 [AR H 0809 7y
sy 12 . % 19 09 8 48 232 74
60 t 21 4 30 13 9¢ [ 1 1419 6
%! [ 1] 17 13 34 [T 0768 3
€2 3 ¢4 s 69 15 75 ? 0% - p983 .8
€3 483 7 e 15 94 [T 6133 3s
Y] [T 6 60 17 29 v 7 o108 33
(1] e 3 00 16 26 1o 64 o704 33
13 ) -7 15 $2 1L 64 0241 32
w? -1 93 -4 27 16 28 110 2316 3¢
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(%] -7 73 -7 %4 18 22 L1y - 0838 26
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73 ~13 4¢ -8 67 18 €3 1y 2y - 0562 ts
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78 -3¢ 23 -2 09 17 08 20 6% 2992 1
7e ~3% 00 -4 3o 1414 R INY] - 1284 X3
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[ 7 -3% 00 370 t3 a8 2 44 [YLTY e
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TABLE 1.5. KSC BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

May

Alt (km) G v S(u) Siv) Riuv) N
o S1 3 €1 79 2 YY) e
1 - 92 Lz s 29 ‘ 1189 nze
2 1 00 2t s 2 ‘ 2730 18
3 233 - o1 613 ‘ 2621 e
. 147 - 20 ‘N s 2283 1720
s 'E - a2 ? 12 s 2299 e
‘ ¢ % - 87 7 s ‘ 2243 178
y Y - sz ’ 37 ? 2379 17
’ 1o 27 - 87 ’ 2 ’ 2129 1n7e
s 19 - e 10 17 ’ 2132 179
‘o 14 07 -7 11 1 2292 1178
1 16 69 -1 oe 12 97 12 2608 17e
12 1% 51 e 16 21 13 2787 nee
13 21 %9 -2 m 14 20 19 2961 T
e 20 99 -3 23 12 3 1 3034 17
s 17 78 -1 34 10 29 ’ Jess 1nze
16 13 30 -3 o4 KT ? 3307 e
17 s 20 -2 49 ? o2 s 12n e
10 34y -2 02 s ‘ 2636 17
T - oe -1 3 « 2 3 2051 17
20 -2 40 <1 te ‘30 2 1434 1178
21 ~4 31 -1 P 2 oite 1nee
22 -8 73 - 62 ‘1 2 - 0296 nre
23 -6 %0 - 22 2 T 170
24 e - e P 2 0234 17e
23 -6 9 -9 s %0 2 0023 N
26 T - 83 s 5 2 0163 1179
27 e T s o2 2 0072 12
28 -5 33 @ ¢ 12 2 1640 73
29 -3 24 -1 ¢ 32 2 - 0324 2
30 -5 - 18 T 3 - 01y e
31 -3 33 1 7 03 3 - 0602 74
32 -3 24 {13 7 3 YTy p
33 <418 e s o 3 ony? 7
34 <3 e ”" 7 69 3 0403 79
13 -3 a1 o0 ? e 3 1170 1
36 -4 77 - s ? s 3 1333 78
az -6 47 -1 o8 e 00 “ - o704 ”
I T - 30 T s . - 1087 70
39 Y IS ? « - 1348 2
0 -9 03 o8 67 ‘ - 1993 77
ot ‘1o 29 - Y « oznl 7%
.2 12 3 -2 7 20 . 0437 I
a3 14 50 e T ‘ - onst %0
a4 -16 94 49 ? 04 ] 009y L)
s -0 92 {92 7 oy ’ oadd ¥
“ nET Py 7 3y s o804 "
o TR 3 04 7 3 oris 52
« -20 9 2 52 8 6o s one2 0
.y -2t 98 373 ’ o8 . 0ae? 1
30 -23 26 Y s 19 s - eis "
51 <24 ae « 60 s 4 s - 1220 71
32 23 o « 77 " e ‘ - 0291 77
5 -26 30 s 3 10 12 " 0149 1
'Y -26 47 ¢ €2 1o 67 ? - 0432 79
33 23 o3 . 23 1o 2 ? - 0769 73
¢ -2¢ 30 T 10 22 ? - 02e3 70
37 26 02 ¢ o1 o 00 ? cae o
30 27 o s " 10 99 ' 0694 .
5y TRt s a3 10 73 ' 0338 50
o 2% 60 « 62 11 7 0496 “
6 -0 43 PERT 1 e ’ 0921 .0
02 29 23 'Y 12 oe to 0e12 20
3 <28 92 3930 12 4 1" 0332 26
. 28 71 Y 12 72 11 - oer 26
3 31 70 13 13 o1 ’ - o8t 23
“ <26 10 ‘19 16 93 20 e 21
'] 29 %o 210 16 82 T 1948 20
“ -3¢ 79 <2t 16 <2 o - 0958 "
o -3¢ 12 -8 ok e 22 1 2303 1
70 18 93 <12 o0 I8 14 14 T 13
71 -42 40 -1z 49 14 30 " qere 10
22 -42 28 -7 30 13 9% 14 43%% [X]
73 -39 90 -5 80 Ty 2 w02 10
24 -1% a0 2 10 18 3¢ L 3] 3008 10
7% 32 7 t 00 23 s0 “ 2961 '
6 -4 75 -1 0o IRt 33 0287 '
7 -40 Bé -9 14 23 4 20 - 2921 ?
i) 26 29 T TT) e 6183 ?
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TABLE 1.0,

KSC BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

June

Alt (km) "} v Stu) Siv) Riuv) N
[] - 1 o 2 04 2 o3t 1140
1 3 174 s 3 a0 1202 1140
2 133 11s s 29 a3 1420 1hee
3 (B 2% % S 20 4« 3 Leoy 1140
L) 2 314 79 5 46 4 62 1ot 1140
5 2 20 o s 7t 'rt) 0993 1140
‘ 309 o Py ¢ 9 1718 1140
? 176 - 09 6 64 s 26 2202 1140
’ 4 -3 ? 1 ' 23172 140
’ 3 2 - 2t X P T 2706 e
i1 ¢ 13 - 38 97 [ ] ] 2934 1140
[ ¥} 69 - 89 1 o8 9 €4 I3 1140
12 [ I T3 -1 34 12 4% 10 71 140 it40
13 ’ e -2 73 17 0y 10 96 1234 1140
14 T -4 07 12 22 ') 2998 1140
15 LT -4 1o 20 7 13 2207 1140
16 2 24 -4 03 ? S0 s 32 1738 1140
t7 - % -2 "N y 58 4 10 1963 40
19 -4 00 -2 04 439 316 1203 1ieo
19 -6 49 -1 312 3 88 277 . . 1140
20 -0 62 -1 02 3 e 2 L tae
21 <10 23 - 74 3 92 288 age- trae
22 -1t 61 - 32 3 20 J o8 1093 1140
23 -12 46 - 32 3N ) o0 25490 1140
24 -t3 1% - 21 4 19 2 M 0619 1140
23 <13 0 -1 ‘e 208 004z 114n
H -t4 16 ~ 47 4 72 3 o4 0764 114¢
a7 ~14 4) - 40 3 i 3 0027 11490
20 -16 01 - 93 $ o7 2 29 0354 90
29 -56 5% 25 9 32 2 27 0424 [ 1]
3o -1?7 14 .7 S 24 2 % on3? ”n”t
3l “17 13 1 27 3 So ] 26 1467 9?2
32 -16 793 1 41 S 83 3 38 1823 L 2]
33 16 97 8y 5 98 37 1027 [ 2}
34 17 34 e Pyt Y 1123 92
3s -18 66 - 49 ¢ 31 1?72 2093 L]
36 -2¢ 137 - 99 [ E-] 3 N 1763 (1]
3?7 22 26 -1 02 379 4 13 o%21 (1]
3 24 4 - 3¢ 5 % 4 45 0339 [ X4
T .26 62 - 56 5 % N 0224 'Y
0 -28 60 - 40 5 99 449 0344 [ 1]
4 -310 87 -1 43 ? it 4 435 0030 (1)
42 33 20 -1 41 b 1 | 6l 1109 L3
43 ~36 00 - 99 “ 43 3 0% 0312 L 2]
44 -38 ¢« (1] 2 3 42 0311 13
43 -39 22 I 1) € 0l 3 24 o482 L F ]
b -40 89 3 93 7 %% 3 4 0013 %94
47 -4l 24 s T 7?6 3 92 o212 1
49 41 07 6 e 8 25 4 52 1252 02
49 -41 02 72 [ I H 6 3% 1108 ”
30 4] 02 ? e * N ? 09 [2E4 ] %0
51 ~4) 73 ¢ 86 LN %4 ? 27 0961 s
52 -42 8% 6 43 L I 1 ? 0 013 %
53 -46 )9 39 %11t 9 45 04y? 3
54 -45 69 4 &7 9 22 {43 0431 9]
33 -47 09 37 1o 21 Yy 32 [ 2331 (1}
113 -4 30 3 &7 I8y LR 0017 1)
9?2 -30 ef 3 % 12 ? 10 4% 06z? [ 1]
L1 ] -8t 71 e 13 46 io 83 2047 i4 ]
99 -51 ¢ 2 12 11 84 10 74 t91? 72
(X} -53 138 15?7 11 %0 11 1e [X1%} (3]
[ 3] -3¢ 81 28 13 3% 12 1 1162 54
62 -5y 42 gl 15 02 13 3o 1803 4)
(3} -3% 3¢ 1 64 14 14 13 43 0094 k1)
(%] -%9 22 2 33 6 04 16 31 1649 1
[$] -56 80 3 13 22 %4 19 8% 2427 3
'Y -53 8% 1) 23 o 17 2 2098 26
67 -53 9 26 20 9 17 03 1727 22
(1] -56 08 3 00 21 4% 17 43 2488 1?7
[$) ~%7 42 89 1?7 2 17 %8 2089 (R}
70 -54 79 2?2 19 21 [N 309g (R
?1 -%0 67 3 %N 16 44 19 38 Lt} 18
22 -43 9 -1 s 16 22 17 21 3678 19
73 -43 01 -8 94 21 20 15 9é 3054 16
74 -37 29 -13 3¢ 19 )4 16 4? 4002 te
4] -39 o0 -20 3 24 %4 [ 211 1424 13
76 -3 00 -2% 27 24 16 1* 1042 11
7 -21 ?¢ -28 20 21 22 67 2 (212 14
4 ] -18 8¢ ~30 290 20 0% (X 2 }} 1034 (K]
e ~106 10 -3¢ 49 19 41 19 02 2660 (X3
s -4 36 -39 227 16 41 21 0 48] [N}
8 1 3¢ 36 73 15 22 22 9 1987 1
82 ? 00 23 09 14 61 24 44 1023 1
[ 3] 1 82 -18 64 14 38 2% 7 o104 11
[ X] e 27 -13 64 14 33 27 2% 0504 1
[ }-] i 22 12 00 1% 13 27 62 1702 9
0% 19 13 FEL 19 40 18 43 1427 3
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KSC BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

TABLE 1.7,

July

Alt {(km) u v S{u) Siv) Riuv) ] N

1
° ~ 3¢ 183 2 2 1% - 1370 1re
1 (3] z 7 ‘2 1 - 0144 1re
H 11 1% .« a3 3 34 0434 11?0
3 112 163 4 6 3 % [I11) e
4 1 V42 L 3} LI L) (Y7} 1re
] (1] 1 o8 “« N 39 L2 1N 170
é 82 124 " 417 oadt 1179
? 02 1] s o2 438 0933 1
[] - 3¢ - 13 s s 4 1799 1
9 - 02 -n (] ) IR 1Y 2703 nre
10 -1y -1 1 ER L} 62 o9 1ze
1 -1 e -2 01 (1) 7 e 1238 e
12 -2 3% -2 9 ’ 7 64 3190 1
1 -3 0l -4 o8 10 2 792 20 "
14 -3 38 -4 87 [N 1] 7 u 509 1
13 -4 24 -1 8 6 78 S 3 48 1570
14 -4 0 -2 6 “«n [ 1044 "nre
%4 -6 00 -1 11 EIR 1) 2164 1
1] -0 18 -1 20 P INTY a9 [T 147 1
3] “16 44 -9 3 0 n 1219 1
20 -t2 " -2 3 % 19 oete 1re
21 -l4a ¥? 1} 3 % T 9 - 200% 1n7
22 -16 %S¢ -2 3 n 38 - 13% 1179
23 -7 60 - o8 10 1 24 - 0129 17y
2 -10 62 - 14 3 % 29 BN nre
23 -1 34 - 44 I N 2 %4 - o4lo 1
24 -20 00 - 49 4 I - 1377 1nra
7 -20 41 - [T 3 % - 112y 1
1 ] -22 01 “1 1 3 2 42 123 114
29 <23 14 -3 3108 2 90 0260 LY}
10 -2¢ 70 - 07 3 30 2347 ”"
3 -2% 64 1 09 T 313 o144 (1]
32 -26 2% 1% 46 3% - 0629 L1
33 -26 40 113 s 10 n - 4% 100
3¢ -2 01 Y] S 16 3 34 - 0764 11
3 -20 10 4 ‘% 3 - 1364 "
3 -29 21 1y LT 3N - 0919 104
37 B RT 24 s 2 ¢ 2 - 6010 108
13 -12 20 13 s 4 40 [X31) 102
3 -341s 14 S 24 L] - 0278 104
40 -15 9 (1] s 23 [ 1) - 0682 103
41 -37 4y - 0 s 02 S 0 - eamy 104
Q -1y 9 -1 73 . o7 S a - e 106
[} -43 22 -1 40 6 20 [T} - 1N 1e¢
€ -46 59 -1 S b [ 1] - 0493 106
43 -4 60 (Y [ 1] I ) 1183 1e7
4 -49 14 3 22 7 4 743 2902 196
47 -40 39 FIN ] ] 7 e (1] 2178 106
1) =31 40 41 (1] [ 1) 2990 18
(1] -85 3% < 3¢ [ 381 6 Jo 0431 108
s -s2 1 LY ] s 32 ? 40 - 0412 194
51 -82 N [} [ 1] rn - s 103
82 -84 99 s 42 [T ] ? 92 - 013 1601
s3 -3¢ 54 367 " oy LY EE LY 160
s4 -54 17 6 32 s 16 04 0299 103
5% -83 70 [} ] 10 47 [FI 1) 2278 (1)
Sé -%1 08 3 62 ot 11 48 2392 L} ]
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TABLE 1.8, KSC BIVARIATE NORMAL WIND STATISTICS,

90 DEGREE FLIGHT AZIMUTH

August
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KSC BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

TABLE 1.0,

September
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KSC BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

TABLE 1.1C.

October

Alt (km) u v S(u) Siv) Riuv) N
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TABLE 1.11, KSC BIVARIATE NORMAL \'IND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

November
Alt (km) ] v S(u) S(v) Riuv)
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TABLE 1.12, KSC BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

December

Alt (km) v v S{u) Siv) Riuv) N
. 1 - 8 2 % 10 - are2 179
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TABLE 2.1. VAFB BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

January
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TABLE 2,2. VAFB BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

Fcbruary
Alt (km) u v S(u) Siv) Riuv)
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TABLE 2.3.

VAFB BIVARIATE NORMAL WIND STATISTICS,

90 DEGREE FLIGHT A7IMUTH

March
Alt {(km) u v Stu) Siv} Riuv) N
. (SN T} ~1 27 3 4 - $7e3 s2e
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TABLE 2.4. VAFB BIVARIATE NORMAL WIQ

90 DEGREE FLIGHT AZIMUTH

D STATISTICS,

April
Al tkm) u ] Stu) Siv) Aluv) N
— -
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TABLE 2,5. VAFB BIVARIATE NOR» - WIND STATISTICS,
"~ r,
90 DEGREE FLIGHT AZiMUTH.
May

Al tkm) G v S{u} Siv} Riuv) N
° 212 -2 19 21 FI 1] - 600y o2
1 102 ~3 9 3 4 4 - 1999 620
? 102 -3 13 410 34 - 387 [$1]
3 272 -2 37 3 % [ 3% 2] - 4074 29
L] 4 34 -2 ? T e - Jaxe 620
-] 417 ~2 0l o 4 [ I 1) - 1763 2¢
(3 7 e -2 o3 LN 1] * 04 - 0699 s20
? [ R3] -2 29 1o &) 1s 32 - e (Y1)
[ ] to oe -2 %6 72 1 [TT] (X1
s 1 27 -2 44 12 44 1t n 1322 20
10 12 72 ~2 30 13 Q 13 % 1981 [ X 1]
1t 14 09 -2 02 14 0 14 08 2378 620
12 19 o8 -t 23 11 12 62 2044 2e
(R 13 31 LU mn o e 61 are? 620
14 14 78 " ¢ 9 [ 2 1] 2104 620
13 13 22 143 7 e [ 1] 1719 s20
16 7 1 61 S 0 S 4 1725 62
17 19 L 43 " 117 1084 62¢
¥ sy 1 03 3 9 1 e 1232 20
19 2 67 6t 362 2 o947 620
20 22 o4 1 a2 T n 1000 62¢
2 -1 40 -3 3 a0 2 4 1441 620
22 -2 14 EE 1 I H 2 n 07y} 20
3 -2 - 3 3 43 22 te21 620
24 -2 69 - 13 4 a8 21 076) [14)
28 -2 60 - 48 2 2 st onle 620
26 -2 N - 3 . 6 L] 0131 20
F34 -1 23 - 80 S 1 20 0242 620
20 -7 12 a 410 PR 3 ] 6993 11
29 “13 43 4 34 291 Lo80 1
3e -1 [ £ 4 0 P 1 o381 118
3 B (Y] 32 342 0433 (%3]
32 - s 1 5% 3 33 1 - o022 127
33 s [ 3 63 AR 1) t1é 129
34 - 03 18 s 02 3 64 2013 128
18 - 33 121 ¢ 9 3 4 1488 129
36 -1 63 (1) ? a7 3 0433 126
37 283 28 ? 7 302 - 0438 126
1] -1 84 3 [ 1 4 07 1 n 129
39 -5 6% 16 [ I H 37 - 097 129
LY -7 00 Fal 9 4l L} - 3090 127
. -9 02 20 12 43 - 1710 127
42 -l1o 2% 29 s 32 12 - L3168 125
a3 -12 2 3¢ . 3 ¢ 32 - 1699 126
4 -1¢ 03 1 oés ? 6l 463 - a9 12¢
[} ] <18 3o 333 s 00 s 28 1877 129
46 -16 62 .29 s 1o s 27 1378 124
.7 <17 39 s o8 (IR H 3 40 (137 ] 120
4 -18 42 . o7 Y 04 3 & 0973 126
4 -1y 12 ¢ 80 * 1 3 09es 129
S0 -19 4¢ 6 6t L] « 0 1392 124
81 -1y 18 6 08 LINT ] E 14 - 085y 126
S2 -19 98 Ly y 87 L3R F - 0498 124
3 -21 ) 337 y 38 6 02 - 1028 122
34 -21 23 3 e 9 30 613 -7 122
L} ] -29 84 (Y 10 33 (L] - 2764 116
56 -6 70 3 6 10 3¢ 7 09 - 198) 107
b -20 g6 3 3o 16 32 [ W1 - 0les 10a
se -31 1e 7 60 [ 14 " %0 2130 ”
39 -331 oe 2 22 1oer [IR2] 3032 ??
60 -33 4 4“1 1% 10 78 2324 34
¥ -32 8¢ [ L] 1418 10 44 3749 42
62 -1% 12 s 32 3 0y 10 29 “0e? 3¢
.3 -4 01 423 13 09 [T} 2430 22
X -33 00 20 1) 66 ty 32 (38 1) 23
3] -34 17 4 04 1. 30 s 0369 23
. -3 87 463 13 09 [ - 1148 23
(%4 -32 17 s 33 116 10 69 - 2690 22
(1] -28 2¢ 109 12 712 12 48 - o462 20
(1) -23 3 4 23 r 62 12 a2 (X121 29
ze -23 W 1 00 1o 83 [TIYY 1598 21
] ~22 29 1% In te 29 (221 24
72 -20 74 E 1] 16 18 12 92 1042 23
73 -19 17 -6 39 0 e 12 9% - 2430 PR
74 -20 99 <11 47 0 61 14 18 - 2973 19
78 -21 47 -10 43 16 73 12 92 LIEY [
76 -24 47 -10 20 17 02 14 46 1303 18
?? <24 69 -9 3 18 o7 13 % 2490 (R}
4 -2% 18 -7 &9 . ?¢ 11 1 3508 [}
7y -29 62 -6 92 19 23 12 29 4370 13
9o -24 &Y -3 0 [ ) 12 9 e 13
] -2 -4 20 10 12 90 4334 11
< LN ] -1 o8 19 24 13 23 3942 13
[} 135 1% -1 22 17 3% [F 1) 1y04 13
1 1] -9 4 (3] 14 54 14 92 1943 i3
” -2 00 [ R3] o4 te o 1190 1
[ 7 %0 - 7 62 i4 10 22318 )
[ 14 1? o0 1 &2 9 3¢ 15 0 1102 [}
[ 1] 26 23 -1 80 1 3 " 1937 [}
[ 2] 313 23 2 29 13 1¢ 119 4661 4
90 43 73 ¢ 73 11 9 1% 32 504 .

38

2
p e A AT TR i P s it v dtie



‘yinwrze 1yS1(y 92139p 06 *SOIISIIBIS PUIM [EULIOU MEIIBAIQ AVA ‘G °g oIndrg

St - N w3 o JAOWY {HINOS NOYU S +) LNINOHNOD ONMA (4} TYNOIQIHIN W
ONY 0T9 ~ N % §Z MOVIS (553M MOMA +) LNINOSNOD ONIM (™ TYNOZ B §
{S/u) LAl t8/u) N3
0t 80 00 80-01- 98 o038 Oy g o2 O [ 001 8L 0s 33 ¢ 9z~ o8-
+ + ﬁnT(A o [ SRR 1 S ;»\4 0 f - A gy T e 4 g
! : .
+ 3 * g
! Tot T ot
\ ! .
1 -8t * gl
!
! -0z T oz
M_ i
+ gz fﬂN
) .
tos &
fue .
+o< or
i |
i
9 sy
L o 2
- —
te 2 . 2
j g i g
+os doe 7
! = H x
= ' x
+t9e tag
To To
i
T +a
_ i i
! {
| Toe T o
LY
o ; !
\_ + 38 +qg
i H ” v\\\
_ i 1
Any o8 AuNg o6 yuen WA
INIIJ144300 NOILYTI3HH0D NOILYIA30 ONUONYLS SININOJHOD ONINM

AYH

39

G 30NLT1TH




TABLE 2.6, VAFB BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

June
Alt (km}) ] v S{u) Siv) Riuv) N
° 2 4 -1 8 2 90 P I 1 - 3661 1]
i 1) -3 31 318 434 - 2393 600
2 80 -2 99 4" S 14 - 4029 600
3 240 -1 4 s 92 616 - 1349 coe
‘. 1 % - 82 (1) 6 % - 230 o0
H s o7 -1y ? % 77 -y 600
3 . % 02 [T [ D - 1042 1]
? s % H ] [ 1 10 10 - 1563 (11
] 10 18 17 10 0 11 78 - 1e o0
’ 1174 se 176 11 39 - 0903 600
1o 13 32 ”" 12 @2 14 62 - 0210 600
1 13 3 147 12 7 15 14 0228 1]
12 17 ¢t Fa: 12 00 TR 1 0656 1]
12 17 20 3 04 198 13 0 (X141 [11]
14 15 3 3 4 " 10 &9 0754 600
18 12 3% 320 7 . 8 20 o104 s00
16 [T} 2 4 s 77 (Y] - 0634 600
17 «rn 167 a7 4 31 - 0942 s00
19 82 113 30 T - 1e12 €00
19 1N 39 3 3 2 %2 - 1008 600
20 -4 13 23 3 14 2 14 - 0323 1)
21 -3 s8 (1) 30 2 02 - 0693 600
22 -6 04 -7 3 203 - 0 r2 600
23 -7 92 -3 I 1N - 02%e 600
24 -9 33 - 38 3 192 - 0481 600
23 -9 1% -3 )8 2 0 - 0514 coe
26 -9 89 -1 3 0 216 - 1081 600
27 “10 o8 - 20 3 0 213 - 0108 600
20 12 N 74 3 197 086 102
29 -12 63 72 .0 (Rl 0927 193
30 -13 22 [0 a9 217 1089 107
31 -1 04 17} ‘92 2 29 - 0N 108
32 -14 93 o6 s 2 s¢ - 0079 12
13 -13 3¢ L S 2 2 % o212 112
34 -16 42 156 3 34 27 - 1340 1
33 -17 22 1oy 3 98 P H] - o078 112
34 -10 82 33 [T 2% - 0780 112
3? -20 82 30 s 9 1 43 - 0223 109
39 -22 29 .0 s 2 3 4 1294 Lt
39 -24 22 30 5 39 1 %0 1211 100
40 -2 1? 82 s 2 126 o166 107
.l -28 10 06 67 16 c204 1to
42 -30 14 3 6 44 4 % - 0939 it
.3 -31 9% 1859 6 0y 9 - 1037 110
4 -13 39 29 s 98 ‘N - 1331 10?7
43 ~34 88 18 S 0 7 - 0949 109
4 -3¢ 17 ‘9% [t} “8 o218 109
.7 -37 62 2 (1 ¢« ok6e e
" -38 S0 .67 v 2 3 ) (ST 1] 100
[T -40 21 (3} rors s 77 0700 100
50 -4l 69 s 26 s o 6 33 . 0170 100
31 -43 31 618 s o4 (31 ] 0330 102
52 -44 B0 6 27 (1) 3 0 1756 ”
53 -43 99 370 [ 1} 3 3 0683 (]
s4 -47 38 a6 62 173 - 0282 3]
ss -4% 29 400 7 ‘3 - 1203 (1]
56 .St 1 9 10 04 s 8 - 0943 0
57 -32 44 3 8 12 (1] - 0094 74
ae -S4 86 273 118 ? 19;9 LT)
s -33 99 t 7 [EEEE) ? 23 o770 (1]
1] -37 26 (1] 12 o9 (D 2291 33
61 -5y 96 L} 12 08 1o 93 - 0243 24
62 -48 19 2 28 12 38 16 2y - 0827 16
63 -70 o8 3 00 13 69 1y se [ 13
‘e 67 7e 6 40 15 31 1o 99 6320 10
63 -62 44 10 o0 12 03 [} 6107 1]
6 -37 &7 1o 3¢ . 3 2 2 - 5649 ’
67 -8 67 50 22 LT ? %2 0909 ’
Y] -42 33 13 17 [T} 12 32 0043 .
(3] -39 00 12 90 1879 14 08 2ne ]
70 -37 06 13 43 20 2¢ 13 94 0989 ?
71 -17 06 12 oo 20 08¢ 13 63 - s 7
72 -1y oe 29 20 23 o9 - h0P4 7
73 -3y 7 s n 19 3 20 97 - 9340 ?
74 -33 13 817 190 I8 18 - 248 .
?s -312 01 .« 62 17 [T RT] - 4811 ¢
76 -2y &7 2 %0 15 61 i? 4 - 4311 6
77 -2 M) E1) 14 W 16 3¢ - 4431 ‘
78 -29 17 -1 00 12 40 ie 63 - 8149 )
7e -2 90 -3 40 1162 ie &7 - 4001 s
90 -29 4o -1 60 0 13 0 - 6329 ]
8 -29 60 -3 20 7 14 168 - 788 ]
0 -29 oe -3 60 [ 19 14 - 1409 3
[}] -27 40 -2 00 ? 34 [ 1] - 4396 ]
[ -23 00 -2 LT} 7 o8 - 7236 0
23 -20 80 1 00 10 93 (] ] - 4254 3
"% 22 33 [} (1) o - 6923 3
40
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TABLE 2.7, VAFB BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

July
Alt (km) 4 v S{u) Siv) Riuv) N
0 2 0) -1 6l 193 [} - 4607 20
1 23 -1 9 2 34 302 - 2064 620
2 - 23 -1 1 0 3192 < 1089 s20
3 (1] 1 60 4 0] ¢ 32 - 1237 s2¢
L] 176 2 82 4 06 4 o6 0033 20
s 2 26 3 40 s e “ 9 0642 s20
[ 2 90 3 %% 6 24 s 29 0061 620
? 3 03 4 T2 (31} e 08 0303 b2¢
[] S 03 3 84 T % 6 9 0402 $20
’ 617 ? 29 (] ? 0 soo1 620
10 7 28 9 00 9 47 9 &0 - QoY 820
11 "3 10 22 8 L T ] - 0191 29
12 9 46 12 23 9% * 4 - 0163 620
13 9 3 12 9 34 + 29 0334 629
14 "3 1 es s 47 $ 20 108¢ 620
18 [N} } [} ? 07 6 19 [Y3X ] 620
16 2 44 3 8 5 19 4 63 1310 620
1? - 1 0% 19 - 14 2216 620
12 -1 4 z 24 329 P 2399 620
19 -3 61 (R a 243 1693 620
20 -7 34 [ 1] 2 9 19 1637 s20
21 -9 1¢ 4 2 4 19 o021 29
22 -10 &¢ 10 2 43 [ 1] 0760 [ ¥1]
23 BYRTY - 12 2 8¢ 2 00 0083 c20
24 -13 2% -ar 24 2 12 0240 62¢
23 -1e 36 o6 2 7 2 09 oo1e 620
26 BTRY 23 PR 11 0669 620
27 ~13 38 13 3 0 217 0456 629
s -9 11 11 33 2 23 - 0097 94
29 -20 29 o4 338 2 48 - 0023 L 24
30 21 88 i 3 43 239 - 0e22 101
31 -22 23 " 338 FRY - 0323 106
32 -2¢ N4 1 23 3 68 2 7¢ - 2192 104
33 -13 46 [T 4 3 24 2 % - 0749 106
e -24 04 133 3 4 3 o9 - 02%) 107
38 -24 90 14 ] 4 10 3 Jo o198 107
36 26 3% 113 4 41 1 a4 - 083 (R X
3? -27 ¢ 11 4 08 l 53 - 1381 100
3 -29 02 117 3 ¢ 4 29 - 17?78 109
3 -36 &2 4 4 % 19 - 0206 107
LY -3, oS o4 4 21 4 44 - 026 100
41 -33 53¢ - 23 4 34 s 67 0997 109
42 -37 0 - 19 49 5 29 1519 107
43 -40 41 31 5 39 S 34 1417 109
44 -41 %6 2 01 3 52 L3N 14 0613 109
43 -43 64 127 3 60 S 44 0489 107
46 -44 87 4 10 [N 24 s 20 1344 108
4? -46 00 44 (94} N 1901 109
48 ~-47 %2 4 <3 6 %0 6 29 2294 106
49 -49 40 4 00 6 92 3 % L1944 to?
30 -31 1% 317 7 39 3 63 2480 (X1}
3t -53 3 s 5 e 4 16 2080 toe
%2 -S54 0} s 21 [ 1} [N 24 2923 100
33 -54 34 73 s 2 [ 3% 2] 1042 ”
54 -5¢4 33 T 4y » 4 ? 3 130 *”
ss 58 83 677 ’ 92 ’ 20 2014 "
6 T .79 1oas TS 1319 "
8? -0 73 2 68 163 11 46 1202 "2
30 -6l o6 33 12 14 1270 2109 72
3 -61 6% rTo 14 06 13 o6 1914 (%]
(X -62 o Fan-2} W n 14 49 0693 4
[} -63 3o 4 29 1?3 19 07 0136 3
62 -64 82 %13 19 33 [SER-12 1034 13
63 -61 23 . 34 {1 t1 ¢o 0527 29
(1] -¢3 %¢ 7 o8 21 &2 1o 66 L7210 23
?) 61 39 6 Al 21 % 133 0982 27
(39 -52 99 ¢ % 20 48 1 &7 1283 27
%4 -44 4B 10 48 20 38 14 9 1038 2%
" 40 22 T 19 3 18 72 0984 22
1) -32 3¢ 11 % 1.0 TR 2331 24
7o -29 %0 12 38 23 40 16 08 1602 20
71 -20 60 it o3 2) 19 16 82 0236 20
?2 -26 47 1t 0% 23" 1?7 83 - 2038 19
73 Y .0 2¢ 28 20 22 YT 1
74 -22 94 ? 3 24 a2 25 17 - 3938 I3
s -20 00 7 %0 23 17 26 ¢ - 3001 n
746 -2¢ %6 - 11 23 & - 43137 16
t44 -20 20 -2 13 24 18 2% 02 - J6de 19
70 -1y 73 Y 20 FIY] - 2964 13
79 13 13 -6 13 23 0 2 03 - 2276 T
t 1) -7 9 -7 20 2 26 61 - 19081 13
s <16 13 AT 21 10 24 07 - 12re s
82 11 9 -8 13 19 e AN - 0400 18
[ &) -10 47 -1 07 16 §7 22 10 0173 19
[ 1] 3 0o -1 27 19 04 N 1090 13
[} ~ 0r -4 20 4 07 20 04 2206 15
"% &7t 7 00 12 9 23 i 3793 7
2” 14 83 14 91 12 3 0 3 3009 ®
" 20 Se¢ 22 oe 13 6t [KI-1] 1903 ]
(4] N 14 29 00 9 n is 7? 729 3
' 27 13 15 11 ? & 13 87 993 ]
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TABLE 2.8, VAFB BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

August
Alt {km) u v S(ul Stv) Riuv)
. 2 00 -1 81 1 e (W1} NI
1 4 -2 02 7 60 P - 2910
2 3] - 34 318 41 - 2070
3 118 [ | L 3N 14 4 30 . 2649
4 Vo7 21 [T} 43 -
3 2% 2 a7 [T “n - tel
[ n N 1) [ 31 3 % - 649
? 3 67 3 3 ¢ ge 30T 0147
] . e2 19 ? a2 (31 (31
’ . 2 4" o 20 70 - 0303
10 * e [T % 1 - 0162
1 e ? 40 % X1 - 0043
12 12 27 [ 1 v 8 () o04e
13 12 o7 [T [T s 6 - 0047
14 10 99 7 48 [} 7 0147
13y 7 'L . 4 ') 0213
1 a1 ‘0 s 3 40 BEYTY
1?7 14 292 4 34 L Y o911
1) -2 48 169 199 a7 (321
1y -3 02 108 110 22 113
20 -7 2 17 P H 219 - 8982
2 -8 30 36 21 193 - 8120
22 -1e 2y 04 70 1 % ~ 0
23 -11 58 o4 20 1. - o708
2¢ .12 61 X3 2 % P - 10l
23 BENT! o0 2 n 2 0 - 1476
26 -1 37 - o8 R 19 - o862
2 -19 ¢ - 02 11 P 14 R 214 ]
20 -18 73 18 79 17 0200
11 -19 7e 12 13 756 1038
30 -21 62 o7 1 e 1 0908
3t -2y 29 [ITY 176 70 6903
3 RIS 3] 16 10 1308
33 ~21 18 1 es 424 FIE] 1049
34 ~21 64 1] 3 e 168 3063
3L -22 47 104 3 3 272 2744
Y -23 1% 3] s 312 0314
» -24 34 02 ¢ 12 192 03164
1 -2 47 - 10 6 3 1 9% - 0178
1 -26 41 t? T 470 - a3r2
‘o -21 20 0 [t} 'CH - 0017
a“ <28 )8 03 7 % 4 - 00?8
7 -3 00 07 ? 4 .« 92 - 8172
.3 -3 12 X 7 . . o - 6303
. -34 o9 s 748 [T 0217
4s -33 17 [T 7 2 3 42 1044
. -34 47 [ 7 ‘1 0497
a7 .37 13 2 LI 7 4 - 0639
. -37 74 “a? 16 42 IRT - or01
. -17 0y 3 o8 13t [ 3T - 1608
30 -30 08 3 it 1o 9 LT - 2040
s1 BINY [ 12 7 1 e -
2 -37 16 3 88 1199 [ 1) - 1428
53 “34 64 32 13 10 (1} - 1878
84 <36 1% s N 1388 ' 3
38 -18 74 FIET i3 0 ()
sé -18 40 .87 1o o7 LY oens
s? -36 20 388 LT} IR - 0196
38 =33 17 199 171 11 49 - 0881
39 -33 1e 3 3% 17 se 1183 B T1Y
60 -31 93 | Se Tt 12 62 Y31
61 -3t 01 - 04 1816 12 50 1041
.2 -3t 8¢ - 82 19 74 12 29 4299
[3] -28 09 LY 19 73 nn 1136
‘e RTIN F} (W3] 19 38 14 38 1072
(31 -16 09 -39 TR 16 79 1300
. -1e 44 -1 3 17 e7 19 04 336e
67 -3 1 -2 19 24 1 e 31304
. -6 21 -1 87 2 0 T 22
. -8 23 -1 12 ¢ 13 98 sre7
7e -1 0 - 8y H ] 18 29 311}
s 214 ) 20 39 12 12 3408
72 4 L o8? 17 08 13 69 2607
73 s 52 1 te 72 14 48 Teet
74 s 72 14 13 48 16 13 3994
7 31 -0 17 9 12 9 1320
L1 7 e - se 16 68 12 % [I1T]
7 ¢ e “1 1y TR 13 6 - 030
7 3 40 -1 7 15 70 19 03 BT
" 448 -2 00 te 24 17 n -1
0" 20 -1 3 13 49 19 4 - orr3
R} -1 21 15 19 22 00 - 0186
211 - .0 16 41 4 80 e273
2 % H 17 76 a7 2 (1141
o 1) 1599 30 3 (X311}
t AN 34 324 18 12N 1794
te 78 [ 1] HN 38 2 e
20 64 12 18 23 1 38 82
26 87 2 n 29 % 2y 7 3
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TABLE 2.9. VAFB BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH

September
Alt (km) v [ S(u) Sivi Rluv) N
. -1 43 710 47 -
] -1 3¢ 2 9% ¢ 39 -
2 - 2% 4 o6 3 ot -
3 EL] 1) 3 &0 -
L] (1] [ 1] [ 14 -
$ 10 7 43 LAY ] -
] - 29 [ I 14 » 0? -
4 - 16 9 40 Y12
] =13 10 43 10 32
1 7 IS 1) e
10 (3] 12 02 229
4 2 13 87 2 o
12 2 03 13 20 (R ]
13 7 % 12 3¢ 1 26
(%] ] ] 10 o1 9 31
'3 199 " 22 ?
(13 1 ? 18 ¢
1? 23 s 4 8
1 - 23 4 90 1l &7
(R} - 41 4 23 2 0
20 - 49 3 9 F I 14
21 - 3 8 @ N
2 - 4 3 %N 1
22 - 36 IR ) TN
24 -2 .« R4
29 -1 ¢ 24 19
26 - [N %) 210
E 44 - 03 4 %N 210
20 - 1" s 0 2 40
s - 12 318 2.2
10 - 1 s E 3 14 -
h R " 3 1e Z
32 1N S L3R 14
ER ] 1 04 3 % 10
3¢ 213 3 N PINT )
33 (34 é 12 I n
16 9" 4 40 3
3? 13 ¢ 7 3 38 -
bl - e T 4 10 -
3 LR 24 L 1) L4 ]
.0 - 0 [ BN Y] PN 1) - 0422
[} - 00 e 4 43 - 1383
42 - @2 s 07 N - 0002
4] - 116 s 2% ¢« %" - 1169
4 - 149 1 40 ¢ - 0134
L} ] - (B 1} 9 24 6 0) 0334
L1 ) - 3 10 @7 s 82 - 084?
.7 2 64 14 16 s 9 - 0133
L] 2.0 e 83 S 4 - 1214
[} 314 1 30 3 - 1419
50 3 9 e 9 el - 0429
Si 3 0 12 & [} ]
32 ¢ 32 12 1 [ 1}
13 3 o8 (A1) (3 1}
9¢ ¢ 35 12 4l 3 e
39 [N %) 1 9 T
£ 3 01 16 o} [
3?7 1 2] 10 43 [ ]
se [ B4 iz 0 s 2
39 2 0% 13 30 [ 381
(1] 715 13 26 ? 82
41 124 12 9 [ R 14
62 4 44 1 82 3 0%
(3] 3 14 11 13 T ey
(1) 3 ¢ [} [ { ]
(1) S 8¢ 12 21 y 7
(1] 322 1 n 'y 9
[ X4 % 2; 10 3¢ [ IR 1)
(1] 4T 10 40 9 ¢
(3] ¢ 22 e 77 1e 20
Te " 12 8¢ [N % ]
T -3 33 19 7 2 9
2 -4 11 19 27 (s 1
i4 | -9 22 17 43 15 2
Te EEIN 1) 16 20 13 9
14 -t 82 [T 1] 13 0
7é -7 40 e 27 14 00
r? -4 03 e 19 3%
b -2 79 1070 16 74 e
’e -1 1738 [RAR 1) 12
(1] 2117 14 20 1074 12
" LI %4 16 29 19 13 12
[£] LA 2 ] LR ) e 97 ¥
[} 12 s 42 112 [}
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TABLE 2,10, VAFB BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH
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TADLE 2,11, VAFB BIVARIATE NORMAL WIND STATISTICS,
90 DEGREE FLIGHT AZIMUTH
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TABLE 2,12, VAFB BIVARIATE NORMAL W
90 DEGREE FLIGHT AZIMUTH

D STATISTICS,
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