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FOREWORD 

This revised document was required because of data tape problems which 
led to errors in the ground wind tables of NASA Technical Memorandum 78136, 
September 1977. This document corrects and supersedes NASA TM-78136. 
In addition, headwind component cumulative percentage frequency statistics have 
been included in this document. 



TECHNICAL MEMORANDUM 78160 

GROUND WINDS AND WINDS ALOFT FOR EDWARDS AFB, 
CALIFORNIA (1978 REV1 SION) 

I. INTRODUCTION 

This two-part report deals with wind conditions over Edwards AFB, 
California, including the NASA Dryden Flight Research Center. Since the first  
four orbital flight tests of the Space Shuttle mission schedule Orbiter landings at 
Edwards AFB, these wind statistics may prove useful in mission planning 
activities. The first part of this report presents low-level crosswind, headwind, 
tailwind, and headwind reversal statistics by hour and month for two different 
Edwards AFB runway orientations. The second part gives bivariate normal wind 
statistics for altitudes 0 through 27 km by monthly reference periods. This 
document supersedes NASA TM-78136 and should be used in place of it. 

I I. ARRANGEMENT OF TABLES 

Tables a re  numbered and arranged by monthly reference period, with 
subnumbers used to identify the crosswind, tailwind, headwind, o r  reversal 
statistics within each month as follows: 

Section III 

Crosswind: Tables 1.1 lhrough 13.1 

Tailwind: Tables 1.2 tl-.rough 13.2 

Crosswind versus Tailwind: Tables 1.3 through 13.3 

Headwind Reversals: Tables 1.4 through 13.4 

Headwind: Tables 1.5 through 13.5 

Section IV 

Bivariate Normal Wind Statistics: Tables 1.6 through 12.6 



I I I. RUNWAY CROSSWINDS, TAILWINDS, AND 
HEADWIND REVERSALS 

A. Background 
A study similar to the one presented here  was done for the NASA/Kennedy 

Space Center (KsC) , Florida, a r ea  in October 1972 [ 11. The KSC study used 
howly  peak ground wind data to determine optimum runway orientation by mini- 
mizing critical high crosswind component frequencies. The proposed runway 
orientation was then used in conjunction with the hourly peak wind data to deter- 
mine frequencies of headwind-to-tailwind reversals that resulted in specified 
tailwind speeds. The present Edwards AFB wind study expands on the two types 
of information determined previously for KSC and adds a section on tailwinds 
alone. 

B. Runway Orientation 
The two main Edwards AFB runways of interest for NASA Shuttle Orbiter 

landings a re  runways 17-35 (170-350 degrees) and 22-4 (220-40 degrees). 
Figure 1 is an artist 's conception of the Space Shuttle Orbiter making i ts  final 
ap;>roach (toward the south) onto Edwards AFB runway 17 after completing a 
space mission. An F-104 jet aircraft  is also shown escorting the Orbiter. 
Figure 2 indicates the general layout of the two main runways. The runways 
a r c  designated 17-35 and 22-4 because of their angle of separation in degrees 
clockwise from magnet i~  north, and they indicate a pilot's approach toward that 
direction. That is, a pilot desiring to land toward the south on 17-35 would 
cntcr from the north end ( 17) , thereby allowing him to land toward 170 degrees, 
Thcse two runway orientations with respect to true north a r e  approximately 
190-10 (for 170-350 magnetic) and 239-59 (for 220-40 magnetic). All magnetic 
runway wind statistics given in this report were computed with respect to true 
north. 

The two runways a re  oriented so that a vehicle landing from the northeast 
toward the southwest will probably be landing into a headwind, Figure 3 [ 2 ]  gives 
the prevailing surface wind directior. versus hour and month. The respective 
percentages of the prevailing direction a r e  given within each box. Southwesterly 
winds tend to prevail from late evening hours until midday and give way to west- 
southwcstcrly flow during the afternoon until late evening hours. Some westcrly 
flow prevails, except near midday, during the winter months. Mean surface 
wind speeds (in knots) versus hour and mocth a r e  given in Figure 4 [2] .  It can 
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X A L E  IN STATUTE MILES 

Figure 2. Edwards AFR runways. 



EDWARDS AFB DEC. 41 - JULY 72 C.O.R. 
3 h INTERVALS (LOT) 
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Figure 3. Edwards AFB pcrccntngc of prevailing wind direction. 

bc noticcd that wind magnitudes gcncrdly pick up during the afternoon hours 
11500-1700 local standard tinlc (LST) 1 ,  with larger  magnitudes observed during 
thta summer months, 

i 
j 

C. Data Used i 
I 
i 

The ground wind spccd and direction data used in this study were taken 
from two magnetic tapes containing the E d w r d s  AFB WBAN hourly surface 
observations (deck No. 1.14) [ 3 ] .  The period of record extended from 1949 to 

O'RIGMAL PAGE IS 
OF POOR QU- 

5 



EDWARDS AFB P.O.R. DEC. 41 -JULY 72 
3 h lNTf RVALS (LSTl 

Figure 4. Edwards AFB mcnn surface wind speed (knots). 

1970. Thc conlbincd t a p s  givc :I t d a l  of 192,782 hourly observations for 
E d ~ w r d s  AFB. All calms were included in thc data sample. During the period 
of rccorcl thca :~ncmomctcr location was changed scvcral times. Howcwr, most 
of thc obscrvntions wcrc made approximately 4 m ( 1 3  ft) n h v c  natural grade. 

Thc d:~ta  uscd in this study were obtained from avcr;lRcdl obscrvations 
tnkcn 011 the hour. 'I'hc mcthod of using avcrngc wind conditions differs from thc 
pal< wind mctliod used in the earl ier  KSC study [ 1 1 .  In S p x c  Shuttlc vchick 

1. Standard M'BAN prncticc, generally n 1 min aver:lgc :]bout the hour. 



0 
ground wind related analyses, peak wind speeds ( o r  gusts) a r e  generally more 
useful in design, mission planning, and operational activities. However, since 
no peak wind climatic data were available for the Edwards AFB area, the hourly 
observations described previously were used to make the required computations. 
The steady-state wind speed statistics given in this report can be adjusted to 
approximate peak wind speed statistics by multiplying the steady-state winds by 
1.4. Graves (41 describes a method that enables one to estimate peak winds 
from hourly observations. The reader shouid consult Reference 4 for further 
discussion of these types of estimation methods. 

D. Computational MethodslEquations 
1. Crosswind Procedure. Thia section includes a discussion of the 

computational methods used in obtaining the percentage frequency of occurrence 
within critical crosswind intervals, i. e., 1-4, 5-9, 10-14, 15-19, 20-24, a d  
25-up knots. The crosswind equation used for each runway is: 

Crosswind = (sin I WD-RA I x WS) (1) 

where 

RA = runway angle measured from true north 

WD = wind direction in degrees clocliwise from true north 

U'S = wind speed in knots. 

The runway crosswind component for each observation was computed and then 
checked against the several critical crosswind intervals, and a tally was entered 
into the appropriate matrix position. Every wind observation (192,782 total 
observations) was handled in this manner. 

The percentage frequency of occurrmce of crosswind components within 
these critical intervals was next calculated for each matrix position by dividing 
the total number in that position by the total number of observations and multi- 
plying by 100; i. e . ,  

Percent frequency = (s/T) x 100 

ORIGINAL PACE IS 
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where S is  thc number of cases within the critical crosswind interval and T is the 
total number of wind observations for that time interval. These runway crosswind 
percentage ftcquencies a r c  given by month in Tables 1.1 through 13.1 hr each 
3 h period of the day. Finally, statistical tables involving tho concurrent use of 
both runways were developed. These may give more meaningful informntion if 
a landing can be made on either of the twa runways. For example, if a particular 
wind observ:~tion resulted in a 20 knot crosswind mnlponent on runway 17 but 
only 14 knots on runway 24, the mom favorable ( o r  minimum) crosswind com- 
ponent of 13 knots was used to devclop these statistics. 

2. Tailwind Procedure. In addition to critical crosswinds adversely 
affecting thc 1,ulding of space vehicles ,and aircraft, headwind reversals (i. e., 
3 headwind ch,mging to a tnilwind) also c,m present piu>blcms. Given in this 
scction are pcrccnt h-equcncy of occurrence tables that pertain to critical tail- 
wind and t:lilwind/crosswind speeds. The crosswind computations discussed in 
the Inst scction of this report do not require a specification of the lnnding 
dircction sincc ? wind component i s  c:dcul:ited normal to the runway. This 
mcans that n critical crosswind that :~ffects the vehicle from cithcr the lcft o r  
right side is  t~dlicd. However, in nndyzing hc:dwinds :md tailwinds, the direc- 
tion of the component pwallcl to thc runwy is important. If ,  for esamplc, it 
wcrc ncccssnry to 1:md on cithcr runwiy 17 oro 22 (from northeast), a wind 
component from thc northeast ( a  tailwind) would lx unfmorablc. In the coitlputa- 
tions pcrfcmncd hem, p:mdlcl riunvny winds wcrc computcd using t.he following 
fo rmuln: 

R4 .: runway angle nwnsuwd from truc north 

M'D :. wind dircction in dcgrccs clockwise from true north 

\V!i -: wind speed in Inots. 

When computing n p I r d 1 ~ 1  runway wind, sign is in1port:mt. I f  vquntion (3) givcs 
3 ~wsitivc vclocity (t), it dcfincs :I tnilwind. Conwrsely, :I ncgntivc velocity (-) 
clc.fincs :I hi)adt\.ind. Critical t:tilwind intcrvrd limits of 1-4, 5-9, :md 10-up knots 
were uscd by hour and momh in c.on~puting the runwny tnilwind probabilitica :IS 

giivn in 'I'nblcs 1.1' through 1;J.L Finally, i*rosswind-vc?rsus-tailwind pcrccnt- 
agc*s arc given in TnMcs 1.3 through 1 9 . 3  by month :~nd hour for cach runway. 



3, Headwind Reversal Procedure. In this analysis of runway headwiud 
components an attempt has been made b answer some basic questions concerning 
1 h wind reversal frequencies, For example, (1) What is the probability that the 
wind component parallel to the runway will reverse direction? (2) 130 reversals 
from northeast to southwest components occur czs frequently a s  southwest to 
northeast changes? (3) Suppose the wind direction at some specified t h e  is 
known; what then i s  tho conditional probability of a reversal? 

a, Frequency of Wind Reversals. To calculate this value it is only 
necessary to count those cases when the parallel wind component switches from 
one haur to the next; i.e., if the component goes from (+) to ( 0 )  o r  from (-) to 
(+), this indicates a switch and is tallied, Dividing this tally by the entire 
hourly data sample gives a percent frequency (occurrence rate) of the wind 
reversing on the runway over that time interval. This procedure is expressed 
in equation (4) a s  follows: 

where 

X(I,J) = percent frequency of parallel component wind reversal for 
-: - 

month I and tlme period J 

Y(1, J) = number of occurrences of parallel wind reversals during 
month I m d  time period J 

~ ( 1 ,  J)  = total observations during month I and time period J . 
The reversal tallies were entered on the resulting hour; Le., a reversal wind 
between 0700 and 0800 LST i s  entcred at 0800 LST (the resulting time). However, 
since hours are  combined into timc intervals, this was entered as  a tally within 
the 06-08 3 h timc interval. These values are listed in colun~n 1 (TOTAL) of 
Tables 1.4 through 13.4A. 

b. SW to NE and NE to SUr Reversals. How often does a southwest 
wind component reverse to a northeast wind component from 1 h to the next? 
To compute these reversals, the number of southwest to northeast component 
ch,wgcs are tallied and then divided by the total number of observations for that 
time period, Thcsc values appear in column 2 (HEAD-TAIL) of Tables 1.1 
through 13.4A for runways 17 and 22 but in column 3 (TAIL-HEAD) for runways 
35 and 4. Wind component changes from northeast to ~outhwest are calculated 

a in the sme way. 



c. Conditionid Wind Reversals. Given a southwest parallel compon- 
ent wind initially, hov often does this southwest wind c h a w  into a northeast 
wind componmt by'thc next hour? This third question deals with the conditional 
statement that given a southwest wind, what i s  the probability of i ts  changing 
into a northenst wind; i.c., P(NE ISW). In this third question we must look at 
only the hourly southwest components in the data sample and then tally the 
southwest to northeast wind changes over an hour. This tally must be divided 
by the number of southwest wind components in the sample, not by the total data 
sample, because prior knowledge of the wind direction i s  assumed (i.e., south- 
west winds a r e  se t  a s  given initially). See columns 4 and 5 of Tables 1.4 
through 13.4A. Liliewise , column 5 prcsznts the conditional pcrcentajge frequency 
of a northeast to southwest reversal by using the same method. 

In this section the following conditional probability equation was used:* 

P(X I Z )  i j  = 
100 Y ( I , J )  

Z ( I , J )  

where 

P(X Iz )  . . = conditiond probability of the occurrence of a tailwind (x) 
IJ givcn s he-drind ( Z )  initially during month I and time J 

Y ( I ,  J)  = the number of headwind-to-tailwind changes during month I 
and time period J 

% ( I ,  J )  = the total number of headwinds in tho month I/time J data 
s m p l c  . 

Tnblcs l.4B through 13.4B also give hc:ldwind r c v ~ . r r d  statistics, but here the 
statistics a r e  urolicn out into specified rcsultant tailwind magnitude categories 
( i .  c .  , rcsultant tailwinds of i0-3, 4, 8, >8  knots). 

Throughout tj.ris he:idwind rcversal section both calm conditions and direct 
crosswinds were considcrcd a s  favorable landing cond't' lons. 

-- 
2. The tcrmi~ology given here i s  revcrscd when considering the probability of 

a headwind givcn n tailwind. 



E. Explanation of Tables 
Tables 1.1 through 13.1, 1.2 through 13.2, and 1.3 through 13.3 of this 

report are presented a s  percentages of crosswinds o r  tailwinds within selected 
wind speed intervals only. Since probability questions of the type "greater than 
o r  equal to s certain value'' a m  usually asked (indicating an accumulater; effect), 
one must add together rows of percuntagcs and, at times, columns as well. 
Tables 1.4A through 13.4A give tho percent of wind reversals for "dl1' resultant 
tailwind (o r  lieadwind) magnitudes, whereas Tables 1.4B through 13.4B breeik 
out the reversal statistics into specified tailwind categories. 

The critical crosswind o r  tailwind speed interval headings, 1 to 4, 5 to 9, 
etc, , are  to be interpreted a s  1 through 4 knots, 5 through 9 knots, etc. Also, 
zero crosswinds are classified as all winds that are (1) calm, (2) < 1 knot, and 
(3) parallel to the runway. Zero tailwinds have not been tabulated, but a l l  
tailwinds > 0 knots and < 1 knot were placed within the 1-4 knot classification 
interval during data analysis. The time intervals given (i.e., 00-02, etc.) 
indicate eight 9 h intervals, and they are e x ~ r e s s e d  in LST. 

1. Crosswind Example. Tables 1.1 through 13.1 give percentages of 
critical crosswind occurrences within critical crosswind speed intervals versus 
hour of day for each runway and month. Sinco runway end number does not 
matter when computing crosswinds, the runway is  listed either a s  17-35 o r  22-4 
on these tables. Examples follow concerning the use of Tables 1.1 through 13.1 
in which crosswind occurrence percentages can be easily calculated by summing 
up percentages in the appropriate row. For runway 17-35 between hours 00-02 
for the April reference period, Table 4.1A gives a 40.10 percent chance of 
cncounteri11; a crosswind 2 5 knots. One must add 24.49 + 11.62 + 3.59 + 0.30 + 
0.10 = 4C. i. This also means that 59.9 percent (i.e., 45.15 + 14.75 = 59.9) 
of the crosswinds a re  < 5 knots. Sh i l a r ly ,  crosswind percentages s 20 knots 
can be computed for all hours on runway 17-35 by adding, on the 00-23 line 
(under HRs) , 1.96 + 0.33 to arrive at a percentage of 2.29. In this same cate- 
gory, zero crosswinds (calm conditions, crosswinds c 1 knot, o r  winds parallel 
to the runway) occur 17.72 percent of the time, 

T;~\>A : 1.1B gives similar formatted results for runway 22-4. This is, 
one can e!:pect an 18.69 percent occurrence rate of April crosswinds 2 5 knots 
betw . I  lrours 00-02. Runway 22-4 experiences lower crosswind percentages 
for these given criteria of speed, hour, und month. 

Table 4.1C again gives similar results, but here runways 17-35 and 22-4 
wmr? checked ~ i m ~ l t m e ~ ~ a l y  when making Ldlies of crosewinds. The tables 



were compiled from the lesser  of the two crosswind components. These values 
apply when the aircraft  has the capability to land on either of the two runways 
and ctm, therefore, clioosc the one with the lcast critical conditions existing a t  
the time of landing. The percentage of critical crosswinds 2 5 knots during 
April, betwcen 00-02 hours, for both runways i s  11.87 (i. e. , 8.69 + 2.42 + 
0.66 + 0.10 = 11.87).  As expected, the percentage i s  much lower here than that 
for either runway 17-35 ( 40.1 percent in Tablc 4.1A) o r  runway 22-4 ( 18.69 
percent in 'A able 4 , l B )  computed individually, 

2, Tailwind Example. Tables 1.2 through 13.2 give percentage fre- 
qucncics of tailwind conlponcnts within critical tailwind speed intervals versus 
hour of day for  each runway heading and month. Since landing direction does 
play a par t  in the computation of tailwinds (o r  headwinds), the runways a r e  
listed a s  17, 35, 22, and 4, indicating the approach direction (i.e., 17 i s  
landing into 170 dcgrccs from thc northeast end of the runway). Some examples 
follow that indicate the use of Tablcs 1 . 2  through 13.2. Again, the format of 
the tablcs i s  similar to that of Tables 1 . 1  thlrnugh 13.1,  and the tailwind 
statistics presented a rc  not accumulated. The April tailwind percentage r 5 
knots bchvccn 00-02 hours LST for runway 17 a s  presented on the left side of 
Tablc 4.2A is 2.32 ( 1 ,87  4.0.45 = 2.32 ) . The companion table of 4.2A 
indicates a tnilwind percentage of .:2.52 for runway 35 for the same specified 
conditions. The 42.52 pcrcent on runway 35 can also be interpreted a s  the 
pcrccntage of headwinds on runway :. 7. A tailwind on one runway heading (36) 
i s  a Iicadwind on the othcr end of the runway (17). Combined percentiles for 
all hours can bc obtained from the 00-23 row. 

Tablcs 1 . 3  through 13.3  give pmxntaclges for the joint occurrence of 
winds within sclcctcd crosswind versus tailwind spccd intcrvds. These monthly 
tablcs :IIT prcsentcd for each cnd of the. runway and :Ire displayed by hour of 
day (1,ST). T:~blcs 1 . 3  through 13.3 !3ffcr tiic advantage of obtaining percentages 
I y  choosing the critical crosswind md tailwind limits concurrently, not 
separately. That is ,  suppose both crcmwinds and tailwinds z- 5 knots a r e  
c r i t i cd  to a landing oper:ltion for 00 lloiirs during April on runway 17, one would 
find thc intersection number that pcrta'ns to the intervals of crosswind 5-9 and 
tnilwind 5-9. In this case, the number in Tablc 4.3 is 0.45 percent. This is 
not the pcrcentagc number nccdcd sincc tllcsc iablc pcrccntagcs, again, a r c  not 
;~ccumulatcd. Thcrcfore, onc must sum dl thc tailwind rows .- 5 knots that 
encompass 1111 crosswind valucs , 5 knot::. This will satisfy the required 
condition, Figure 5 illustrntcs thc. T;lblc .\. :; cxamplc in more detail in that the 
pcrccmtagc numbcrs to bc nddcd a r c  cncloscd by dashed lines. The t o t d  rcquircd 
swn of thcsc ten nunlbcrs i s  1.5 , which is thc rcquircd pcrccntagc. 



Since Tables 1.3 through 13.3 are  the most involved of the tables pre- 
sented thus far, a few notes of caution are  issued that one should remember 
while using them. The total row and column offer a sum of all rows o r  
columns, respectively. The total column (of Tables 1.3 through 13.3) has 
also added into it all the zero crosswind percentages. The percentage numbers 
enclosed by stars in Figure S show the percent frequency of tailwinds without 
regard to crosswind components. An example of using the total row follows. 
If one needs the percentage of ail crosswinds r 5 knots on runway 17 at 00 hours 
in April which encompasses all tailwind categories, he can sum the numbers 
3.48, 1.06, 1.31, 0.30, and 0.00 to arrive at 6.05 percent. Why is this value 
so  much l e s s  than the 40.1 00-02 hour percentage of crosswinds r 5 knots on 
runway 17-35 from Table 4. lA?  The answer i s  that the 6.05 percent corres- 
ponds to crosswinds 1, 5 knots with regard to all tailwind categories. Tables 
1.1 through 13.1 give crosswinds r 5 knots with regard to all parallel winds 
(tail and head combined). To obtain comparable numbers, one must calculate 
from Table 4.3 the crosswind percentage 2 5 knots (37.41 percent) with regard 
to all tailwinds on runway heading 35 ( a  headwind on runway 17) and add the 
two percentages ( 6.05 + 37.41) to arrive a t  43.46 percent, which corresponds 
closely to Table 4.1 values. The numbers will not be exact because Tables 1.1 
through 13.1 and 1.2 through 13.2 give statistics in 3 h groups, while Tables 1.3 
through 13.3 are  by each individual hour. Both tailwinds and headwinds from 

e Tables 1.3 through 13.3 may have to be used depending upon the application. 

Runway 17, Hour 0, Edwards AFB, April 

Tailwind Crosswind Limits 
Limits 1-4 5-9 10-14 15-19 20-24 25-Up 

1-4 1.82 3.03 0.30 0.91 0.30 0.00 
1-,,,,,,,,,,,-,,,,, 

5-9 0.76 ' 0 . 4 5  0.45 0.15 0.00 0.00' 
I t 

Total 2.58 3.48 1.06 1.21 0,30 0.00 

1 Total percentages within dashed ( -  - 1  area = 1.5%. 

Cross Total 
>k * :$ * * 

Figure 5. Edwards A FB crosswind/tailwind speed 
interval percentages. 



3. Headwind Reversal Examplc, T.?blcs 1.4A t h r o ~ g h  l3 .4A give the 
perccntagc of parallel runway wind that answer the three questions 
posed car l icr  in this report concerning different runway wind reversal classifica- 
tions, Thcsc h b l c s  present the probabilities for each runway end by month and 
3 h tjmc period. Column 1 answers question 1 and gives the total reversals  for 
dl obscrvations (within time ,and month category). Columns 2 and 3 answer 
question 2 by giving the percent frequency of headwind-to-tailwind and tailwind- 
to-headwind reversals,  respectively, for dl obscrvations. Question 3 on 
conditional probability i s  answered in columns 4 and 5. It should be pointed out 
that thc statistics prcscntcd in Tables 1.4A through 13.4A deal with the probability 
of reversals without regard to the resulting parallel-wind magnitude classifica- 
tion, a s  presented in Reference 1. This mcms,  for c x m p l e ,  that the columns 
regarding headwind-to-tailwind reversals (columns 2 and 4) were computed for 
nll resultant tailwind components. On the "A" tables, a11 magnitudes of the 
resultant tailwinds were combined before the statistics were computed. However, 
Tnblcs 1. -1B through 13.413 present these snmc reversal statistics with respect 
to different categories of the resultant tailwind magnitudes. 

Thesc statistics should p row vdu:lblc to both the mission planner and 
thc operational control nuthority bccnuse they arc  based upon a prior knoulcdge 
of the wind-typc information that will be available during the mission. For 
cs:lmple, consider a landing planned for 1000 LST in April on runway 17. 
Assume that thc wind observed at 0900 LST is  known to have a headwind com- 
ponent along that runway. T:ible I. 4.4, column 4, indicates that 18.34 percent 
of thosc wind observations changcd to such an extent that a t  the following hour 
(1000 1,ST) there was a tailwind componcnt on runway 17. This percentage can 
also I)c obtnincd from the appropriatc total column of T:~blc 4. dB. Restated in 
tc in ls  of r i s k  with a linown headwind component a t  0900 LST, thc risk of change 
to :I tailwind componcnt at  1000 1,ST i s  approxiinatcl~ 18 pcrccnt. Of course, 
this risk st:ltcnient docs not considcr fflc forccnst capability that would be utilized 
in thc rcd-tinw opcrntion. 

I f  the invcst iptor  wcrc intcrcstcd in the pcrccnt of hcndwind reversals of 
:dl rcvcrsids which rcsultcd in a tailwind of p.1 knots, this can Ix. obt3ined from 
Tnblc -1.113 by adding 4.02 and 0.49 to arrive a t  4.51 percent. 

F. Headwind Components 

-: .. Tablcs 1. 5 through 13.5 givc cumulatiiic? pcrccnt:~gc frcqucncics of he:id- 
wind cotnponcnts :dong c~icli run~vay during thc d:~ytinw hours. Thcsc t,?blcs 
wcrc computcd by cquation ( 3 ) ,  using only thosc wind obscrvations that disp1:iycd 
a hcndwind camponcnt dong the epccificd runufnj'. This mcans that for thc 
runut:ly 17 colnput:~tions, for cs:~mplc, :dl obscrv:itic;tis of w i ~ d  directions frolr~ 



approximately west through north to east (tailwind components) were eliminated. 
This accounts for the lower number of total observations. The component speed 
column should be interpreted as follows: 0-1 includes speeds from 0 to 0.9 
knots; 1-2 contains values from 1.0 to 1.9 knots, etc. Calms a re  included in 
the zero category. 

The use of the tables is illustrated by the followii~g example: "hat i s  
the risk of a headwind component r 15 knots on runway 17 at 12-14 hours in 
April?" Table 4.5A shows that 92.02 percent of the headwind observations were 
5 14.9 knots. Conversely, there is a 7.98 percent r isk of speeds z 15 knots. 
'What i s  the 95 percentile headwind component speed from the same table?" 
Interpolation between 94.81 and 96.05 for 95 results in a speed of approximately 
17 knots. 

IV.  NORMAL PROBABILITIES FOR EDWARDS AFB W I N D  
COMPONENTS - ALTITUDE 0 THROUCF 27 km 

This section presents bivariate normal wind statistics for Edwards AFB 

e for altitudes 0 through 27 km. The bivaridtc. normal statistics br all months br 
the 90 degree flight azimuth a r e  given in Tables 1.6 through 12.6. The standard 
meteorological notation for this flight azimuth defines u a s  the zonal wind com- 
ponent and v a s  the meridional wind component. The sample estimates of the 
theoretical mean u are 6 and 7. The sample estimates of the theoretical 
standard deviation o a re  ~ ( u )  and ~ ( v ) .  ~ ( u v )  is the sample estimate of the 
theoretical correlation coefficient between u and v. S(uv) is the covariance of 
u ,and v, and N is the sample size. The five statistics ii, ?, S(u), ~ ( v ) ,  and 
R(uv) completely define a bivariate normal elliptical distribution. From these 
five parameters the probability distributions described by Smith [ S j  and the 
statistics for any rotati011 of axes by Falls [ 6 j  can be computed. 

Since Edwards AFB was not part of the Upper A i r  Network, winds-aloft 
observations in support of test activities were made a t  irregular intervals rather 
than at regular synoptic times. Because of the time and altitude variation between 
observations it was not feasible to make then serially complete. As a result, 
the number of observations decreases rapidly as altitude increases. I f  wind 
statistics for altitudes above 27 km a re  needed, it  is recommended that those 
apg1ic:ible to Vnndcnberg AFB, as given in Rvference 7, be used. For the 
reader's interest, Cape Kennedy normal probabilities for wind components have 
also been computed [ 8 j .  



CON CLU S I ON 

In summary, this report provides two different types of wind statistics 
applicable to the Edwards AFB area. 

First, ground-level wind statistics are given computed with regard to the 
two Edwards AFB runway orientations. Crosswinds, tailwinds, and headwind 
reversals are the parameters computed by critical class intervals for hour, 
month, and runway. If cumulative percentage results are needed, one must 
follow the procedures given in this report and accumulate the appropriate 
percentages. Also, since a peak wind sample was not available for this study, 
the standard type of on-the-hour averaged observations were used. It has bean 
determined that a multiplication factor of 1.4 can be used directly on these wind 
speed statistics to approximate peak wind statistics. Peak winds a re  generally 
more useful in design and operations. 

Second, winds-aloft information i s  presented from 0 through 27 km 
altitude. Bivarintc normal wind statistics involving wind probability distribu- 
tions ,and statistics for any rotation of axes can be computed from the five given 
statistical parameters, ii, t, S(u), S(v), and R(u,v) for a 90 degree flight 
azimuth, 

Further climatological information involving the Edwards AFB area can 
be obhined from References 9 through 11. 

ORIGINAL PAGE IS 
OF POOR Q U U T f  
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