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)

Phix vevized document was meguited bocause 6, o additional years of
peak wind fnformation was available tor incorporation inte the oNisting 12, 0=
year Remnedy Space Conter peak wind data sample,  Also, nower programs
were written which calealated hondwind amt tailw ind statistics sepatately,  This
document supersedes NARA CR= 1080890 amd should be used in place of it
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TECHNICAL MEMORANDUM 78181

GROUND WINDS FOR KENNEDY SPACE CENTER, FLORIDA
(1978 VERSION)

I. INTRODUCTION

This report deals with surface-level wind conditions for NASA's Kennedy
Space Center (KSC), Florida, including the Cape Canaveral, Florida, area.
Since KSC will be the primary landing site after the first four Orbital Flight
Tests of the Space Shuttle, these statistics may prove useful in mission planning
activities. This report presents low-level crosswind, headwind, tailwind, and
headwind reversal statistics by hour and month for use with the main KSC Shuttle
runway orientation.

The winds were recorded at the Cape Canaveral Alr Force Station
(CCAFS). In March 1978 the wind observation site was moved to the Shuttle
runway. Even though the Shuttle runway (approximately 11,5 miles northwest
of the CCAFS wind observation site) may exhibit some differences in the wind
regime — perhaps more thunderstorms or different sea-breeze effects — the
wind statistics presented provide the best available missjon planning information
to date. This document supersedes NASA CR-128995 and should be used in place
of it,

Il. ARRANGEMENT OF TABLES

Tables are numbered and arranged by monthly reference period, with
subnumbers used to identify the crosswind, tadilwind, headwind, or reversal
statistics within each month as follows:

Section I

Crosswind; Tables 1.1 through 13,1

Tailwind: 'Tables 1.2 through 13,2

Crosswind versus Tailwind: Tables 1,3 through 13,3
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Headwind Reversals: Tables 1.4 through 13,4

Headwind: Tables 1.5 through 183.5,

111, RUNWAY CROSSWINDS, TAILWINDS, AND
HEADWIND REVERSALS

A. Background

A study similar to the one presented here was previously done for the )
NASA/KSC, Florida area in October 1972 |1}, That study used hourly peak ’
ground wind data to determine optimum runway orientation by minimizing P
critical high crosswind component frequencies. The proposed runway orienta- 3
tion was then used in conjunction with the hourly peak wind data to determine ‘;" P
frequencies of headwind-to-tailwind reversals that resulted in specified tailwind ‘ K
speeds. The present KSC wind study expands on the two types of information
determined previously for KSC and adds a section on tailwinds and headwinds
alone. This type of runway wind study was also completed for the Edwards AFB

P e ReamR 3T

-

» area [2]. !
5 ) . l L
‘f ; B. Runway Orientation e
j The runway of interest for NASA Shuttic Orbiter landings at KSC is Space 'y

i

!
Shuttle runway 15-33 (150-330 degrees), Figure 1 is an artist's conception of i
the Space Shuttle Orbiter making its final approach (toward the north) onto the ‘
KSC runway end 33 after completing a space mission, Figure 2 indicates the f :
general layout of the Shuttle runway. The runway is designated 15-33 because ; i
of its angle of separation in degrees clockwise from magnetic north and indicates !
a pllots approach toward that direction. That is, a pilot desiring to land toward i
the south on 15-33 would enter from the north end (15), thereby allowing him to i
land toward 150 degrecs. The runway orientation with respect to true north is . }
within 0.5 degree of magnetic north, All magnetic runway wind statistics given ;
in this report were computed with respect to true north, '

The Shuttle runway is oriented so that a vehicle landing from the northwest |
toward the southeast will probably be landing into a headwind during the summer oo
months, Figure 3 |3] gives the prevailing surface wind direction versus hour }
and month. The respective percentages of the prevailing direction arc given : 5 v

within each box., These prevailing KSC wind directions were developed by using
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Figure 2. KSC Space Shuttle runway 15-33,

hourly mean values, Generally, a 1-minute average is taken about each hour,
From Figure 3 one can see that runway 15 headwinds (winds from east through
south) prevail from April through September for most all hours of the day.
Headwinds for runway 33 (winds from the northwest and north) prevail in the
winter for most all hours from November through February, with March and
October classified as transition months,  Mean hourly surface wind speeds

(in knots) versus hour and month are given in Figure 4 [3]. It can be seen
that wind magnitudes generadly pick up during the afternoon hours [ 1200=1700
local standard time (LST) |, with larger magnitudes penerally observed during
the fall, winter, and spring months,
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Figure 3. KSC percentage of prevadlin g wind direction.

C. Data Used

The ground wind speed and direction data used in this study were taken
from a magnetic tape containing the CCAFS hourly surface peak wind observa-
tions (similar to Reference 4). The perjod of record extended from September
1958 through December 1977, The tape gave a totad of 159,938 hourly peak wind
observations for KS8C, tlorida, All calms were included in the data sample.

The hourly peak wind sample used heve is the peak wind speed (and associated
direction) obscrved between 30 minutes prior to and 30 minutes after the hour,
Speeds were read to the nearest whole knot, directions to the nearest degree.,
During the period of record the anemometer location was changed several times,
However, most of the observations were made approximately 10 meters (33 feet)
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Figure 4, KR8SC mean surface wind speed (khnots),

above natural prade,

l.

In Space Shuttle vehicle ground wind related analyses,
peak wind speeds (or gusts) are generally more useful in design, mission
plarning, and operational activities,

D. Computational Methods/Equations

This section {includes a dscussion of the

C.osswind Procedure,

computationial methods used in obtaining the percentage frequeney of vecurrenee
within critical crosswind intervads, i.e,, T4, dto 9, 100 14, 15 to 1Y,

20 to 24, and 20-up knots.

.o

PR

The crosswind equation used for the mnway is:
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Crosswind ~ (&in | WD=RA | \ WS) (n
where

RA = rmunway angle measured from true matd

WD - wind direction in dogrees clochwise from true north

WS - wind spead in hnots,

The runway crosswitnd component for ecach obsorvation was computed amd then
chechod against the several ertical crosswind intorvals, amd a tally was entered
into the appropriate matvix posiaon,  Every wind observation (159,938 total
obzervadons) was nawmdled in this manwr,

The percentage irvquency of occurrence of crosswind components within
those critical Intervals was next caleulated for each matrin positdon by dividing
the total number in that position by the total number of ohservations amd multi-
plving by 100 {,0,,

Percent flequeney

TSI 3 AUV (2)

where 8 s the number of cases within the eritical crosswind interval and s N
total number of wimd observations for that time interval,  These runway erosswijd
percentage freguencies are given by month in fables 1,1 threugh 18,1 for each

3 hour perjnd of the day,

2, Tailwind Procedure,.  In addition to eritieal crosswinds adversely
affocting the landing of space vehicles and ajreraft, headwind roversals (.o,
a hoadwind changing to a tadlwind) also can presesi proldems,  Given in this
gsection arv peroent Degquency of cecurrence tables that pertain to eritic.  tail-
wind and tailwind crosswind specds. The crosswind computations discussed in
the last section of this report do not require a speciticatdon of the lamiiig
direction since a wimd component {s cadeulated sormal to the runway,  This
means that a critical crosswimd that aftects the vehicle ftom efther the lett or
right side is tallied, However, in analvzing headwinds ad tadlwimds, the ditec-
tion of the component parallel to the runway is fmportant,  If, or example, it
were wcessary to lid on runway 1D (frem northwest), a wind component {rom
the northwest (a tallwind) would be unfavorable,  In the computations porformed
here, parallel runway winds were computed using the following formula:

”»
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Parallel wind = {cos | WD-RA | x WS} (3)

where

RA = runway angle measured from true north
WD = wind direction in degrees clockwise from true north

WS = wind speed in knots.,

When computing a parallel runway wind, sign is important, If equation (3) gives
a positive velocity (+), it defines a tailwind, Conversely, a negative velocity (-)
defines a headwind. Critical tailwind interval limits of 1 to 4, 5 to 9, and 10-up
knots were used by hour and month in computing the runway tailwind probabilities
as given in Tables 1.2 through 13.2, Finally, crosswind-versus-tailwind per-
centages are given {n Tables 1.3 through 13.3 by month and hour for each runway.

3. Headwind Reversal Procedurc. In this analysis of runway headwind
components an attempt has been made to answer som~ ovasic questions concerning
1 hour wind reversal frequencies. For example, (1) What is the probability that
the wind component parallel to the runway will reverse direction? (2) De
reversals from northwest to southeast components occur as frequently as south-
east to rorthwest changes ? (3) Suppose the wind direction at some specified
time is known; what then is the conditionad prebability of a reversal ?

a. Frequency of Wind Reversals., To calculate this value it {s only
necessary to count those cases when the parallel wind component switches from
one hour to the next; i.e., if the component roes from (+) to (=) or from (-) to
(+), this indicates a switch and is tallicd. Dividing this tally by the entire
hourly data sample gives a vercent {requency (occurrence rate) of the wind
reversing on the runway over that time interval, This procedure is expressed
in equation (4) as follows:

X(1,J) = 100 Y(I, 1) (4)

Z(1,J)
where
X(I,J) = percent frequeney of parallel component wind reversal for
month I and time poriod 0
8

sxuEERNERRTY

s -,
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e -
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¥(1,4)

number of occurrences of parallc]l wind reversals during
month I and time period J

fl

zZ(1,4) total observations during month I and time period J.

The reversal tallies were entered on the resulting hour; i.e,, a reversal wind
: between 0700 and 0300 LST is entered at 0500 LST (the resulting time). However,
since hours are combined into time intervals, this was entered as a tally within
! the 06=08 3 hour time interval. These values are listed in column 1 (TOTAL) of
Tables 1.4 through 13.4A.

b, Southeast to Northwest and Northwest to Southeast Reversals,
How often does a southeast wind component reverse to a northwest wind compo-~
nent from 1 hour to the next? To compute these reversuls, the numrer ot south-
east to northwest component changes are tallied and then divided by the total
number of observations for that time period. These values appear in columun 2
(HEAD-TAIL) of Tables 1,4 through 13.4A for runway 15 but in column 3
(TAIL-HEAD) for runway 33. Wind component changes from northwest to
southeast are calculated in the same way.

c¢. Conditional Wind Reversals. Given a southeast parallel compo-
nent wind initially, how often does this southeast wind change into a northwest
wind component by the next hour ? This third question deals with the conditional
statement that given a southeast wind, what is the probability of its changing
into a northwest wind; i,e., P(NW|SE). In this third question we must look at
only the hourly southeast components in the data sample and then tally the
southeast to northwest wind changes over an hour. This tally must be divided
by the number of southeast wind components in the sample, not by the total data
sample, because prior knowledge of the wind dircction is assumed (i.e., south-
east winds are set as given initially). See columns 4 and 5 cf Tables 1.4 through
13.4A. Likewise, column 5 presents the conditional percentage frequency of a
northwest to southeast reversal by using the same method,

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

P(xlz)lj = 3—‘%?—’1%)-'1 (5)

1. The terminology given here is reversed when considering the probability of
a headwind given a tajlwind,

mmi..._’cmi...} T LJ-.l_L_L_Li.J

* ©
Ral T




where
P(XI|2) i = conditional probability of the occurrence of a tailwind (X)
given a headwind (Z) initially during month I and time J
Y(I,J) = the number of headwind-to-tailwind changes during month 1
and time period .J . -
Z(1,J) = the total number of headwinds in the month I/time J data

sample,

Y s

Tables 1.4B through 13.4B also give headwind reversal statistics, but here the
statistics are broken out into specified resultant taillwind magnitude categories
(f.e., resultant tailwinds of >0-3, 4, 8, >3 knots).,

RS L

Throughout this headwind reversal section both calm conditions and direct
crosswinds were considered as favorable landing conditions,

4. Headwind Component Procedure. Headwind component statistics 3
parallel to the runway ure often requested. Computed in Tables 1.5 through :
13.5 are cumulative percentage frequencies of headwind components calculated
along the runway during daytime hours (06-17 hours). These tables were
computed by equation (3), using only those wind observations that displayed

ey S

s s

a headwind component along the specified runway. This means that for the e
runway 15 computations, for example, all observations of wind directions from I .
approximately west through north to east (tailwind components) were eliminated. -

This accounts for the lower number of total observations given in the tables. '
The component speed column should be interpreted as follows: 0-1 includes
speeds from 0 to 0.9 knot; 1-2 contains values from 1.0 to 1.9 knots, etc.
Calms are included in the zero catcgory. }

cn% s

E. Explanation of Tables

Tables 1.1 through 13.1, 1.2 through 13,2, and 1.3 through 13.3 of thie
report are presented as percentages of crosswinds or tailwinds within selected

wind speed intervals only, Since probability questions of the type "'greater than 3
or equal to a certain value' are usually asked (indicating an accumulated effect), oo "4
one must add together rows of percentages and, at times, columns as well, .
Tables 1.4A through 13.4A give the percent of wind reversals for "all' resultant K
tatlwind (or hcadwind) magnitudes, whereas Tables 1,4B through 13.4B break V‘

out the reversal statistics into specified tallwind categories.

10 |
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The critical crosswind or tailwind speed interval headings, 1to 4, 5to 9,
eto., are to be interpreted as 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
(38) parallel to the runway, Zero tailwinds have not been tabulated, but all
‘tailwinds > 0 knots and < 1 knot were placed within the 1 to 4 knot classification
interval during data analysis. The time intervals given (i.e., 00-02, etc,)
indicate eight 3 hour intervals, and they are expressed 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 the runway and month, Since runway end number does not matter
when computing crosswinds, the runway is listed as 15-33 on these tables.,
Examples follow concerning the use of Tables 1.1 through 13.1 in which cross-
wind occurrence percentages can be easily calculated by summing up percentages
in the appropriate row. For runway 15-33 between hours 00-~02 for the April
reference period, Table 4.1 gives a 45. 31 percent chance of encountering a
crosswind 2 5 knots, One must add 40,80 + 3.33 + 0,68 + 0,25 + 0.25 = 45,31,
This also means that 54, 69 percent (i.e., 50.99 + 3,70 = 54,69) of the cross~
winds are < 5 knots, Similarly, crosswind percentages > 20 knots can be
computed for all hours on runway 15-33 by adding, on the 00-23 line (under HRS),
0.36 + 0,30 to arrive at a percentage of 0,66. In this same category, zero
crosswinds (calm conditions, crosswinds < 1 knot, or winds parallel to the
runway) occur 2,18 percent of the time,

2, Tajlwind Example. Tables 1.2 through 13.2 give percentage fre-
quencies of tailwind components within critical tailwind speed intervals versus
hour of day for the runway heading and month. Since landing direction does
play a part in the computation of tailwinds (or headwinds), the runway is listed
as 15 and 33, indicating the approach direction (i.e., 15 is landing into 150
degrees from the northwest end of the runway). Some examples follow that
indicate the use of Tables 1.2 through 13.2, Again, the format of the tables is
similar to that of Tables 1.1 through 13.1, and the tailwind statistics presented
are not accumulated, The April tailwind percentage = 5 knots between 00-02
hours LST for runway 15 as presented on the left side of Table 4.2 is 0,87 (0,62 +
0.25= 0,87), The companion table of 4.2 indicates a tailwind percentage of
78.71 for runway 33 for the same specified conditions, The 78,71 percent on
runway 33 can also be interpreted as the percentage of headwinds on runway 15,
A tailwind on one runway heading (33) is a headwind on the other end of the

runway {(15). Combined percentiles for all hours can be obtained from the
00-23 row.

11
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Tables 1.3 through 13,3 give percentages for the joint occurrence of
winds within selected crosswind versus tailwind speed intervals, These monthly
tables are presented for each end of the runway and are displayed by hour of
day (LST). Tables 1.3 through 13,3 offer the advantage of obtaining percentages
by choosing the critical crosswind and tatlwind limits concurrently, not
separately. That is, suppose both crosswinds and taflwinds > 5 knots are
eritical to a landing operation for 00 hours during April on runway 15, one would
find the intersection number that pertains to the intervals of erosswind 5 to 9 and
tallwind 5 to 9, In this case, the number in Table 4.3 is 0,56 percent, This s
not the percentage number needed sfnce these table percentages, again, are not
accumulated, Therefore, one must sum all the tadlwind rows - 5 knots that
encompass all crosswind values ~ 5 knots, This will satisty the required
condition.  Flyure § illustrates the Table 4,3 example in more detail in that the
percentage numbers to be added are enclosed by dashed lines.,  The total required
sum of these ten numbers is 0,94, which i3 the required percentage.

RUNWAY 18, HOUR 0, KSC, FLORIDA, APRIL

TAILWIND CROSSWIND LIMITS ZERO
LINITS 14 59 1014 1519 2024 25-UP | CROSS  TOTAL?
¥
14 111 074 OO0 000 000 000 0.00 : 1.86 :
59 000* (056 019 000 000 000) { 000 074 3
\ ' » »
10-up 000 (000 _ 000 019 000 __000; | 000 , 0.8
¥ - )
TOTAL 111 130 019 019 000 000 000 & g:ﬂj‘ *

a. TOTAL PERCENTAGES WITHIN DASHED { --) AREA = 094 PERCENT.
Figure §, KSC crosswind tailwind speed interval percentages,

Since Tables 1,3 through 13,3 are the most involved of the tables pre-
sented thug 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 or columns,
respectively. The tofal column (of Tables 1,3 through 13, 3) has also added into
it all the zero erosswind percentages.  The percentage numbers enclosed by
asterisks in Figure 5 show the percent frequency of taitwinds without regard to
crogswind conponents,  An example of using the total row follows, If one needs
the percentage of all crosswitds ~ 5 knots on runway 15 at 00 houts in April
which encompasses all taflwind categories, he can sum the numbers 1,30, 0,19
0,19, 0,00, and 0,00 to arrive at 1,68 pereents Why §s this value so mueh less

2. The tabular numbers may not total exactly beeause of computer round-of,
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than the 45,31 00-02 hour percentage of crosswinds > 5 knots on runway 15-33
from Table 4.1? Tho answer is that the 1,68 percent corresponds to crosgswinds
= 5 knots with regard to all tailwind categories. Tables 1.1 through 13,1 give
crosswinds > 5 knots with regard to all parallel winds (tail and head combined).
To obtain comparable numbers, one must calculate from Table 4,3 the cross-
wind percontage = 5 knots (44,45 percent) with regard to all tailwinds on
runway heading 33 (a headwind on runway 15) and add the two percentages

(1.68 + 44,45) to arrive at 46,13 percent, which corresponds closely to Table
4.1 values. The numbers will not be exact beecause Tables 1,1 through 13,1 and
1.2 through 13,2 give statistics in 3 hour groups, while Tables 1.3 through 13,3
are by each individund hour, Both tailwinds and headwinds from ‘Tables 1,3
through 13,3 may have to be used depending upon the application,

3. Headwind Reversal Example. Tables 1.4A through 13, 4A give the
percentage of parallel runway wind reversals that answer the three questions
posed carlier in this report concerning different runway wind reversal elassifica-
tions. “hese tables present the probabilities for cach runway end by month and
3 hour time period, Column 1 answers question 1 and gives the total reversals
for all observations (within time and month category). Columns 2 and 3 answer
question 2 by giving the pereent frequency of headwind-to-tatlwind and tatlwind-
to-headwind reversials, respectively, for all observations. Question 3 on
conditional probability is answered in columns 4 and 5, Tt should be noted that
the statistics presented in Tables 1.4A through 13, 4A deal with the probability
of reversals without regard to the resulting parallel-wind magnitude classitica~
tion, as presented in Reference 1o This means, for example, that the columns
regar aug headwind-to-tailwind reversals (columns 2 and 1) were computed for
all resultant tailwind components.  On the A" tables, all magnitudes of the
resultant tadiwinds were combined before the statisties were computed, However,
Tables 1. 4B through 13,41 present these same reversal statistics with respect
to different categories of the resultant tadlwind magnitudes,

These statistics should prove valuable to both the mission planner and
the op-oritional control authority because they are based upon a prior knowledpe
of the w.nd-type information that will be avadlable during the missjon, For
ex.. ple, consider a landing planned for 1000 IS8T in April on runway 15,
assume that the wind observed at 0900 LST is hnown to have a headwind come-
ponent along that runway., Table L. 4A, column 4, indicates that 2, 36 pereent
of those wind observations changed to such an extent that it the following hour
(1000 1ST) there was a tadlwind component on runway b This pereentage can
also be obtained from the appropriate totad columun of Table 4,48, Restated in
terms o risk: with a known headwind component at 0900 18T, the risk of change
to a tallwind compoenent at 1000 18T is approximately 2 pereent. OF course,
tnis risk statement does not consider the forecast capability that would be utilized

in the real-time operation,
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If the investigator were interested in the percent of hoadwind reversals of
all revoraals which resulted in a tadlwind of >4 knots, this can be obtained firom
Table 4,4B by adding 1,31 and 0,98 to arrive at 2,29 percent,

4. Hoadwind Component Example,  Tables 1.5 through 13,6 glve cumu-
lative percer. age froquencies of headwind components along the runway during
the daytime hours, The use of the tables {8 {Hlustratod by the followiny example:
"What {8 the risk of a headwind component ~ 16 knots on runway 15 at 12-144
hours in April 2" Table 4,5 shows that 91,256 pereent of the headwind observa-
tions wore = 20,9 knots, Conversely, there is a 8,75 percont risk of speeds
> 21 knota,  "What is the 90 pereentile headwind component speed from the
same table *"' Interpolation between 94, 21 amd 95,47 for 95 results in a speed
of approximately 22 knots,

IV. CONCLUSION

In summary, this report provides ditferent types of wind statistics
applicable to the KSC, Florida area. Ground-level wind statisties ave given
co:anputed with rogard to the KSC Space Shuttle runway orfentation, Crosswinds,
tailwinds, headwinds, and headwind reversals ave the different paramoeters
computed by eritical elass intervals for hour, month, and runway. I cumula-
tive porcentage results are necded, one must follow the procedures given in this
report and accumulate the appropriate percentages.  The reader should consult
Reforence 1 for a furthor discussion concerning some small sources of errov
introduced by the use of peak whnd data samples,

Furthor climatological amd wind tinformation involving the KSC area can
be obtained trom References H through 8,
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APPROVAL

GROUND WINDS FOR KENNEDY SPACE CENTER, FLORIDA
(1978 VERSION)

By D, L. Johnson and S. C. Brown

The information in this report has been reviewed for technical content,
Review of any information concerning Department of Defense or nuclear energy
activities or programs has been made by the MSFC Security Classification
Officer. This report, in .ts entirety, has been determined to be unclassified.
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