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s
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Section 1
INTRODUCTION AND SUMMARY

The behavior of atmospheric extremes is a subject of continuous interest
in aerospace applications. Much of this interest has been centered on the
study of ground winds and their effect on space vehicle design and opera-
tions. Apollo and related launch operations impose a requirement for in-
creasingly reliable wind profile information between the surface and 150
meters. Extremal statistics and the related distributions have been used to
great advantage in establishing usable wind criteria. The purpose of this
report is to extend work completed earlier (Ref. 1) by introducing new ap-
proaches and modifications to previous efforts. These additional considera-
tions are warranted primarily by, (1) availability of new multi-level tower
data and (2) adoption of a new wind reference level for use in studying design
and launch wind criteria. Multi-level wind measurements make possible the
use of a more direct approach in such studies, thereby increasing reliability
of results and their applicability to design and operational problems.

1

'I

Previous distributions of peak winds in the 10 to 150-m region over Cape
Kennedy, Florida, were derived indirectly from the 10-m level winds and an
empirical expression relating winds between levels (see Eq. 4). The present
report develops probability distributions by using three years of Cape Kennedy
tower winds available for seven levels from 3.0 to 152.4 m. The three-year
sample of tower data is subjected to a statistical test which demonstrates its
suitability in establishing such probabilities. The multi-level set of winds
is fit to a Fisher-Tippett Type I (FTI) density function. The parameters of
the distributions are compared with corresponding results from Ref, 1.

Because several levels of tower data are available, bivariate extremal
functions can be considered. The bivariate techniques of Gumbel and Mustafi
(Ref. 2) are applied to the wind samples. Resulting parameters describe the
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correlation between peak winds at two different levels for a particular
exposure period.

There is continuing emphasis on launch area wind environments modeled
in the form of synthetic wind profiles. These profiles provide critical infor-
mation needed to evaluate such effects as dynamic loads and resistance to
vehicle bending moments. The present study establishes profiles using the
new reference level of 152.4 m (in contrast to earlier work (Ref. 1) which.
used the 18.3-m level). Also, earlier studies used one annual set of
parameters to describe the wind profiles. This report extends these efforts
by presenting profile parameters for several seasons and hourly class intervals.

The various applications of extremal distributions to the tower data and
the development of synthetic profiles provide the following specific results;

• The probability of not exceeding the wind speed at each of seven
levels between the surface and 152.4 gin.

• The joint probability of not exceeding the ,wind speed at 152.4 m and
any other level below.
The joint probability of not exceeding  given wind speed at 152.4 mg g	 P
and a given profile for a particular exposure period.

Supporting tables, graphs, and examples of applying these results are
included.

A preliminary analysis on the behavior of peak wind directions is
presented. This compares the directions of the wind measured on the hour
with the peak wind direction during the associated hour.

Finally, an appendix documents (1) the feasibility of integrating ex-
treme distributions with analytical techniques; (2) the development of a
sample distribution assuming Fisher-Tippett Type I parameters; and (3)
a proposed method for determining the sample variance

1
2
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Sesrtion 2

STATISTICAL ANALYSIS OF CAPE KENNEDY
TOWER WIND DATA..

2.1 THE DATA SAMPLE

The three-year data sample of Cape Kennedy tower winds which are

analyzed in this report includes measurements of peak winds at the 3.0-m
and 18.3-m levels from a small tower, and peak winds from a higher tower
at the 18.3, 30.5, 61.0, 9.1.4, 121.9 and 152.4-m levels. From a meteor-
ological standpoint, however, three years is considered a very short time,

and even an abundance of data over this period does not change the fact that
one season characterized by unusually strong or light winds would greatly
bias the data. In order to test the validity of using the relatively small
sample available at this time, a comparative study was made of a twelve-
year peak wind sample from Cape Kennedy against a three year sample,
both of which consisted only of 10-m peak winds. The three-year sample
was actually a subset of the twelve-year record, but the three years chosen

Were for the same time period as the multi-level sample of tower data. The
hypothesis tested was that the twelve-year sample and its three-year subset

represent the same population. An acceptance of this hypothesis lends sup-
port to the use of only three years of tower data in constructing bivariate

and univariate extremal distributions. The 10-m tower data were not used

in the comparison primarily because the tower winds were measured at a
location different from the site of the twelve-year sample. Because of the

different roughness characteristics of the underlying surface, the value of
such a comparison would be suspect. Futhermore, a portion of the 10-m
tower data was not available.

Specifically, the two samples compared consisted of daily peak wind

speeds at the 10-m level and for the following time periods and sample
sizes nA and nB.

3
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Sample A: Dec 1956 -- Dec 1968 (nA  4405)

Sample B: Jan 1966 -- Dec 1968 (n B - 1096 Same time period as
multi-level tower data).

The two-sample Kolmogorov-Smirnov test was chosen to test the null
hypothesis that the samples are from identical populations (Ref, 3). The
basic statistic, D, employed in this test is defined as

D _ sup 
I 
FA (x) s j B (X) I

E where the right-hand side expresses the maximum absolute difference in the
distribution functions of samples A and B. In the above expression, the re-
spective distribution function values are the cumulative relative frequencies
of the peak wind speeds which can be readily computed from the data.

A. test with level a is obtained by rejecting the hypothesis when the
test statistic exceeds D. In the present case this is written

D > - 1(nl + nl In 2A B

The samples compared gave D 0.0309. For n  = 4405, n  = 1096, and
a = 0.05, the ,right hand member of the above inequality is 0.04583. Thus,

S	 at the 5% Level, the hypothesis of identical populations cannot be rejected.
This is the conclusion desired from the comparison test. Therefore, it
was permissible to assume that a three-year sample of peak winds at Cape
Kennedy could be used in constructing probability distributions.

2.2 APPLICATIONS OF EXTR EMAL FUNCTIONSNCTI NS TO THE TOWER, DATA

The tower data introduced in theprevious section can now be used: to
derive information about the extreme winds in the 3 to 150-m region.

S
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Zxtreme winds, defined here as the peak wind registered during a predeter-
mined period of exposure, have been found in previous studies to fit the
Fisher-Tippett Type I distribution (Ref. 1). The Fisher-Tippett Type I
density function for a peak wind speed u with parameters a and ,U, (deter-
mined from the mean and .vq.riance of the wind sample) is written

f (u ) - a exp 16-a (u - µ) - CL
	 µ)	 (1)

Figures 1 and 2 show examples of the plots of the three years of Cape
Kennedy multi-level tower data. The lines on these plots, representing
the Fisher-Tippett Type I theoretical distribution and la confidence bands
for the tower data, give some indication of the fit.

The data were divided into reference periods composed of four sea-
sonal groupings (see appendix) and a composite annual reference period.
For all reference periods, extremal parameters (a and µ) were found for.

{ 1, 5, 10 and 15 day exposure periods. For the annual case, 30- and 60-day
exposure periods were also studied. Gumbel's estimators of a and µ from
Ref. 4 were used; and since the data sample was small, a correction, also
available from Ref. 4, was added.

4

	

	 The results presented in Table 1 indicate that the exposure period and
seasonal groups of data have an effect on the parameters calculated. Figures
3 through 42 show distributions at a particular level and season with varying
exposure periods. These give the probability of not exceeding a given wind
speed at a specified level.

;A. comparison of the present results for the annual reference period
with corresponding results in Ref. 1 shows that the 11 values in Ref. 1 are
somewhat conservative. One explanation for this difference at the higher

Y	 *Gumbel, in (Ref. 4), presents a well developed study of the FTI distribution
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levels and for longer exposure periods is the limitations inherent in the power-
law i-elation (f;ci. 4) for a 10-minute interval. The, wiiid spoods nicasurwi ovor
<t 10 -rtiiiittto iitCorval are likoly to be relatively lover, wid, itu'ercricc-s oti wired
speed behavior greater than about" 32 knots were somewhat limited. Also, in
Ref. I peak winds at each of the seven tower levels were assumed to occur
within the same 10-minute interval, regardless of the exposure period. The
validity of such an assumption decreases as the exposure period increases.

Another apparent discrepancy is an absence of a decreasing trend of a
values over longer exposure periods in the present results. Such a trend was
clearly indicated in the results of Ref. 1. Unfortunately, the a's in the pre-
sent report could not be investigated for exposure periods beyond 60 days be-
cause of a lack of data. Conversely the sac's for the base level of 10-m in Ref. I
for short exposure periods were simply interpolations between one day and 30
clay-values. 'Therefore, further investigation seems practical to establish
actual trends of extremal parameters employing a more complete set of data
(e.g., the twelve-year peak wind record for Cape Kennedy available at the
10-m level).

It can be seen, however, by examining the slopes shown on applicable
graphs in Ref. I that a's (if not the µ's) fall within the confidence intervals
established in the present report for the appropriate level and exposure period.

2.3 APPLICATION OF BIVARIATE DISTRIBUTIONS TO THE TOWER DATA

In Ref. 2, Gumbel and Mustafi present the following Equations associating

two extremes

_16nxF (1) (x, y, a) = F (x) F ( y) exp a 	 F x + -Any F (Y)

F (2) (x, y, m)	 exp - (1nF(x))m + (-InF(y))mlI/mI

l

(2)

(3)
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where F(x) and F(y) denote the Fisher-Tppett Type I probability function of
extreme values x and. y respectively, and the parameters of association, "a+ ►
and ''m" behave such that Q < a, I/M < 1.

The bivariate distribution, described by two random variables considered
simultaneously, can be handled in a variety of ways in the present context of
peak winds. Consider the two random variables to be peak wind speed y at two
levels for the same exposure period. The peak winds are actually specified by
a "parent" random variable which, in this case, is the epoch (exposure period)
over which the peak winds occurred.

lf, for example, the epoch is taken to be five days, then the random
variable for one level is the five-day maximum of the hourly peak winds which
occurred at that level. Similarly, the second random variable is the corre-
sponding five-day maximum of the hourly peak winds at some other Level. The
epoch which specifies these two peak winds is the five-day interval of exposure.
There is, of cour se, no guarantee that the five-day maxima for the two levels
will occur in the same hour, and this becomes even more unlikely for longer
epochs.

A more reasonable procedure is to define two random variables re-
spectively as;

1.	
u152.4	

Maximum of the hourly peak winds at the reference level
for a given epoch.

2.	 uh ; Hourly peak wind at another level h which occurs during
the same hour as the peak wind in (1.) but which may not
be the maximum wind at this level for the entire epoch.

This approach actually serves a dual purpose. 	 First, it gives a more
meaningful form of the bivariate; secondly, the results a and tL derived' from
this choice of variables give an indirect test of the validity of assuming that
peak winds at two levels occur over an exposure period at the same time (i.e.,
same hour).	 Specifically, the winds described in (2.) above must be less than
or equal to the peak wind at this second level for the given epoch. 	 If the peak

r 7
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wijulx; at both lovels (reference level and second level) occur Simultaneously
1*()i- it particular epoch, then the extremal parameters (a's and A,'s) calculated
from the array described by (2.) will be the same as those given in Table I
for the appropriate level, exposure period, and season. As discussed in
subsection 2.2, Table 1 gives extremal parameters determined from a uni.-
variate distribution, but for several levels of tower data. Thus, as a com-
parison, the bivariate a and A values determined from the definition (2.)
above are presented in Table 2. Comparing Tables I and 2, it can be seen
that as the exposure period and the distance between the two levels increase,
the assumption  of simultaneous occurrence of peak winds at two levels is
weakened. Figures 43 and 44 are plots of the data as described in (2.) above.
The figures indtcate how well the data fit the Fisher-Tippett Type I distri-
bution.

The quantities x and y as used in Eqs. (2) and (3) are called "reduced
variates" and are calculated by

x = al 
(u 152.4 7 Al)

Y = a2 
(uh - 112)

Here, u152.4 represents the wind speed defined in (I.) above and al and IL I

are values for the 152.4-m level from Table 1. Similarly, u h denotes wind
value s above in (2 0, and a2 and 112 are the values for a particular level, h
from Table 2. As can be seen in Figs. 1 through 44, there is a non-varying
relationship between the reduced variate and probability.

In Ref. 2, several methods are presented for estimating the bivariate
parameters a and m. introduced in Eqs. (2) and (3) respectively. The first
method depends on criteria which may be quantitatively determined by con-
sidering the number of pairs of reduced variates which satisfy certain in-
equalities. The criteria for both distributions are based on

F 13	 (F 1 + F 3 )12N

I I

r", 1t I
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Here N is the totaltotal number of pairs of reduced variates and F 1 is the number
or pairs of variates whose members (x, y) satisfy the condition

x_> 0.36651.
y > 0.36651

and F 3 is the number of pairs whose members (x, y) satisfy

x < 0.36651
y < 0.36651

If 0.25 < F 13 < 0.35355, then the parameter "a" can be estimated
using quadrant frequencies and,

If 0.25 < F 13 < 0.50, then the parameter "b" 1/m can be estimated
using quadrant frequencies.

In all but two of the 42 cases presen'tad, the criterion for estimating b was
satisfied. In only 4 of the 42 cases was the criterion for estimating "a" satis-
fied. Thus, only estimates for m(-1/b) are presented (Table 3), and it is
assumed that only Eq. (3) fits the data satisfactorily. Table 3 also contains'..b'
a "difference" estimate of m which is based on the standard deviation of the
difference of the reduced variates x and y. Table 3 shows that, as the level
approaches 152.4 m in each exposure period, the m (m estimate) increases.
The parameter m its related to the correlation P between the wind speeds by

-1 /2
M = (1 - P)

r	 The correlation between wind speeds at 152.4 m and any lower level would be
expected to increase as this level approaches 152.4 m. The above relation

S

shows that m incxeasts in the same sense.
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2.4 PEAK. WIND PROFILES BASED ON THE 152.4-m REFERENCE LEVEL

Reference; 1resented a method for obtaining probabilities of winds atP	 gP
18.3 m and wind profiles from 18.3 to 152.4 m. In this report, the levels are
reversed; i.e., probabilities are g.ven for 152.4-mwinds and profiles constructed
downward from 152.4 to 18.3 m. This reflects the change which establishes 1.52.4 m
as the reference level, in contrast to the old reference level of 18.3m.

The peak wand profiles require a distribution of the winds at 152.4 m
and a relationship between winds at two levels. The distributions at 152.4 m
are discussed in subsection 2.2 and distribution parameters are included in
Table 1. The relationship between levels is such that given an operationally
critical wind at some reference level, the peak wind speed at other levels can
be prescribed by the power-iaw relationship

U  = U  
(h/r)k	 (4)s

where u  is the peak wind speed at level h and u  the peak wind speed at the
reference level r.

h.

Using a large sample of peak wind profiles for the Eastern Test Range,

	

IASI	
Fichtl (Ref. 5) has established that the exponent k can be expressed in the
form

	

k	 c. (ur ) p .	 (5)
t

Statistical techniques have been applied to Eqs. (4) and (5) in constructing a
wind profile extending upward from some lower reference level r, usually
18.3 m (Refs 1 and! 5). Using such an approach, Fichtl has found that k is
very nearly normally distributed for any particular value of the peak wind
speed at the 18.3-m level (Ref. 5).

}
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k = 
cup152.4 (8)
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In .Eq. (5), p is an empirically determined exponent and the quantity c
is a random variable, distributed normally with mean c and standard deviation
a, Taking logarithms and expressing c in terms of this distribution, Eq. (5)
becomes

logk = log(c +na) + p logur .	 (6)

The factor .n in Eq. (6) determines the number of standard deviations from
the mean and, for a normal distribution, has the value 0, 1.6, and 3.0 for the
0.50, 0.95, and 0.999 cumulative probabilities, respectively.

Consider now a procedure which will allow the construction of a peak
wind profile downward from an upper reference level r 152.4 m. For such
a procedure, Eqs. (4) and (5) are rewritten with r = 152.4 m.

uh _ u152.4 (h/152.4) k , h(m), u(m/sec)	 (7)

1

t

'!	 logk	 log (—c + na) + p logu	 (9)152.4

In constructing such profiles "downward'' from a specified upper refer-
ence level, the variate c can now be interpreted as a risk. The term "risk"
in this sense denotes the probability that the peak wind at level h is greater
than uh *

In order to derive a useful form of Eq. (8), wind profiles were investi-
gated for each of 32 time divisions. 	 These divisions consisted of eight 3-hour
observational intervals for four seasons of the year. 	 These particular sea-
sonal groupings were chosen in an attempt to ensure homogeneity of the samples

I

*See Appendix.

s
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and to give the bast description of winter, summer, and transitional periods
()I* groutid wiaid behavior. All sample profiles in each of these 32 time
divisions were grouped into class intervals according to the peak wind speeds
at 152.4 m. Equation (4) or (7) shows that each profile within such an interval
corresponds to a particular value of k. Cumulative frequency values of k for
the 50, 95, and 99.9 percentiles were plotted as a function of the 152.4 m wind
speed. A curve was fit to each of the three percentile plots using the method
of least squares. The equation of the resulting three curves can be written

I

logk = loge + pl logul52.4	 (10a)

logk = log(c + 1.6 a) + p2 logu152.4 (1 Ob)

logk = log(c + 3a) + p3 logu152.4 (10c)

If the k values are distributed in this manner, then the slope values pl,
p20 and p3 must be equal. In order to determine if the slope values for a
given hour and seasonal division were (or were not) significantly different,
the statistical F test was applied to the values p l , p2, p3 . All slopes for the
32 time divisions passed the F test with the exception of those associated with
class intervals 1, 2, 3, 7 and 8 of Season 2, and class intervals 1, 2, 3 and 8 of
Season 4 (see the Appendix for key to seasons and class intervals). Therefore,
the results of the test indicated that the empirical Eq. (5) is acceptable.

s Insofar as the slope values in Eq. (10) are not significantly different, the
three equations contain only the two unknowns c and a for the given sample
values of k and u152.4 available from ETR data. A maximum likelihood method
was applied to Eq. (10) to determine c and a. Thus, p, c, and a were found
through statistical analyses and curve fitting methods of the sample profiles
and 152.4-m. peak wind data. They then become known quantities for a given
time of day and season. A particular multiple of a corresponds to a certain
percentile value of the distribution of the wind profile parameter k. Equation
O now providesrovides a useful formulation of the distribution of k as a function of
peak wind speed at 152.4-m. Once the parameter k is found, the complete

„ 	 12
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wind t-ofil,e is specified for a r iven peak winds speed at the upper reference.

	

C	 P	 ;^	 P	 p	 np

	

level I •	 152.4 Ill.

I

Figures 45a through 45 " are graphs of the quantities c, v and p for
four seasons plotted against eight three-hour class intervals. The results
are also given in tabular form in Table 4. It can be seen that the hourly
variations are much greater than the seasonal changes. Although there are

I.
some shifts in the times of maxima and minima, the general shapes of the

	

F	 curves for each parameter are preserved from season to season. However,
there are lar ge hourly amplitudes in most cases. This justifies the use ofY	 p	 J
class interval divisions in determining the parameters c, v, and p; and thus
represents an improvement over the use of average values as employed in
Ref, 1.

Although wind profiles are constructed with reference to the 152.4-m
level in this report, the basic theory described in Ref. 1 is still applicable.
For a given value of u152.4' the wind profile through lower levels is uniquely
determined by the variable c; see Eqs. (7), (8), and (9). The probability that
a profile will not be exceeded is equal to the probability that c will not be
exceeded. Figures 46 and 47 represent the joint probability (ordinate value)
that u152.4 (abscissa value) and the profile indicated in the legend will not be
exceeded. No special significance should be attached to the use of Fisher
Tippett Type I graphs in these figures; these graphs simply providea con-
venient mode of display. In addition to the graphs, curve fit parameters (3

	

rz	 and y were determined from the linear expression c t = c tp	 Y( ^ ) a( ^ )[u152.4'Y (c, t)J

These parameters appear in Table 5. Approximate joint distributions F (u 	 , c),
.1.52.4.

for a specific 152.4-m wind and profile may be computed from

	

F(u	 , e) = exp .e Y(c, ,t)
152..4

Tables 6, 7 and 8 are a's and A I s corresponding to the three-hourly
class intervals, but are given for monthly instead of seasonal divisions.

13
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2.5 USE OF THE TABLES AND GRAPHS

Probabilities for the Fisher-Tippett Type I distribution can be deter-
mined through use of the reduced variate as def

R
ined in subsection 2.3. The

r relationship between the wind value and the reduced variate is linear. The
relationship between a reduced variate y and the cumulative probability of y

`	 is one- to - one and does not change, as can be seen from the equation

P(y) = e -e-y .

This relationship is given on all of the ordinate scales in Figs. 1 through 44.
When probabilities are being determined, it is convenient to find the reduced
variate and then read the probability from the ordinate that corresponds to the
particular variate.

Figures 3 through 42 show the calculated distributions of the peak winds
at the seven levels of Cape Kennedy tower data. The g raphs, or the corre-p	 Y	 g p ,

s ponding a's and µ's in Table 1, can be used to calculate: (1) the probability
that a wind Af will not be exceeded in a given exposure period; i.e., P(A <A
or (2) the risk or probability that a wind A will be exceeded in a given ex-
posure period; i.e., P(A A^ ).

• Example
3

C 1 ltkt the roba 1-% '1't'	 f	 k	 d"	 d f 10 dG& cu ^. a	 p_	 i ie 2	 or C', pea -win	 in an exposure perio	 o	 ays
p during season 3, and for a level of 61 m.	 Table 1 has a = 0.1428 and tL _ 33.0591.

Set A^ equal to 34 knots, then the reduced variate is

y = a(u-µ)

0.1428(34.0-33.0591)=

0.1345-
t

i

r

14
r^
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',l. he probability corresponding to the reduced variate 0.1345 is 0.40. (Sc e
any ordinate scale Figs. 1 through 44.) Therefore, P(A < A') ^ 0.40. For
the risk, P(A > A` ) = 1 - P(A < 9 ) = 0.60.

Using the appropriate tables and graphs for the bivariate, pear wind
profile, and univariate distributions, probabilities of the following forms
can be found:

Case I: The probability that the wind A is less than a given value
A', and the wind (or profile) B is less than a given B'; in other
words, neither A nor B is exceeded, is given symbolically by
P(A < A In B < 131).

Case II: The probability that at least one of the conditions in
Case I is violated; i.e., either the wind A is exceeded or the
wind (or profile) B is exceeded or both are exceeded is given
by P(A > A` U B > B') = 1 - P(A < A' n B < B').

Case III: The probabilit y that both the wind A and the wind (or
profile) Bare exceeded is given by P(A > A' fl B > B') - 1 - P(A < A')
- P(B<B^)+P(A<AnB<B').

2.5.1	 The Bivariate Distribution

Parameters that represent the first variable of the bivariate (i.e.,
wind A in Cases I, II, III above) are those labeled 152.4 m under the annual
case in Table 1. Figures 43 and 44 are examples of the second variable of
the bivariate distribution. (This variable corresponds to B in Cases I, II,
III above). Parameters for this second variable are given in Table 2.

In the bivariate procedure, first select the desired exposure period.
From Table 1, the a and µ for that exposure period are selected for the
annual case and the 152.4-m level. Next, a second level is chosen. Using
the same exposure period, the a and µ are selected for the second level in
Table 2. (All parameters in Table 2 are for an annual reference period.)
The estimate for the parameter I 'm" is found %n Table 3 for the appropriate
exposure period and level. These parameters are then applied to Eq. (3),
(subsection 2.3), which can be simplified for the Fisher-Tippett Type I
distribution to

15
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F (X, Y, m) = exp - (e -mx + e -my 1 /m	
(11)

• Examples

Case I: As an example of the calculations for the bivariate distri-
u^tion, consider an exposure period of one day, the second level

equal to 18.3 m, the wind at 152.4-m equal to 37.5 knots, and the
wind at 18.3-m equal. to 32.2 knots. From Table 1, the parameters
are ac 0.1548, µ - 22.8319. The reduced variate is x -s 0.1548
(37.5 22.8319) = 2.25. From Table 2, the parameters are a R 0. 1640,
µ = 17.1384, and the reduced variate y = 0.1640 (32.2 17.1384) 2.50.
Froze Table 3, m = 2.53885. Applying these quantities to Eq. (11),
F(2.25, 2.50, 2.54) 0.8 hil. Thus, 0.878 is the probability that the
152.4 -m will not exceed 37.5 knots and that the 18.3-m wind will not
exceed 32.2 knots. That is, P(A < A' n B < B') 0.878.

Case II: The probability that one or both of the winds in Case I will
be exceeded at their respective levels is 0.122. That is,
P(A > AI U B > B ^) 1 0.878 0.122.

Case III:	 Mere it is necessary to obtain P(A < A' ), which is the
probability that the 152.4-m wind will not ex5-ed 37.5 knots during
a one day exposure period.	 Since the reduced variate for the 37.5
knot wind is 2.25, the corresponding probability value is 0.90. 	 It
is also necessary to have P(B < B').	 In accordance with definitions
of random variables in subsection 2.3, this is the probability that
B' = 32.2 knots at the 18.3-m Level will not be exceeded during the
hour in which the 152.4-m daily peak wind occurs. 	 Corresponding
to the reduced variate 2.50, the probability is 0.92.	 Thus,
P(A > A' n B > B') = 1 - 0.900 - 0.920 + 0.878 = 0.058. 	 As expected,
this is less than the probability 0.122 of one or both winds being
exceeded.

2.5.2	 Peak Wind Profiles

For these examples, consider the variable B in Cases I, II, III to be a
peak wind profile- instead of a single wind speed.	 From Table 5, find the

and Y corresponding to the desired profile and time; substitute these
parameters along with the 152.4-m wind into the reduced variate equation

1
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E can pl.es

Case I; Consider a la wind profile and a 152.4-m wind of 31.2
knots uring the month of January at 1200 EST January is in
Season 1, and 1200 falls in hour group 4. From Table 5, P = 0.1408,
Y : 16.6299. Then y = 0.1408 (31.2 - 16.6299) = 2.05. The probability
corresponding to this reduced variate is 0.875; i.e., the probability
that neither 31.2 knots at 152.4 m or the la envelope of 31.2 knots is
exceeded is equal to 0.875.

a

V

Case II: The probability that either the 152.4 m-wind or the la
envelope is exceeded, or both are exceeded, is 1 - 0.875 = 0.125.

Case III: First determine P(A < A') and P(B < B').	 A` is 31.2 knots,
and the parameters for January (Season 1) and 1200 EST (hour group
4) found from Table 6 are a = 0.13' 9, µ = 16.5100.	 Thus,
y = 0.1399 (31.2 - 16.5100) = 2.06.	 The corresponding probability,
P(A < A') 0.875 .	 Determine the quantity uB from the power-law
equation,

18.3 (c - na) (u152.4/1.94)p

uB^ _ u152.4 152.4

Table 4 has values for c, a, and p tabulated by seasons and hour
groups. For this example, c = 0.09463, a = 0.20820, p = 0.15599.
Substituting these values into the above power-law relation along
with u152.4 = 31.2 knots yields U B r = 36.5 knots. The a and µ
for associating B' with a reduced variate are found in Table 7.

Ll	 Table 7 gives a = 0.1744, J. = 1 2.8536. Thus, y = 0.1744 (36.5
12.8536) = 4.1. The corresponding probability, P(B < B') = 0.983.
Thus, P(A > A^ 0 B > B') = 1 - 0.983 - 0.875 + 0.875 _ 0.017. This
is the probability that both the 152.4-m. wind of 31.2 knots and the
la profile are exceeded.

2.6 STATISTICAL COMPARISON OF WIND DIRECTIONS

In addition to considering the behavior of peak wind speeds, the asso-
ciated wind directions assume importance with regard to possible launch
azimuths and vehicle shapes. A distribution which can usually be obtained
is that of hourly peak winds plotted by speed and direction. An even more
desirable distribution would consist of hourly peak winds for 10-degree
directional- classes, also plotted by speed and direction. Since the latter
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distribution is not readily available, it is practical to test the hypothesis
that wind directions are fairly constant over an hour. To the extent that
this is true, the direction associated with the hourly peak wind represents
all the wind directions occurring during the hour.

For this test, an eight-year sample of 10-m wind directions from:.
Gape Kennedy was subjected to statistical analysis. The data employed
consisted of the direction of the wind (d i ), measured on the hour, and the
direction of the peak wind (d

i
), during the succeeding hour interval,. The

random variate to be analyzed was Ad = d i - d j , given in degrees. The
distribution of the variate was characterized by the following statistics;

mean = 0.60
standard deviation = 27.40
skewness 0.35
kurtosis = 15.28

These values show that the directional distribution by hourly peaks
closely approximates the distribution of the hourly peaks by direction over
the same time period. The mean is near zero. The dispersion about the
mean indicated by the standard deviation of 27.4 degrees is also small.
Thus, a large portion of the values Ad are grouped around the mean. The
small skewness can be assumed to indicate a rather symmetrical distribu-
tion. The large kurtosis value generally shows that more values of the
sample are close to the mean value than is true with a normal distribution.
Thus, each statistic emphasizes that most sample values are very close to
zero, indicating the small difference in d i and di.

There are, of course, certain weather events which may cause d i to
be quite difference from d

i . These include frontal passages during the hour
and pronounced wind directional changes associated with thunderstorms. It
is not uncommon to experience brief directional changes of 180 degrees at
locations affected by strong thunderstorms. No attempt was made to remove

J1

18
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such cases from the sample under investigation. A further and useful re-
finement to the above results would be the directional analysis of stratified
samples in wh i ch separate consideration could be given to: (1) thunderstorm
and other strong wind regimes, (2 ► extremcly light winds, and (3) time-of-
day stratifications,

Oki

M
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Section 3
CONCLUSIONS AND RECOMMENDATIONS

The results of this study indicate the practical value of using multi-
level wind data to establish guiding probabilities for design and operational
purposes. On the basis of appropriate tests, the validity of using a relatively
small sample of tower data was justified. Even more definite conclusions
could be derived from a larger sample; and it is hoped that a continuing pro-
gram of multi - level wind measurements will provide the increased data
sample required for further investigations in this area.

In applying Fisher-Ti.ppett Type I distributions to several levels,
parameters were obtained which are in general agreement with those derived
for a single level in Ref. 1; however, definite trends in the parameter values
were not as obvious in the present report. Further study is needed to deter-
mine :f such trends are characteristic of the parameters developed from
atmo 8 pheric extreme values.

nAlthough the significance level was o d etermined for the b' arate.'g	 g^	 not d	 ^,ned	 a iv i
distribution, 40 out of 42 cases passed the criteria for estimating the "b"
(=1/m) parameter. Such results do not justify the rejection of the hypothesis
that the data fit the bivariate distribution described by Eq. (3). In contrast,
since only 4 out of 42 cases passed the criteria for estimating the "a" param-
eter, a data fit to Eq. (2) was rejected.

Variations in those parameters which define a synthetic wind profile
indicate that an average value for these parameters may not be sufficient.
More realistic profiles should result from considering seasonal and hourlyM	 p	 g	 y
variations. However, because of the divisions into 32 cases for the 152.4-m
reference level, it was difficult to make a valid comparison of the resulting

20
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probabilities with Ref. 1, which used 18.3 m as the reference Level. There
is also some question as to the accuracy of subjecting the wind profile param-
eters to a linear fit at wind ;speeds greater than about 30 knots. A second.
degree fit may be more suitable. Further study of the power-law and its
associated parameters is recommended to resolve such questions. In view
of these uncertainties concerning the peak wind profile, the bivariate distri-
bution is believed to give a more straightforward approach to the problem of
bi-Level winds.

I
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Appendix A

SAMPLE DISTRIBUTIONS
FOR

EXTREMAL FUNCTIONS

by
B. C. Johnson



Appendix

' This Appendix presents theoretical topics related to extremal functions.
t

1 Although emphasis is given to theoretical development, a consideration of
these topics may contribute to future practical applications in the statistics

of atmospheric extremes.	 Various integration techniques of extremal density
functions will become important as these functions are used to solve aero-
space design and operational problems. 	 The feasibility of analytically inte-
grating the Fisher-Ti	 ett	 a	 density function	 explored	 1g	 g	 pp	 Type I	 n i y fun t	 o is	 xplo ed m Section A
In Section A.2, a procedure is developed which can be applied to test the

-fitgoodness-ofof extreme value samples to a univariate Fisher-Tippett
Type I distribution. 	 A computer program is outlined for application of the
technique.	 Section A.3 proposes a method for determining the sample vari-
ance.	 Further consideration of the methods discussed in these latter two
sections may lead to useful testing procedures applicable to extremal
statistics.

A.1	 ANALYTICAL INVESTIGATION OF EXTREMAL FUNCTIONS

Consider the empirical power-law relationship (Ref. A.1)

-3/4cu
h	 18 ..3

U  =u 18.3	 18.3	 (A.1)

I
between uh , the peak wind speed (m/sec) at level h (m) and u18.3, the peak
wind speed at the reference level, 18.3 m. Equation (A.1) represents a
power-law profile with parameters c and 3/4 derived by statistical analysis
of Cape Kennedy wind records for a specific exposure period.

l
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Equation (A. 1) can also be written

3/4	 u 
	 h

u 18.3 In a 18.3
	

In 18.3	 = c (A.2)

In the statistical analysis from which (A.1) is derived, the quantity c is con-
sidered a normal random variable with standard deviation a 	 This allows
the expression of Eq. (A.2) in probability terms, or;

u- 
3/4 

c	 c_ — 2	 2
h	 18.3	 1	 - (c	 c) /2 vc

P u  < u 1 8.3 18.3	 -	 _ r
^ 	e
	 dc,	 (A•3)

_00 V G Qc

Now let
-3/4

h u18.3 c

K u 18.3 (-17.3)

The upper limit of integration for c then becomes

3/4	 K	 hC _ u 18.3 In u 18.3
	

In 18.3

A change of variables from c l to v is expressed by

c ,	 u3 /4	 In' v	 In h
18.3	

u18.3	
18.3
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Equation (A.3) becomes

2	 2
K - u 3^4 In	 Qn h	 - c	 Z (1c

P u^ K	
f e	

18.3	 u18.3	 18.3
h—

0

[ u3/414-2;'
 v V in 

h	 dv	 (A.4)
18.3	 c	 15.3

Equation (A.4) is the integral of the normal probability density function with
the normal variate involving logarithms. Its value can be expressed in terms
of the normal distribution function. However, the norn-ial distribution cannot
be expressed in terms of elementary functions. Consequently, both sides of
Eq. (A.4) cannot be integrated analytically with respect to u18.3. The inte-
gration, of course, may be carried out by numerical methods.

Another approach is to employ conditional probabilities. However, this
approach also does not lend itself to an analytic solution, as shown in the
following development.

For a given wind speed u 1 8 .3 , the derivative of Eq. (A.4) is the condi-
tional probability density function f (u h I u 18.3 ). The probability density
function for any level is given by (Ref. A.1)

^t.

0

f (uh) - f f (uh , u 18.3 ) du 18.3
—00

W

=f f (uh I u 18.3 ) f (u 18.3) dul8.3

•

4

(A.5)

A-3

LOCKHEED • HUNTSVILLE RESEARCH & ENGINEERING CENTER

-;ate	 -	 -...	 ^ .	 :.	 .. t	 ^ ^+^	 v K •_ r p ^	 ,	
—i

.m , t.	 „	 up.a, `rsw • r: %'.^L.	 `	 ^Fwv^.^a.	 ,.yyw^•yr"^Yw^...i.. 	 '0.^''i°"'	 ^C	 1„-+'nfs.R,^+ "'RU^.ww^wh'"'^'y..

Y

-+y

e



LMSC /HREC D162482

i The function f (u18.3) is assumed to be of the form described by the FTI
density function

(u
f (u	 ) = a exp	 e18.3 µ) - a(u 

18.3 - µ)	 (A. 6)18.3 

where «and µare parameters determined from the mean and variance of
the wind sample.

The conditional probability can be written in terms of the normal variate
4	 c by the transformation

R

8u
_ 1	 - (c c)2/2 a2 	 ac

	

f (uh l u 18.3 ) =	 e
^^' Cr	 h

where c and au can be found from Eq. (A.2).
h

These substitutions when applied to Eq. ( A.5) yield

003/4 1

f (uh) _
	 u 18.3 h

- oo	
uh 2'`Z 18.3 -c

- ry (u. ,,	 - u.)

1
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e .

'.w`	 immediate problem with Eq. (A.7) is that In u18.3 is not defined for
negative values of u 18.3 .	 Since u18.3 is never negative, f (u18.3 ) can be
defined equal to zero for negative values9	 8 of u	 .	 The1.8.3 lower integrationg
limit then becomes zero.

The substitutions a	 = In	 h	 a ,K	 18.3	 c c	 = c in	 hK	 18.3 , and u	 = e -y18.3

transform Eq. (A.7) into

00

f(u) ae-3/4y ex	 - e - a( e y - µ) _a (e Y_ ) _
h	 Y

-00	 2 QK u 

ex
-3/4y	 _ 2

-	 .8P	 @	 ('^ hn u +	 c	 2 a2 dy)	 K	 K -Y '	 (A )

The last exponential in Eq. (A.8) is the normal probability density func -

tion with the variable equal to e -3/4y (fn uh +y). The integrand in Eq. (A.8)
includes e -3/4y in the first term of the product, but this is not related to
the derivative of either of -the other exponential terms in the product. The
fact that the into rand contains the normal p robability densi ty function andg	 P	 Y	 Y

other unrelated functions would in general preclude the possibility of ex-
pressing the integral in terms of elementary functions required for analytic
integration.

A.2 SAMPLE DISTRIBUTION OF A VARIATE WITH A FISHER- TIPPETT
TYPE I DISTRIBUTION

A.2.1 Development of Theory

t t	 t goodness-of-fitIt may be practical  o est he goodness of fit of n sample values to
an extreme value distribution, such as the Fisher-Tippet Type I (FTI), whose
parameters a and p are readily obtained from the given sample.

Y

A-5
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'1'Iic do iis:i4y fut c lion for the F TI is Eq. (A.6). T)w, corresponding distri-
bution function is

F (x) exp {- e - a (x - µ) }	 (A.9)

where the variable x is used for generality instead of the wind speed u.

Hypothesize that a sample statistic, Z, is the sum of n independent
extreme samples,

n
Z x1	 2+ x + ... + xn -

	 x.	 (A. 10)L.i i
1

The approach is to compute the probability that the sum of n independent
samples from the FTI distribution is less than Z. The characteristic func-
ti n of the FTl distribution isRef. A.2(	 )

00
.

(t) f e itx f (x) dx = r (1 -	 ) e 1µ t 	 (A. 11)
—00

The characteristic function of the sum of n sample values is the nth power
of the population characteristic function (Ref. A.3). If Z can be defined as in
Eq. (A.10) then

00

F1 (Z)	 2 7r f e-itz n(t) dt	 (A.12)
-00

Except for r,. = 2 or 3, the integral in Eq. (A.12) cannot be evaluated in

terms of classical functions. However, the integral can be evaluated numeri-
cally. For the sum of the n samples the density function can be expressed as

A-6
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f(Z) =h(w)
where

W = e - a (Z nµ)	 (A.13)

An appropriate series of substitutions converts the integral in Eq. (x..12)
into a form such that

co
Probability	 xi <Z = 1 _ f h (w) dw	 (A.14)

1	 - o0

whe re;

W	 cos	 v sin 
h (w) = 2 a	 1	 2	 exp	 n P (1, v)	 (A. 14a)

(  
a 

+v 1
12

and,

a µ'nv - a v Inw + n6 (1, v) nv y	 (A. 14b)

v = t 1 (here "i" refers to the imaginary unit) 	 (A. 140

00

8 (1,v) =	 1 T S - arc tan 1+ s
	

(A. 14d)
s=o

00	 2
P ( ' v) =	 In	 1 +	 v 2	 (A. 14e)

s=o	 (1+s)

_ E 

r'

Y	 ule s constant

>x
See. Refs... A,4, A.5 and A.6 for a more detailed treatment of the substitutions
and transforms required in the above development.
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11

It cart be seen that the variable of integration, in Eq. (A.14) is v, where
t = I + iv, The quanity n is the sample size; a and A are extrernal param-
eters estimated from the sample values; and s is a parameter as specified
in Eqs. (A. 14d) and (A. 1 4e). The quantities w and Z are defined in Eq. (A.13)
and Eq. (A.10), respectively. Although complex variables were introduced in
the substitution, it can be shown that the imaginary components of the integral
in Eq. (A.14) for any positive increment of dv will be cancelled b.1 ;Ne corre-
sponding negative increment. Thus, the integral represents a real-valued.
function.

The limits of integration in Eq. (A.,A'4) (say - v m , V m ) must be chosen
such that the contribution to the integral for v <- v m and v > v m are neglible.
These limits can be estimated from the asymptotic expansion of the gamma
function

V1

lire	 11' 0  + iv) l e	 Iv I	 (2 7r)

001v1
(see Ref. A.4).

W
Also,	

r (i + iv) n	 (2 r)	 e f Lv v I n/2

and the limit v > 0-is chosen such that

2 (n- 1)	 (- -1 nv
w(2 7r)	 e 2	 m v (n/2 - 1) < e-"	 (A.15)m

where e is the desired accuracy in the distribution function.

A-8
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11..2.2 Cotnputc v Prog ramam Ou tline

The following is a proposed program outline to compute the probability
distribution discussed above:

1. The programmer will select the numerical integration scheme.
Since the integrand contains the sine and cosine functions, the
integrand will change sign frequently. The step size will in
part be governed by the values of v which make 0 a multiple
of 'r

2. The program will read n, µ, a and Z. The tL and a are param-
eters of the FTI distribution. The quantity n is the number of
samples. The output of the program will be the probability that
the sum of n independent samples, x  +x 21 + ... + xn, from the
Fisher - Tippett Type 1 distribution is less than Z.

3. Compute w= e - a (Z - n µ)

4. Select limits of integration based upon the inequality (A.-15).

5. Select integration step size.

6. Determine end points of integration interval, (vi - 1 , vi) and
select vl in the interval.

7. Compute P(1, vi) and 8 (1, vi) from Eqs. (A.14d) and (A.14e)

8. Compute 0 from Eq. (A. 14b)

9. Compute sine and cosine of

10. Compute

cos
- .	 ^

h (w) = 2 a	 i	
v 
i 

sin
2	 exp - n P (1, vr,

1

2 + Vi
a

A-9
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11. Compute value of integral on the interval (vi _ 1 , vi)

I = I+h(w) - (vi - vi - 1)

or by the integration scheme adopted in step 1.

12. Repeat steps 6 through 11 until upper limit of integration
is reached.

13. Probability = 1 - I

14. Write results.

A.2.3 Comments on Program Development:

1. The value of I for n = 2,	 0, a = 1 can be reached by summing
the series

0oM+2

	

^ 	 2 (-1)2m ^ G + m) ^Z).

	

I L.r	 m'	 m!	 2 + m
M=O

ao

1	 _	 1where, ^(1+m) = -Y+ 1:	 s+1	 1+m+s
s=0

Y = Euler' s constant.

The series in Eq. (A.16) is an application of the Cauchy residue
theorem from complex variable theory. It is the integral of
the sum of the residues in the integral representation of the
density function (Ref. A.?). The numerical integration can
also be checked for n = 3 with a similar but more complicated
series expansion.

2. Since the computation of P and 0 is time consuming, it may be
expedient to compute I for several values of Z at the same time.

(A.16)
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{ A.3 DEVELOPMENT OF THE SAMPLE VARIANCE

If a parent distribution, is denoted dF(x), the simultaneous distribution
of n values x l , x2 0 ... , x  is dF(x l ) dF(x2) .. dF(xn); and if Z is a statistic

L

Z = Z (x 1 , ... , xn) = xi + x2 + ... + xn	 (A.17)

the distribution function of Z is given by , (see Ref. A.3)

F ( Z o) = f . • 
f

.	 d:F (x i )... dF (xn),	 (A.18)

the integration being taken over the domain of the x's such that Z (x 1 , ... , xn)
< Z o . A usual method of determining F ( Z Q ) is to make a transformation to
the variables Z 1 , 6 1 , 82 , . . o f en _ 1 ; so that the limits of integration for the

-	 A. I s are fixed constants. E	 A.18 becomesi	 Equation (	 )

a (x l , ... , xn)
F ( Z o) = f ...	 f (x l ) ... £ (x2) a (Z, @ ,	 , 8	 )1	 n 1

• dZd91... den-1•

A proposed t = ..-isform is
1

.Z2

	

x = in a	 cost 8 cost 6	 cost 61	 1	 2	 n-1

1

-Z2
	x 2 = in a	 cost 

e 1 cost e 2 .	 cost 9n _ 2 sin 2 en _ 1

•.•	 _	 1

2

? .	 - Xi = in e	 cost 9 1 cost e2 . . . cost 8 n 
_ sing 8 n _ + l

A-11,
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1
-Z2	

2x  = Pn a	 sin 0 l

Substitution of the above variables into the equation

F (Z o	
x i

) =f ...	 exp -(e - + e - x2 +... + e_ xn

a

exp	 - (x l +x 2  + ... + xn) Idx d  2 ... d 	 (A.20)
a	 1	 n

1
yields	 2

F (Lo	
-Z

)	 .. , f exp - e	 cost 9 1 cos t 8 2 ... cos 2 an - 1
1	 ^.

Z
+ e 	 Cos2 0 1 Cos 2 e 2 ,... Cos 2 0 n _ 2 sing A n _ 1 + .. .

1

Z
2

+ e 	sing 81
i1

_ Z 2

	

e	 ( Cos 2 0 1 Cos 2 0 2 	 Cos2 0 n -1)

•	 (Cos 2 0 1 Cos 2 0 2 a 0 Cos2 
0n- 2i 	 0n- 1 ) ....

3	
2	 a (x l , ... xn)

(sin 9 l)	 a (z, 9	 e d Z d91 ...-d9 n _ 1'	 )	 (A.2 l1 , ... ,	 n

The last equation simplifies to
1	 ,.

1

-_Z 2	 2F (Zo) _	 ..a	 exp	 e	 nZ

f	 A-12'
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(cos t 0 Cos 2 0 2	 Cos2 0n -
1

(Cos	 0 cos	 0	 Cos	 0	 sin	 0
2,	 n - 2	 n- 1)

•	 sin	 0
(X l p 	 1 xn)	 dZ d O lt to a de	 (A.22)

I 7(z, 6	 0	 -
n

n

The Jacobian of transform (A. 19) is given by

(X I	 p xn
a (Z ' 0 1 , 	 0 - 1)n

Z 2which is equal to times the determinant

171

I I	 I I

2 tan 0 2 tan 0 1	 2 tan 0 1 -2 tan O,

2 tan 0 2 2 tan 0 2	 2 tan 0 2 0

2 tan 0 n-2 2 tan 0 n - 2	 2 tan 0 n - 0

2 tan 0 n-1 2 tan 0	 0n - 2
0

It is conjectured that the integral in Eq. (A.22) can be reduced to the form

Z 0	 Z 2	 1

F ( Z K exp	 e	 n Z	 z
f

dZ	 (A.23)0 f4l

0

A-13'
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The preceding integration can be performed by n applications of the standard
formula for integration by parts. The sample variance about the mean can
be computed by the standard formulas.

I

	

	 A formal procedure for developing another sample statistic, the coeffi-
cient of variation, is given in Ref, A..3. The procedure depends on the sample

4	
variance whose distribution function was developed in the preceding discussion.
It will also involve an integral of the type used for computing the distribution
of the sample mean.

1

:' Al

I

F

I

S

S

. 7(
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Appendix B
TABLES AND FIGURES

Table	 Page
1	 Univariate Fisher-Tippett Parameters	 B-1
2 Fisher-Tippett Parameters for Bivariate Variables

(Annual Reference Period) 	 B-4
3 Bivariate Parameters	 B-5
4 Power-Law Parameters	 B-7
5 Peak Wind Profile Parameters	 B-8
6 Extremal Parameters for Hourly Peak Winds (152.4-meter level) B-10
7 Extremal Parameters for Hourly Peak Winds (18.3-meter level.) B-11
8 Extremal Parameters for Ten-Minute Peak Winds (152.4

meter level)	 B- 12
Figure

1 Data Fit of 1 Day Peak Winds in Summer at 18.3 B-13
2 Data Fit of 30 Day Peak Winds All Year at 152.4 Meters B-14
3 Cumulative Distributions in Winter at 3.0 Meters B-15
4 Distributions in Spring at 3.0 Meters B -16
5 Cumulative Distributions in Summer at 3.0 Meters B-17
6 Cumulative Distributions in Fall at 3.0 Meters B-18
7 Cumulative Distributions for the Year at 3.0 Meters B-19
8 Cumulative Distributions in Winter at 18.3 Meters (Small Tower) B-20
9 Cumulative Distributions in Spring at -18.3 Meters (Small Tower) B-21

10 Cumulative Distributions in Summer at 18.3 Meters (Small
Tower) B-22

11 Cumulative Distributions in Fall at 18.3 Met-ers (Small Tower) B-23
12 Cumulative Distributions for the Year at 18.3 Meters (Small

Tower) B-24
1,3 Cumulative Distributions in Winter at 18.3 Meters (Large Tower) B-25
14 Cumulative Distributions in Spring at 18.3 Meters (Large Tower) B -26
15 Cumulative Distributions in Summer at 18.3 Meters (Large

Tower)	 B-27
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1

Figure Page
16 Cumulative Distributions in Fall at 18.3 Meters (Large Tower) B-28
17 Cumulative Distributions for the Year at 18.3 Meters (Large

Tower) B_29
18 Cumulative Distributions in Winter at 30.5 Meters B-30
19 Cumulative Distributions in Spring at, 30.5 Meters 13-31
20 Cumulative Distributions in Summer at 30.5 Meters 13-32
21 Cumulative Distributions in Fall at 30.5 Meters 13-33
22 Cumulative Distributions for the Year at 30.5 Meters B-34
23 Cumulative Distributions in Winter at 61.0 Meters B-35
24 Cumulative Distributions in Spring at 61.0 Meters B-36
25 Cumulative Distributions in Summer at 61.0 Meters. B-37
26 Cumulative Distributions in Fall at 61.0 Meters B-38
27 Cumulative Distributions for the Year at 61.0 Meters B-39
28 Cumulative. ;Distributions in Winter at 91.4 Meters B-40
29 Cumulative Distributions in Spring at 91.4 Meters B-41
30 Cumulative. Distributions in Summer at 91.4 Meters B-42
31 Cumulative Distributions in Fall at 91.4 Meters B-43
32 Cumulative Distributions for the Year at 91.4 Meters B-44
33 Cumulative Distributions in Winter at 121.9 Meters B-45
34 Cumulative Distributions in Spring at 121.9 Meters B-46
35 Cumulative Distributions in Surnmer at 121.9 Meters B-47
36 Cumulative Distributions in Fall at 121.9 Meters B-48
37 Cumulative Distributions for the Year at 121.9 Meters B-49
38 Cumulative Distributions in Winter at 152.4 Meters B-50
39 Cumulative Distributions in Spring at 152.4 Meters B-51
40 Cumulative Distributions in Summer at 152.4 Meters B-52
41 Cumulative Distributions in Fall at 152.4 Meters B-53
42 Cumulative Distributions for the Year at 152.4 Meters B-54
43 Data Fit for the Second Bivariate Variable over 15 Days

Exposure Period at 61.0 Meters B-55
44 Data Fit for the Second Bivariate Variable over 1 Dale

Exposure Period at 1.8.3 Meters (Small. Tower) B-56
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Figure Fage

45a Wind Profile Parameter, c B-57

45b Wind Profile Parameter, v B-58

45c Wind Profile Parameter, p B -59
J: 46 Wind Profile Cumulative Distributions for Winter, Hours

1800 - 0200 EST B-61
47 Wind Profile Cumulative Distributions for Sumner, Hours

0000 - 0200 EST B - 62
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Appendix B

Listed below are definitions of varioub legends which appear on some of
the tables and figures presented in this appendix.

Seasons

Season 1 - December, January, February, March (Winter)
n Season 2 - April, May (Spring)

Season 3 - June, July, August, September (Summer)
t Season 4 - October, November (Fall)

Hour Groups (Glass Intervals)

Hour Group 1: 0000-0200 EST
Hour Group 2: 0300-0500 EST

U ' Hour Group 3: 0600-0800 EST

i Hour Group 4: 0900-1100 EST
w Hour Group 5:	 1200-1400 EST

Hour Group 6:	 1500-1700 EST
Hour Group 7:	 1800-2000 EST
Hour Group 8: 2100-2300 EST

l
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Appendix B

Listed below are definitions of variouL legends which appear on some of

the tables and figures presented in this appendix.

Seasons

Season 1 - December, January, February, March (Winter)

Season 2 - April, May (Spring)

Season 3 - June, July, August, September (Summer)

Season 4 - October, November (Fall)

Hour Groups (Class Intervals)

1

Hour Group 1:

Hour Group 2:

Hour Group 3:

Hour Group 4:

Hour Group 5:

Hour Group 6:

Hour Group 7:

Hour Group 8:

0000-0200 EST

0300-0500 EST

0600-0800 EST

0900-1100 EST

1200-1400 EST

1500-1700 EST

1800-2000 EST

2100-2300 EST

Biv
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Table 3
BIVARIATE PARAMETERS

C

I

C

(Continued)

A = Estimate

S. D. = Standard Deviation

+ No Data Available

't
B-5

LOCKHEED HUNTSVILLE RESEARCH & ENGINEERING CENTER

Days
Level

(m) Parameters 1 5 10 15 30 60

.56969 .36294 .43289 .41158 .43683 +

3.0 S. D. * of b .03319 .06428 .10020 .11962 .16898 +
A

l/b = m 1.75534 2.75528 2.31006 2.42966 2.28922 +

m (difference) 2.10511 2.35289 2.38506 2.20417 1.68561 1.55911

b .44632 .36450 .34117 .35626 .48122 .82993

18.3 S. D. of b .02970 .06097 .08439 .10539 .16758 .28567
(Small ^l/b = m 2.24054 2.74348 2.93109 2.80694 2.07805 1.20492
Tower)

A (difference) 2.53885 2.68170 2.71930 2.54904 2.05584 1.69033

A
.42578 .34117 .35469 .52044 .74680 .99999

18.3
A

S. D. of b .02904 .05967 .08735 .12164 .19611 .30042

(.Large
A

l/b = m 2.34863 2.93109 2.81936 1.92145 1.33905 1.00001
Tower) m (difference) 2.53189 2.74505 2.66802 2.42463 1.86083 1.79496

A
.39285 .34117 .36681 .50083 .53854 .61401

A
30.5 S. D. of b .02823 .05967 .08671 .11777 .17057 .25145

l/b = m 2.54550 2.93-109 2.72621 1.99669 1.85687 1.62864

A (difference) 2.86603 2.99636 2.83738 2.59808 2.05660 1.89005

A
.25586 .26440 .30120 .24418 .08596 .33689

61.0 S. D. of b .02446 .05547 .08205 .09177 .08346 .21274

low-
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Table 3 - (Continued)

Days
Level

(m) Parameters 1 5 10 15 30 60

61.0 1/b = m 3.90839 3.78215 3.32005 4.09534 11.63332 2.96833

A (difference) 3.66767 3.84697 3.78167 3.52995 3.26068 3.25222

b .17722 .18587 .23795 .27857 .08596 .17060

91.4 S. D. of b .02053 .04663 .07317 .09584 .08346 .16096

1/b = m 5.64270 5.38010 4.20256 3.58976 11.63332 5.86166
m(difference) 4.63840 4.84765 4.70826 4.68941 3.91131 4.45607

A
.13190 .15551 .14252 .25946 + .18587

121.9 S. D. of b .01839 .04446 .06071 ,09702 + .17446
A

1/b = m 7.58150 6.43045 7.01656 3.85416 + 5.38010

A (difference) 6.75227 6.55409 6.63867 7.67962 6.78042 5.56431

A = Estimate

S. D. =Standard Deviation



Seasons

1 2 3 4HR Group

P -.21462 -.21406 -.16695 .05858
1	 c .43701 .43701 .35409 .21158

o .26566 .07989 .14986 .06116

p .11185 -.36407 .03017 .22149
2	 E .21659 .64234 .24597 .15327

cr .13806 .15223 .10604 .03804

p .15735 .00236 .05304 -.04912
3	 E" .15663 .19020 .15447 .25423

a 011924 .09164 .10686 .08622

p -.15599 .64863 .44611 .37386
4	 E .09463 .01172 .02425 .02434

a .20820 .01472 .02802 .02128

p .66795 -.22159 -.11499 .12271
5	 F .00920 .07826 .06279 .02840

a .01312 .07669 .10824 .02268

p .30195 -.37912 -.15348 .72094
6	 F .03857 .09798 .07583 .01471

a .04290 .13380 .11513 .01240

p -.09675 -.32209 -.26251 -.09029
7	 c .24682 .27933 .22946 .23852

.14055 .14976 .21505 .08621

p .04346 -.19451 -.11263 .13888
8	 c .23350 .36757 .26270 .16746

a .12614 .12106 .15159 .04144

LMSC/HREC D162482

Table 4

1
	 POWER-LAW PARAMETERS
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I	 Table 5
PEAK WIND PROFILE PARAMETERS

3'f
p -z

a
St

Seasons
r.t

1 2 3 4
y y y yHR Group 1

.1156 17.4977 .1982 16.6153 .1970 12.0225 .1271 14.7881Oa

la .1413 16.5633 .2057 16.1509 .2199 11.3656 .1383 14.3608

2a .1495 16.3734 .2075 16.0332 .2276 11.2726 .1410 14.2542

3 Q .1502 16.3338 .2077 16.0203 .2283 11.2548 .1413 14.2413

HR Group 2

Oa ".0909 15.6637* .1842 14.8119 .1770 10.8550 .1297 14.8598

la .1361 16.3170* .1914 14.2182 .2097 10.5237 .1441 14.6007

2a .1496 16.3745 .1938 14.1035 .2184 10.4447 .1475 14.5276

3a .1507 16.3519 .1940 14.0872 .2193 10.4321 .1478 14.5175

HR Group 3

Oa .0898 15.3327 ry .1575 14.2544 .1797 8.2004 .1383 15.6891

la .1325 16.0953 .1770 13.6590 .2140 8.1154 .1501 15.1069

2a .1445 16.1435 .1827 13.5638 .2230 8.0829 .1531 14.9676

3a .1454 1 6. 11 7 8 .1832 13.5482 .2238 8.0751 .1534 14.9503

HR Group 4

Oa .1151 17.4992 .1401 14.3857 .1847 13.4352 .1602 16.3330

la .1408 16.6299 .1626 14.4909 .2147 13.2431 .1740 16.0187

2a .1487 16.4549 .1674 14.4740 .2229 13.2461 .1773 15.9545

3a .1493 16.4148 .1678 14.4670 .2235 13.2377 .1776 15.9447

(Continued)



Seasons

1 2 3 4

HR Group 5 Y (^ r

Oa .1105 16.3016 .2064 18.1298 .1927 15.8762 .1661 16.8306

la .1272 16.3683 .2141 17.5751 .2139 15.1458 .1713 16.5326

2 a .13019 16.3678 .2160 17.4420 .2204 15.0154 .1726 16.4634

3a .1312 16.3605 .2162 17.4277 .2209 14 .9949 .1727 16.4548

HR Group 6

0 v .1222 15.8042 .2000 16.3750 .1768 14.6395 .1319 14.5622

l a .1.432 15.6559 .2076 15.7243 .1932 13.9872 .1593 15.0120

2 a .1483 15.6035 .2095 15.5626 .1974 13.8311 .1651 15.0454

3a .1487 15.5899 .209 -7 15.5423 .1978 13.8118 .1656 15.0411

HR Group 7

Oa .130:8 17.1791 .1879 15.4179 .1771 12.4247 .1494 15.2955

l a .1506 16.3800 .1984 14.7104 .2031 11.6861 .1596 14.7055

2 a .1562 16. 2137 .2011 14.5375 .2110 11.5222 .1625 14.5910

3a .1567 16.1878 .2019 14.5443 .2117 11.4968 .1627 14.5741

HR Group 8

O a .1194 17.2464 .1510 15.6843 .1804 12.1118 .1402 15.5036

la .1532 16.6485 .1609 15.0024 .2119 11.5841 .1517 15.1376

2 a .1638 16.5891 .1635 14.8436 .2210 11.4734 .1544 15.0426

3a .1646 16.5645 .1640 14.8413 .2217 11.4524 .1546 15.0315

r,..*.

i

LMSC/HREC D; 62,9:82
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Table 5 (Continued)
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1
1
1
1
i
1
1

1

1
i
1

Table 5 (Continued)

Seasons

1 2 3 4

HR Group 5 a Y a Y a ) 3

0 v . 1 105 16.3016 .2064 18.1298 .1927 15.8762 .1661 16.8306

1 v .1272 16.3683 .2141 17.5751 .2139 15.1458 .1713 16.5326

2 Q .1309 16.3678 .2160 17.4420 .2204 15.0154 .1726 16.4634

3a .131Z 16.3605 .2162 17.4277 .2209 14.9949 .1727 16.4548

HR Group 6

0 u .1222 15.8042 .2000 16.3750 .1768 14.6395 .1319 14.5622
1 Q .1432 15.6559 .2076 15.7243 .1932 113.9872 .1593 15.0120
2 Q .1483 15.6035 .2095 15.5626 .1974 13.8311 .1651 15.0454
3 Q .1487 15.5899 .2097 15.5423 .1978 13.8118 .1656 1 5.041 1

HR Group 7

Oa .1308 17.1791 .1879 15.4179 .1771 12.4247 .1494 15.2955
1 Q .1506 16.3800 .1984 14.7104 .2031 11.6861 .1596 14.7055
2 Q .1562 16.2137 Z011 14.5375 .2110 11.5222 .1625 14.5910

3a .1567 16.1878 .2019 14.5443 .21 1 7 11.4968 .1627 14.5741

HR Group 8

0 u .1194 17.2464 .1510 1 5.6843 .1804 12.1 1 18 .1402 1 5.503 6

1 Q .1532 16.6485 .1609 15.0024 .2119 11.5841 .1517 15.1376
2 Q .1638 16.5891 1635 14.8436 .2210 11.4734 .1544 15.0426
3a .1646 16.5645 I . 1640 14.8413 .2217 11.4524 .1546 1 5.031 5
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