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3) Court's technique and Simiu's technique bei* employ Type

I distributions for description of the (4 wind speed
database, which provides the optimum fit at most weather
stations and is considered reasonable to assume an
appropriate method.

D. METHODOLOGY

1)

2)

3)

4)

This calculation employs extreme value statistical
methods to estimate the maximum wind speeds at CNS based
on the existing site-specific database. The calculation
first follows the extreme value statistical methods
developed by Arnold Court and Simiu.

Data at the 10-meter elevation will be used frr most of
the calculations and are considered the reference basis.
Missing data at the 10-meter elevation was completed by
using data at other elevations and correcting
{transpositioning) to the l10-meter elevation. The 10~
meter data was conservatively used to determine the
probability of occurrence of winds at the 30 meter
elevation without transpositioning the data to the 30~
meter elevation.

Simiu's technique for predicting extreme values of wind
was used as a second check for the Court Method with
similar results.

In order to verify that the Type I distribution is
appropriate for characterization of the CNS wind speed
database, the probability plot correlation cocefficient
(PPCC) method has made used to determine the best fitting
distribution. This evaluation indicates that the Type I
distribution is correct.

E. CONCLUSIONS

1)

2)

Court's method resulted in a probability of 6.7803E-8
/yr, which places CNS in ESW Group 1.

Court's method resulted in a hy of 1.012E~3/yr, which
places CNS in SW Group 2.
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REVIEWER'S STATIMENT

This calculation was roviewed in detail and was found to be complete and

accurate. The conclusions were found to reasonable and justified. Major

portions of the review consisted of the following:

1. References were reviewed for proper citation. Referenced equations were

reviewed and found to bhe correct regarding their appropriate use and

accuracy of transposition into this document.

2. The methocdology and assunmpticns were reviewed and found to be both

reasonable, appropriately implemented, and conservative. All numeric

calculations were verified. Specifically, the following items are noted:

- All QIS weather data base nmonthly extreme wind speed values listed in

Table 1 were cross-checked against the original QNS documentation and no

errors were found. Editing of the data base followed appropriate

methodology and the calculations were correct. The mean and standard

deviation of the set of nonthly extreme wind speed values were

independently calculated and found to be correct.

- References in this calculation to Court's technique for extreme wind

values (documentation in Attachment 1) were reviewed. The criteria for

the use of Court's technique for extreme wind values were met, and the

mmerical calculations were found to be correct. Tne conclusions

regarding the NS station blackout weather groups were deemed to be

accurate.
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REVIEWER’ES STATEMENT

- _The use of NSSFC tornado data was considered to be consistent with NRC

methodology in NUREG-1032, and appropriately used in this calculation.
= References in this calculation to Simiu's technique for extreme wind

—values (documentation in Attachment 2) were reviewed. The criteria for

the use of Simiu's technigue for predicting extreme wind values were met,

and the resulting mnumerical calculations and conclusions regarding the

NS station blackout weather croups were found to be correct.

-~ The PPCC methodology documented in Attachment 5 was reviewed and

considered amiatelx amliad in this calculation, demonstrating that
the ONS data is fitted by a type I distribution.

- 'The evaluation determining the level of confidence in the CNS ESW and SW

weather group categories is appropriate.

- The reviewer agrees with the conclusion that the (NS minimum allowable

EDG target reliability is 0.950.
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OBJECTIVE

The purpose of this calculation is to evaluate the Cooper Nuclear
Station (CNS) site-specific weather database and estimate the
extreme wind values for various return periods. The results will
be used to evaluate the CNS weather groupings for determination of
the requisite emergency diesel generator (EDG) reliability,
according to the criteria of NUMARC 87-00, RG 1.155 and the Station
Blackout (SBO) Rule, 10CFRS0.63.

This calculation supersedes calculation NPP1-SBO-005, since more

rigorous techniques will be used to estimate the extreme wind
values.
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Using CNS data and methods of extreme value statistics, the weather
data groupings, the OSP design characteristic and the target EDG
reliability will be developed in this calculation to meet the above
commitment.
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3.0 CNS WIND SPEED DATABASE

The CNS wind speed database used in this calculation spans a 16-
year time period from 1975-1990. These data are provided in
Attachment 3.

For each month, the diily average wind speed and the maximum hourly
average are recorded for various elevations above the ground. The
maximum hourly average wind speed is the parameter of interest
here. This represents the maximum recorded hourly average wind
speed for the entire month. For a 30-day month, this value is the
maximum of 30x24 or 720 recordings. Hence, each monthly maximum is

an extreme wind speed value which is based on a large number of
observations.

Data at the 1l0-meter elevation will be used for most of the
calculations herein and are considered the reference basis.
Transposition of the data to other elevations will be performed as
required, although the data at the l10-meter and 35-feet elevations

will be used interchangeably without correction. As used h:rein,
this is conservative.

Using the data in Attachment 3, the yearly maximum hourly average
wind speeds for CNS are summarized in Table 1. The maximum for the
l6~year time period is 40.1 mph.

3.1 Correction of Wind Speed Data to Othe. Elevations

It is possible to use wind speed data recorded at one elevation to
determine the wind speed at another elevation. The procedure for
doing so is explained in Attachment 4, which has been extracted
from Reference 7. Repeating Eqn. 2.4.1 of Att. 4,

In (z2/2y)
(1) UY(z) - ——— U(10), where
in (10/2z,)
2z = height above ground (meters),
2, = roughness length (meters), and

U = wind speed; U(z) and U(10) to be expressed in
the same units.
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Note that ‘10’ meters could be replaced by another elevation since
it is merely a reference point.

3.2 Editing of Database

The CNS weather database used herein spans 1975 to 1990. Hence,

there are 16 x 12, or 192 monthly extreme values of wind speed in
this database.

From the tables in Attachment 3, it can be seen that data were not
recorded at the 10-meter elevation for September 1979, nor for
February, March and April of 1984. However, the dataset can be

completed using the recordings at other elevations along with
Equaticon (1).

Using Att. 3 for September of 1979, at 318 ft. (96.93 meters), Umax
= 32.7 mph. From Equation (1),

in (10/2)
U(10) = e * U(z)
In (z/2,)

Let 2z = 96.93 meters. Choose 2, = 0.05 for the roughness length in
open terrain, with confidence that the answer will be correct

within 1 or 2%. (See Attachment 4). Then, the 10.67 meter (35
ft.) wind speed is

In(10.67/0.05)
U(10) = U(10.67) = * 32.7 mph = 23.2 mph
ln(96.93/0.05)

Using a similar procedure for 1984, with z = 100 meters froa Att.
3, yields the other data points:

U(100) U(10)
February 1984 46.0 mph 32.1 mph
March 1984 38.0 26.5 mph

April 1984 40.0 27.9 mph

& f
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4.0 P ’ -

In Sections 2.1 through 2.6 cf Attachment 1, Arnold Court reviews
the theory of extreme values. Court notes that both the sample
size, N, and the number of ohservations, n, should be large for the
methods to be applicable. For the CNS weather database, N = 192,
and n = 672 to 744, depending on the month being recorded. Hence,
according to the criteria given on pages 61 and 62 of Attachment 1,
enough wind speed data exist to enable meaningful application of
the theory of extreme values.

In Section 2.10 of Attachment 1, an application of the extreme
value theory dealing with wind speeds is provided. Following the
procedure on ‘Worksheet 2’, page 73 of Attachment 1, and using
Court’s nomenclature, the expected values of extreme wind will be
calculated for CNS.

As noted above, N = 192, From Table 2,

= 24.171354 mph (the mean of the extremes)
- = 5.314246 (the standard deviation).

u X

and

Linearly interpolating in Table III (p.65) for N = 192 yields

Vy = 0.5668 (the reduced mean), and

7T, = 1.23428 (the standard deviation of the theoretical variate).

Continuing according to Worksheet 2,
s!
1/a = — = 4.30554 and yy - 1/a = 2.44038
Tn

The theoretical mode of the sample, u, is

A — o
xsyu=x-(y,*1/a) = 21.73 mph
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From equation 2.24 of Attachment 1, for large return periods,
(10) T, = exp [yy *+ (x = X) (TWw/S))

Let x = 103.5 mph as developed above. Using the parameters
developed on sheet .3 in egn. (10) above yields

T, = 1.7698E8 months = 1,4749E7 years
from which
p = 1/T, = 6.7803E - 8 yr'.

From Table 3-1 of NUMARC 87-00, noting that p << e < 3.3E-4,
Court’s method indicates that CNS is in ESW Group 1.

4.2 Severe Weather (SW) Group

Section 3.2.1, Part 1C of NUMARC 87-00 outlines the method to
determine the estimated frequency ’'f’ of loss-of-offsite power due
to severe weather, i.e.

(11) £ = (1.3 * 10%) * h, + b * h, + (1.2 * 10%) * h, + ¢ * h,,

where, for Cooper Nuclear Station,

h, = 30 inches (Annual snowfall for CNS, from Table 3-3
of NUMARC 87-00
b = 12.5 (CNS has multiple rights-of-way)
h, = 0.0002357 (Tornadoes of ’'F2’ severity, or greater,
see Attachment 6 herein and Section 4.3
oelow)
and c = 0. (CNS has no vulnerability to salt spray)

In the CNS site-specific weather data evaluation, we seek to
determine h,. As defined in NUMARC 87-00, h, is the annual
exrectation of storms for the site with wind velocities between 75
and 124 mph.
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To evaluate h,, select 75 mph as the cutoff. This is conservative,
since storms with higher wind speeds are less frequent. It is
further conservative to consider the 75 mph wind speed as occurring
at 30 meters.

Using the logarithmic law as before and transposing to 10 meters,

U(10) = 0.82826 * U(30) = 0.82826 * 75 mph
= 62.12 mph

Let x = 62.12 mph. Substitution as before in equation (10) yields

- = 1.1857E4 months = 9.8811E2 years,
from which

p = 1.012 E-3 yr' = h,
Substitution into «juation (11) gives

f = (1.3E-4) * 30 + 12,5 * 0.0002357 + 0.012 * 1.012E~-3
= 6.858E~-3 = 0.00686

From Table 3-4 of NUMARC 87-00, Court’s method indicates that CNS
ig in SW Group 2.

4.3 CNS Torpado Data

To procure CNS site specific tornado data, the National Severe
Storm Forecast Center (NSSFC) was contacted. The NSSFC has
provided a computer output listing from Program TORPLOT, which
summarizes all reported tornado activity in the site vicinity from
1950 through 1988. The subject computer output is presented in
Attachment 6. The ‘TORPLOT’ evaluation area is a 2-degree sguare
centered at CNS, i.e. at Brownville, Nebraska. The output lists
data and time of storm occurrence, storm damage class, storm path
length and width of touchdown, and other interesting information.
'TORPLOT’ wind speed data are instantaneous, ground level winds.
The instantaneous wind speed is assumed to apply over the entire
evaluation gquadrant. To assist in the interpretation of the
'TORPLOT’ output, a tornado damage class scale is provided in Table
5. An excerpt from the ’‘TORPLOT’ output is shown in Table 6.



r
i

‘
fFre

Crixing 1in the

5 med to ap

[~ ™~ = F s
ASE allec

Reference 9 describes the methods used
~-of~-offs power relationships. T

nsistent with the
apply nl

il A

formly

ased on the avallable data. From

quency of tornadoes of severity Fo r greater
vicin) the site 1s obtained. This frequelicy
ply a in the site e. the tornado 1s
L The or transformers 1f 1t strikes at

. . - = 1i1y:md -~ e - - 19
ve evaiuatlion criceriaen Of Ld




SHEET <@

JOB NO. NP=119 DATE__1/7/92
PROJECT_CNS STATION BLACKOUT

SUBJECT _SITE-SPECIFIC WEATHER EVALUATION
CLIENT g ORIG INATOR_LHQLQQM
-

REVIEWER __ APFROVED
CALCULATION NO._NPP1-SBO=-009

5.0 SIMIU’s TECHNIQUE for ESTIMATING MAXIMUM WIND SPEED

In Reference 6, Simiu discusses a technigue for predicting extreme
values of wind. Excerpts from Reference 6 are provided in
Attachment 2. Repeating equation Al1.74 of Ref. 6, and using
Simiu’s notation,

(12) 6 (p) = X + s(y-0.5772) V 6/ m,

where X and s are the mean value and standard deviation,
respectively, of the sample of the extreme wind values, y is the
reduced variate, and §,(p) is the estimated extreme value of wind
for a given probability of nonoccurrence ’p’. The mean and
standard deviation of the wind speed database have been calculated
according to equations Al1.72 and Al.73 of Attachment 2 and are
listed in Table 2.

Choose a 100-year return period for comparison to the results in
Section 4. Using the set cof monthly extremes, N = 12 * 100 = 1200,
and y = - 1ln [=1ln(1~1/N)] = 7.08%966. Using equation (12) and the
monthly mean and standard deviation from Table 2 gives

& (p) = 24.17 + 5.314 (7.08966 - 0.5772) V 6/ =
= 51.15 mph

This ~ompares reasonably well with the 100~-year extreme of 47.8 mph
calculated in Section 4, with Simiu’s technigue yielding a more
conservative value by 7% compared to Court’s method.
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where ‘v’ is the wind speed. This distribution is similar to those
veed previously in this calculation., It yields a 100-yr extreme
wind estimate of v, = 50.58 mph for CNS, which is very close to the
value yielded by Siniu’s method in Section 5.

The extreme wind values predicted by the PPCC method are listed in
Table 4 for various return pc¢riods. Since the cuaputations were
made using the CNF monthly extrsemes, the return periods in Table 4
are also in months.

Two extreme wind values are of interest. As before, 103.5 mph and
62.12 mph are used to determine the ESW and SW categories,
respectively. Intepolating in Table 4 for v = 62.12 mph gives a
return period of about 26,499 months, or 2208.27 years.

Taking the reciprocal of this number yields h, = 4,.528E-04 for
determination of the SW Group. Using eguation (11) as before, with
this value of h, yields

f = 6,852E~3 = 0,00685,

again with the result from NUMARC 87~00 Table 3~4 that CNS is in §HW
Group 2

Regarding the ESW category, an extreme wind value of 103.5 is not
listed in Table 4. However, using the much more conservative
maxiwum tabulated value of 78.20 mph yields a return period of
1,000,000 months, or 83335.3 years, i.e.

N »> 83333.3 years
f << 1.200 E~5 yr' << 3.3E~4 yr'.

Hence, from NUMARC 87-00 Table 3-1, the PPCC method also indicates
that CNS is in ESW Group 1.
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EXTREME VALUE ANALYSIS NPl = SBP-c0f

TABLE »

THE SAMPLE SIZE N = 192 T (¥
THE SAMPLE MEAN «  24.1713638
THE SAMPLE STANDARD DEVIATION =  5.3281384
THE SAMPLE MINIMUM = 58000002
THE SAMPLE MAXIMUM «  40.0999985
EXTREME VALUVE PROBABILITY PLOT LOCATION SCALE TAIL LENGTH
TYPE 2 TAIL LENGTH CORRELATION ESTIMATE ESTIMATE MEASURE
PARAMETER (GAMMA) COEFFICIENT
1.00 0.45931 23.5311928 0.1077400  10.18011
2.00 0.73942 20.3295918 2.2544682 3.39672
.00 0.83864 16.1745930 5.9701371 2.47043
4,00 0.88058 11.9588499 100186853  2.14609
5.00 0.90250 7.7709918 14.1328731 1.98712
6.00 0.91567 3.6100259 18.2566051 1.89429
7.00 0.92437 -0.5315249 22.3780956 1.83394
8.00 0.93051 -4.6594353 26.4944649 1.79175
9.00 0.93505 -8.7775307 30.6056957 1.76069
10.00 0.93855 <12.8884935 34,7124748 1.73691
11.00 0.94131 -16.9941120 38.8155136 1.71814
12.00 0.94355 -21.0955887 429154510 1.70297
13.00 0.94540 251938152 47.0127869 1.69045
14.00 0.94695 -29.2894363 51.1079865 1.67996
15.00 0.94827 <33.3830185 55.2014046 1.67103
16.00 0.94940 -37.4748650 59.2932854 1.66335
17.00 0.95039 -41.5653076 63.3838997 165667
18.00 0.95126 -45.6545525 67.4733887 1.65082
19.00 0.95203 -49,7427826 71.5€19278 164564
20.00 0.95271 -53.8202345 75.6496887 1.64102
21.00 0.95333 -57.9168510 79.7367096 1.63689
22. 0.95388 -62.0028419 83.8230667 1.63316
23.00 0.95438 660882111 87.9088593 1.62979
24.00 0.95483 -70.1732254 91.9942093 1.62672
25.00 0.95525 -74,2578201 96.0791473 1.62391
30.00 0.95689 -94.6753159  116.4984510  1.61287
15.00 0.95803 ~115.0871120 1369117740  1.60516
40.00 0.95887 -135.4954830  157.3213200  1.59947
45.00 0.95952 -155.9011690  177.7281490  1.59510
$0.00 96003 <176.3053890  198.1331790  1.59164
60.00 v.96079 -217.1099550 2389392700  1.58651
70.00 0.96133 -257.9118960  279.7422490  1.58289
80.00 0.96173 -298.7120360  320.5431520  1.58019
90.00 0.96204 -339.5108340  361.3425600  1.57811
100.00 0.96228 -380.3088380  402.1412960  1.57645
150.00 0.96301 -584.2916260  606.1256100  1.57182
200.00 0.96337 ~788.2689820  810.1040650  1.56908
250.00 0.96359 -992.2446290 10140803200  1.56763
150.00 0.96384 -1400.1929900  1422.0296600  1.56666
500,00 0.96402 -2012.1134000  2033.9495800  1.56546
750.00 0.96416 -3031.9772900  3053.8134800  1.56377
1000,00 0.96423 -405)1.8378900  4073.6762700  1.56330
INFINITY 0.96444 MAX  21.8378620 40794487  1.56187



RETURN PERIOD
[IN MONTHE)
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30
40
5.0
6.0

7.0
8.0
9.0
10.0
20.0

30.0
40.0
50.0

70.0
80.0

100.0
192.0
200.0
300.0
400.0
500.0

700.0
800.0

1000.0
’ 2000.0
| 3000.0
\ 4000.0
| 5000.0

7000.0
8000.0

9000.0
10000.0
50000.0
100000.0
500000.0

1000000.0

PREDICTED EXTREME WIND

BASED ON

EXTREME VALUE TYPE |

DISTRIBUTION

2333
25.52
2692
2796
28.78

2947
30.05
30.56
31.02
33.95

35.64
36.83
37.76
3851
39.14
319.69
40.17
40.60
4327
43.44
45.10
46.27
47.19
47.93
4t 56

49.10
45.59
50.02
52.84
54.50
55.67
56.58
§7.33
57.96
58.50

58.98
59.41
65.98
68.80
75.37

7820 ~7%

TABLE 4
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Scale

WL - O

F(wind speed - mph)

Less than 40

40-72
73112
113157
158-206
207-260
261-318

SHEET _JF

JOB NO. NP-119 DATE_ 1/7/92
PROJECT_CNS STATION BLACKOUT
SUBJECT SITE-SPECIFIC WEATHER EVALUATION
cuzm__ngn__oammamn_um”‘

REVIEWER APPROVED
CALCULATION NO. NPP1-SBO-009

Table 5

Tornado Damage Scale

Damage
(little or
no damnage)

Laght
Moderate
Considerable

Incredible

P) (mules)
Less than .3

0.3-10
1.0-3.1
3299
10-31
3299
100-315

Pw (width)
Less than 6

617 yds
18-55 wds
56-175 yds
176-556 vds
0.30.9 m
1.0-3.1 nu
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Court’s Extreme Value Technique
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fields of science, especinily in geophymics. Until the 19308, the physical

sciences generally used only the rudimentary methods of statistics, pre-

ferring, for example, the Caussian probable error to the analytically

stronger and more versatile standard error (or deviation) Statistical
45
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theorems snd methods developed in the preceding half-century were
employed much more in the biological and social sciences than in the
physical.

In the last few decades, however, the physical saences have adopted
s more modern stutistical outlook. Geophysics in particular has made
rapid strides in adopting statistical practices, and many techniques have
been developed for the special requirements of its varous component
sciences Some of these techniques are described in detuil in this article,
in order to acquai‘it a large circle of geophysicists with thew potent ulities.

A preliminary discussion of some fundamental nspecis of statistics
which often are overlooked in geophysical apphications, und an explana-
tion of a rediscovered simple method of estimating two norsal compo
pents from a bimodal distribution are given in this section.  The article
is largely devoted, in Section 2, to a discussion of the hkclihood of oecur-
rence (return period) of extreme values, and the most yecont picthod for
estimating them, the theory of extreme values The hinad section men-
tions bricfly an even newer development, the statebees of ctresidar vans-
bies, still in the descriptive stage.

Applications, interpretation, and hmitations of the technigues, rather
than underlying theory and proof, are stressed. The only staustical
tmk@epmmddthembthtdnﬁmtwmm statistics:
least squares computations, charactenstics of the normal dutnbution,
and simple correlation.

Symbols and notation used in this article are listed at the end of this
article. Most of the symbols are those used in the various original
papers, but some of the notation is novei, since statistics has developed so
rapidly that its notation and symbolism have not yet been fully stand-
ardised. In recent years, the overbar (£} hes Leen accepted to designate
th-un;inthhmkh.in.d&ti-.tbetﬂde(z)dematutl-emedm
and the circumflex () the mode. Grave and acute accents (i and i)
indicate the largest and smallest values, respectively.

The classical statistical methods of geophysics have been presented
nmtlyinmdeuilby(}omdndhﬂaklll. Some more modern
statistical concepts, however, are not included there, and may be over-
looked by geophysicists.  In the following paregraphs certam aspects are
wwm»ymdemmm&emhummdmthﬁam
geophysics.

1.2 Methods

Statistienl methods are of two general cstegories. descriplve and
analytical MWhhw-deMyvﬁei.
hﬁowd-dl‘pheo.b-udyem“nduudwﬁpm
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Descriptive methods are those which compress many hgures nio a
few to vepresent tbeu-daxutdyiwt&muhud.dmm
are largely these formerly known as the calculus of obscrvalions They
involve few assumptions sbout the nsture of the original figures, and
consider the figures as such, and not as samples.  Descniptive mel (e )
nermut compitation of mesns, modes, medians, and of varmnces and
higher moments, as well us of correlutions between Lwo or mure varisbles

Analytical methods use the descripuive techmgues to determine how
weil the observations agree with the theoretical model which they are
assumed to foilow.  From the character of the model, m ture, and the
deseniptive results, the analytical procedures can wdivate the scou-
racy of genershzations lrem the data, snd of comparisons with other
obwer vations

Emphasts, i most elomentary courses in statistics, on e anadyticel
wserts has obsoared, Tor muny grophysicsis, both the hetalions and
the wiility of the parcly descniptive mcthods sl the calealus of olocrva
thoms Wiheteas descniplion takes the data as they e, muiyses con
siders them oely as o sample of & population or universe  This pareat
population, m turs, s assumed to have certamn charsctensty s, whose
pumerical values are estimated from the description of the saniple

Establishing that the sample does m fact have the attributes of the
parent population 1s thervfore essential to any snalysis, yet i many cases oy,
this correspondence 1s not established at sl For example, the standard
mmhmwdfauymﬁﬁgumunvahdnmd,
themntddupaiu.hutudyi‘l!nipmm.&mn to follow ‘:34
“norma! " distribution can it be assumed ihat two-thids of them full
within one standard deviation from the mean.

Descriptive methods alone may suffice for many geophysical spph
.fmmewtlahthwna‘uﬂun-us-whun
nﬁlddnu-‘oberdneudh‘m&swwestm
n des, vanances), ﬁMuyM#thhww
wuywmm“ﬂddmsvum‘ Thut stutis-
Mnﬁﬁd”;ﬁddﬁ““n&ne&wdl& Y

«-mmm-wuu.-vh..mim- L%
mlthdthuphih&d&mhﬂu&nwhm \

Fw-uymdpﬂyidﬂs,“hid-rtwmmmdeﬁm -

amdd“b.‘m—ﬂtmmum 1.." 2] .
Mgst geophysical data concern measurements of 8 variable which is con-

mhwhd“ﬂmhmm‘m K
certain ranges of one or both. A'—d-mﬁ(dgitw.c '

S “fadodV
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proposed by Kottler [6]  As soon as the statisticzl theory of exireme
values (Sections 2.5 et seq) was introduced mto the United S ates,
Powell [7] designed a probubility paper for its function (Section 28)
Other probability papers include the “Probit™ and “Logint”™ graphs of
Berkson and Gumbel's new “Range” paper (8]

The chief virtue of any probability paper is that w set of data whach
ploullon‘..tnighllinemitunbemumgitobcdruwnima
population whose distribution i that on whick the paper s hased A
further sdvantage in that such o stragght hne, whiether drnwn by mspec-
tion or fitted maihemnticslly, cnn be used 1o oblain estimades ul othor
values, such as the expectesd frequency of a given value or the value with
given probability of eccurrcnee.

However, probability paper cannot be used alove to determine how
weil data follow the sssumed distribution, e.g., to test for “normabity,”
because a straight line cannot be itted to plotted points by inspection
mmhwﬁm.ndsﬁthtmfrm-urdghlhmm
magpified at both cnds A Log-Probability Chart should be used only
hwﬁmuﬁoﬁubysm@tﬁuhtmwiﬂd‘emm
dats fit it. It is impossible to achieve any reliable judgment by mere
inspection of such & graph.” i6]

To plot & set of values on any probability paper they must be arrauged
smallest value is No. 1, the next-smallest No. 2, ete; if the smailest
occurs twice, it has Nos. 1 and 2, and the next-smallest 1s No. 3, ete.
Alternatively, the largest value may be No. 1.

Hmw,tm&bmmwﬁbowwplmmuemm-
tive ranks on prebability paper. If the ranks are divided by the number
dmﬁmﬁ,&uﬁahﬂmim’,m&iﬂh&iqm 1e
graph paper. Compromises have been suggested, by which either § or 1
is subtracted ‘rom the rank before division by N, or division by 2N ; these
either omit an observation or distort the original data 9

Certain theoretical considerations indicate advantages in dividing
esch cumulative rank by N 4 ! for plotting; n wddition to providing
more realistic frequency values, this method permits all olser vations to
be plotted on graph paper This procedure is used in analysis by the
theory of extreme values (Section 2.8}

1.6. Compenenis

Typical of the subordination of descriptive meihbods to unalytical
Mmhthenqbetdamymleadmdulwquuefami-
meting two normal components in any frequency distnbution  Many
measurements, in geophysics as well as other sciences, involve varia-

SME NEW STATISTICAL TEUCHNIUES IN GROritysius ok

bles which are sot uniform but welade subvanables of different basic
charactenstics

For exsuple, Lasdsberg {(10] has sbown that olocrved thermsl
gradients in the enrth's erust fali into two groups, possibly for sedimentary
and metamorpiue rocks, respectively.  Similerly, o mnddle latitudes
the tropopuuse may be either bigh and cold (tropeeal) o low nod vot eo
vold (pulur), so that s lrequency dstnbution of daly tropop: use heght
determmations hus Lwo Jefinite modes

A genernd method for hadisg two sormal comgrenents moany destaba
tion, weumng nothing shout them exeept their existoser, was prosented
by Pesrson [ii] m the first of s famous * Costribubows o Ue Mathe-
metien! Themy of BEvolution™ bofore tie Hoyal Soavty on Novembes
16, 1893, It requires solution of a complete nmth degree equation
mvolving the first five moments of the given distribution

Pearson apphed this method not enly to markedly skewod dustnbu-
tions, in which the presence of two components s mdicuted strongly, but
to seme which are quite symmetrical (although not normal) to find com-
poneats with identical means but differing standard devistions  His
genersl method spplies even when one of the components 15 negative,
e, the given distribution is the difference between normal cies F

To Edgeworth's [12] suggestion for ssmphiying sssumptions, Pvaison .
113] retorted that the  process is not so laborious that it seed be discarded
for rough methe'. o7 approximation based upon diopping the funda-.
mental nonic and guessing suitable solutions ”  However, Charber [14]
considered the general solution “a very labortous operation,” sl
developed simple solutions for two special cases (1) where means are
assumed for the two components and (2) where the variances of the two _
components are assumed to be equal 3

Charlier's development, published in English 1 a journal of the 3
University of Lund (Sweden), attracted hittle attention, and no mention |
of it appears in his later textbook ner does it seem to heve been used by
anyone else  Of the two methods, the first, nvoiving assumption of the %
means of the two components, is far simpler than the second, which &
requires computation of the fourth moszent of the g en distribution and )
solution: of & cubic squation. s

However, Charher devoted little spe.ve to the hrst method and
expanded on (he second, terming it the ““abnidged method for dissecting
frequency curves ™ Since the cubic equation involved s sctually one
step in the general solution, “ henee it is no loss of time Lo begn with this '
spprox:mate method ” He felt that assuming equal variances for iwo 1
cmmuu"id‘mmm”thmhgvdmlw
their means: * Especially in biology it is a fuirly probable supposition
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have occurred may be expected to occur agan. 1o geophysics, extremes
are of grester importance than in many other sciences, because many
questions of engineering design hinge on the most extreme value to be
expected. Dams must be constructed to withstand the maximum floed
anticipated in the lifetime of the structure, skyscrapers must be designed
with ths most severe earthquake in mind, chimneys should be abie to
endure the strongest wind, communications circmts should operate
during the most severe magnetic and electrical disturbances, snd pers
must be located and constructed to withstand the heaviest anticipated
surf.

In all such problems, speafied caleulated vsks may be taken o the
hkelihood of occurrence of these extremes can be estimated within known
iimits of accuracy. The basis for such estimates of nsk, and methods for
their caleulation, are explained first in this section. Then follows a dis-
cussion of the most recent method of estimating the most extreme value
te be expected in a given period, the statistical theory of extreme values

By definition:

An event which happens H times i N tnals has o relalive fre-
_guency of occurrence of H/N, and an apparent return period of
T=N/H.

The apparent return period, or reciprocal of ihe relative frequency, is
therefore the average interval beiween recurrences of the event in the
particular series of trials. Despite the rigor of this definition, it has not
been fully appreciated, and there even have been some atlempts to
prove it.

Distinctions have been drawn, in hydrology, between two kinds of
return periods: the “exceedance interval” and “recurrence inte:rval™
respectively the average periods between exceedances and recurrences
of an event. These distinctions may be justified in dealing with discrete
variables, such as number of points on a throw of two dice, but they grow
meaningless for continuous variables as the unit of measurement becomes
smaller. The distinction is part of the earlier empirical approach to the
problems, which has been superseded by the recent advances outhoed
in this article.

Events for which relative frequencies and return periods are estime ted
gre defined in one of two ways: by time or by megnitude. Events
defined by time are the largest (or amallest) individual values during a
given interval, such as a month, year, or solar cycle Events defmed by
megnitude are those values which exceed some predetermined base, such
as a temperature of 100°F or an earthqusake intensit, of 6.0 the time unit
is usually much smaller than that used for the first type

SOME NEW STATISTICAL TECHNIQUES IN GEOPHYSICS a5

lu particuiar, most hydrologie analyses use the relative frequency and
spparent return periods of annual foods (maximum stream discharge),
ignoring the sccond-highest fioods of each year although some of them
may be greater than the largest floods of other years To rectsfy thas
appurent fault, oiher analyses use all fouds exceeding (he base value
(* partial- duration series "}, so that *' the recurrence interval is the average
interval between floods of » given sizse regardiess of thewr relationstup to
the year or any other period of time.”  [18] Tt 18 less than the recurrence
interval comprited on the nnnusl busis, sithough “for wmrge fouds the two

approach numeneal cquality

22 Freguency

1f the occurrence or recurrence of an event depends on s many
independent factors that it may be conmdered to follow the laws of
chance, its relstive frequency ususally is assumed to be the same us the
probability of occurrence in any one trial.  This eguivalence, whach
eppears intuitively sound to the engineer, is questioned by the mathe-
matictan, and has encountered much statistical discussion
It is the subject of an early theorem, acclaimed as one of the Townda- g
tions of prubability theory, proven by James Bernoulli in is irs con- §
jectandi (published posthumously in 1713):
As the numuer of trials increases, the probabibty approahes oy
un&ythﬂthrdoﬁnfmmdmawiﬂdﬂubyh
than any desired amount from the true probability of occurre ce

This theorem does not say that the relative frequency itself spproaches
mumpmyu.ﬁﬁgmnmunwm.m
ment as the basic definition of probability, from which Bernoull's
theorem would be sn immediate consequence In recent years these
fundamental assumptions of probability theory have been the subject of
renewed discussion [18]

In most geophysical problems, the true probability 15 unknown and
must be inferred from the relative frequency. *Bernoulli, himseli, in

ishing lus theory, bud in mind the approximate evaluation of
unknown probabilities from repeated expeniments” Uspeisky {19} =
pﬂdmkqﬂhgw.-y’-g:“"wy for many pre-
e&.mﬂoﬁuﬂl&“n‘nﬂhﬂhmymn N
was fsir or rainy, . . . by these very obeervations he would be able to ’
discover the ratio of cases which in the future might favor the occurrence ™
or failure of the same event under similar circumstances.”

While the relative frequency based on very many occurrences pio-
vih.mmmdmwMydomm.&e

00 = PEFS ~ g ¥
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bility of H occurrences in N trials i

: encuy’ ] ),mheduugemrdm

;’a:ﬁmmmumz.n.n.mn“wm.
more indirect method, Mmowumuwthwmuzed

bere wes
n[z:Tched, and the resulting tubles are reprodiced i a recent

25 Theory

and - Mf@c&_symﬁm.bw
L I as &5 1t 18 based
&wwnﬁwd%mmhw. il

" ;l:t!‘::e:'y uw widespread interest, and was udapted by others
nh"‘u‘;.drmwm. _m’d,mwwbmkmgum
determination of gust loads on sireraft |- »

. : t o < (3], and to

;Tauc evaluations [31]; additional refinements were madde by Gambel

The theory applies to the largest (or smallest) values 1o cach of N

t checrvations cach. drawn from the

:-. population _Th parent population must be disti:buted uccording

suine e:ﬁuuud!e' (8s is the normal distribution), so that it is

M_ . tends to zero as the varisble incresses or decresses, the
distnbution also must possess sil moments.

While based o these premises, in practice the theory muy be apphed
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to many cases i which some of the conditions are met only approxi-
mately,  paiticular, it may be used for extremes of distributions which
are lim 1 at cither end, as long as the haits are well bey ond the region of
iservation.  Temperature hus a definite lower lmit (absolute zero) and
possabily an upper limat, but sice these are far removed from the values
chserved wit curth, exticmes of air lemperature (or water, or 1oeks) muy
be analyzed by the theory.  Similarly, rsnfall amounts and flood stages
cau be analyzed if the smallest values i each set are still well above zero.
the highest floo stage of cach year in & perennial nives can be analyzed,
bui not the highest stage in w dry wash which may have no water at Wl
for several years i a row.
The funduinental theorem of the theory of catreme values is.

In a sct of N independent extremes ), 23, Zs, . . - ¥x, €ach
being the extreme of one of N sets of n observations exch of an
unhimited, exponentially-distributed variable, as boith N and «
grow large the cumulative probability that any one of these N
extiemes will be less (greater, for smaliest values) than uny cho-
sen quaniity, &, approaches the double cxponentinl experasion

(29) ¢(x) = ¥(z) = exp| —e¥e= )

In the expounent, the — sign spplies for largest extremes, the 1 sign
for smallest extremes; “cxp” 15 another way of writing ¢ to the power™:
exp (zj = ¢ This expression gives the probability of nonoceurrence
gl(z) of the event z in & single trial, sad thus affords & way of deter-
mining the probability of occurrence p = 1 — ¢ = 1 — #{z) used
Secuous 2.3 and 24 Consequently, the return period of extremes egual
to or exceeding « 13
(2.10) T, = 1/l — %))

Introduction of the expiession for #(z), equation 29, nto equalion
2 10 yieids & most unwicldy expression, so that in practice the probabihity
of nou-occurrence, $#(r), s obtained first, and then the vetuwm period is
found.

26 Descriplicn

‘The manucr e whach this probadahity of nos-occurrence, #(x), vanes
with z i3 shown by differentiation:

(211 @'(z) = a-e¥d §(z) T

Further dificrentiation shows that the density of probability (Sec-
tion 1.5) 18 & maximum st T = I, e, that T is theoretically the most
frequent valie (mode) of the set of extremes being considered  Graph-
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horizonta! or vertical departures, but this method provides o best fit,
independent of whether z or y is considered as the independent variabie.

This “line of expected extremes” is expressed customarily by equa-
tion 2.15, since in practice specific values of x are determined for various
probabilities as represented by y, such es 0 and 5 This procedure,
however, implies no dependence of £ on y they are mutunlly dependent

To indicate how well the line fits the observations, a confidence band
can be drawn on both eides of it. Generally, the limits of this band sre
chosen so that there is a probubility of 0.68268 {corresponding to 1o of
the normal distribution) that the extreme correspondit.g to any frequency
®(z) will fall within the band. For frequencies from 015 to 0.85, the
width of this band is obtained by dividing & certain theoretical value,
Yere called A, by @ /N, so that the limits of the band (sometimes ealled
control curves) are, by equation 2.18,

(2.20) z =%+ Ke, £ h/a~'N

where the first double sign is + for largest values, — for smallest values,
and the second gives, respectively, the upper and lower limits of the
band. Values of k for various frequencies are:

Freq #(z): 150 200 300 400 500 600 700 00 850
h: 1.255 1.243 1.268 1 337 1 443 1 508 | 835 2 241 2 585

For frequencies greater than 0 85, the width of the 0 08269 confidence
band is calculated for the largest and next-to-largest extremes:

(221) A,y = £11407/a A w0 = 10.7592/al(N — 1}/N|

On either side of the line of expected extremes, intervals as obtained
by dividing the tabular values above by a /N are plotted at the corre-
wponding {requencies; the values computed from equation 2 21 are laid
off similarly at the frequencies of the largest and next-to-largest observed
values, but syrametrically about the line and not about the points repre-
senting those observed extremes. Two lines are druwn connecting the
points so plotted, forming a characteristic horn-shaped figure; technically,
the two lines should be drawn smoothly, with a french curve, but in
practice short straight lines are adequate. For frequencies greater than
that of the largest observed extreme, the confidence band 1s extended
parailel to the line of extremes at the same widih as for the lurgest value

Figure 2 shows, for the same data represented by the solid histogram
of Fig. 1, the sig-zag plot of the 74 observed extremes, their “line of
expected extremes,” and the conficence band centered on this line The
scales and grid of Fig. 2 are skeletonized from extreme probability graph

paper. Since the ordinate of this paper is doubly logarithmic, most of the

T 4
SOME NEW STATISTICAL TECHNIQHES IN GOOPHRYSIUGS L

observations are concenteated in the lower part of the dingram: the
median (frequency 500 or return period 2) is less than s third of the way
up the figure. Bocause the largest and next-to-largest values in ths

e o
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Fio. 2 ' zhest temperatures of each snmmer st Wasloogton, D C (1871
1945) plotted on extreme prebability graph and ftted by line of expected cxtremes,
with confidence Land added

particular example are equal in value (a not encommon occurrence in
some sets of extremes), the confidence band broadens markedly for the
iast value In Figure 2 the confidence band has not been extended past
the largest obscrved value, as may be done

2 9 Evalualions

If about twao-thirds of the observed extremes as plotted on the extieme
probubility paper fall within the confidence band, the extremes may be
considered to be represented adequately by the theory of extrem: values
Usually th. iurgest few values will show the m_dep.rturu f?'m'n the \
hine, but unisss one of them is well outside the confidence band it s not .
subject to serious question. » >

The probebility ps that the greatest extreme 1, of the sample will
depart, by an wamount equal to or less than 4 (its actual departure}, from

6°0=PES —jofadV
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leparture

departure

Another method of determining the reliability of the largest extrems
deviates markediy from the expected value, is to omit it from

entire new computation of 2, s,, and the line of expected extremes, and
then cetermine its relative departure from the new line for evaluation by
the above table nrobability cur exactly one uume D
When the most extreme value of a set of extremes is very Iifierent ] Conhder he return pern d ale
from its expected value, which is brsed on it and ali the others in the set, way Instead of & sngle value the return perio

01 re 18 & ven |

it may be 80 as the result of chance: there is always & probability of G.01 terval within wh robabiiity
will occur 'he hmils

that the 100-year value will occur on the next trial (1e. year). But such (whose retu

- a T} . f
a departure warrants investigation ol the onginal data for po ble errors { us gIves,

in observation, recording, or transcription
When the two or three most extreme values depart markedly fron
the expecied values, or when many of the observations plot outside the

confidence band, the observations simply may not follow the theory of
extreme values, for any of several reasons Thus the probability is 68 thal the
frst time in at least 32 ., and in no more thal 3137,

'he first of the tw

for a specified extreme value x, 18

.

8. The set of extremes in queation may not be independent

b. The individusal extremes may not be comparable, i.e., may not concerning exiremes

difficult

o quest. Oons

{

extremes of sampies from the same population. For example, annual period T
wi | extremes at s weather station where the znemometer height Combination of equations 2.10, 213 and 2 14 gives

exposure has changed markedly through the years do not follow
thecry: not do maximum esanual river stages (heigiuts) it the channe!
width increases irregularly with the height

¢. The original populstion, from which independent samples are pre

su.~ed te have been drawn with each sample yieiding a separate extreme
the + appies to largest vaiues Lthe to small

ation s,

may not be unimodal and uniimited. Maximum relative humidity values I th these equation
. . ; n both these equations
would not follow the theory (except in very arid areas) because the upper est. Thus, with the mean # and standard dev

limit (100%,) is within the range of the observations e nes and the values of P and ¢~ in Table 111, T. can be calcuiate
exiremse @ ne v .
ser Lo obtain it K'hl'ki" aily

of the sel of

|

Lack of correspondence between cbeervation and theos foes 1 " y
: . : sually it 18 sampict, I
discredit the theory: it merely shows that the theor f extreme values tther

J J erievl seale. al e NE
cannot be used to analyze the observations I hu nless it has been s of intersection of the line of expected extremes

of the extreme probabilit




valus of z, as given on the abscissa scal

{Equations 2.23 and 2.24 indicate the naiu

the return period scale on the right &
paper, the frequency scale in the body
variate scale along the left side; all three scule
The secoud question f'v:nm-rn‘!:g:r-xt
extreme with g given return period T, is much

equation 2.10 and Table 111, or equation 2.17

in either case {)r the probable extrem:
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Zy for various other return periods 1, are given

be used to determine the expected extreme for tl

Cempiter
(9 ORY - L 7 = *
(2.28) Ly ™= I 4 Z‘_g”” Fio. 3 Example of computation form g extremes

¢ 3 ) ' hose portions of Lhe worksl.eel nec nesa
e o tati 8 n ussed in Bections & Tt 2.10 Only L ¥
; g uons %’!B‘.‘llm} in this Rn" prec ""'“H, Seclions are uestion peed he used Taken from 31} )

arranged in logical order on a **Worksheet 2,” reproduced as Fig. 3

snewer & parlic Hiar

+

“Worksheet 1." printed on the reverse of the original of this form, pro
vides space for arranging the extremes i order, computing their mean
and standard deviation, and their cumulativs frequencies and plotting




pogiticns | hese two worksihies
paper used with them, were developed from
the Climatology Unit, Environmental Protecti

h., Office of The Quartermastes

hich 1}

43 i

Development Brin
it 1311 from w

cussed in & zeport of this Unit

example involves winds, rather than the temperature

to present a different application of the theory and m

tion has shown that s combmation of

his Se
theory and the very recent theory of extreme value
analys:s and evaluation of & extremes ol many ge
I'he highest temperature, strongest wind, severest ea
magnetic disturbance, or worst fRood which has oceu
only 5 times in 50 years has a relative frequency of

best estimate, with 959 confidence, 1s that its tru

where between 005 and 0.22. Thus its return pen

10 vears. but is somewhere between 4.5 and 20 year

observations are considered, instead of only the 5

or exceeded the value in question, then the the

nrovides a regsonably seccurate method of estimatin

p

or the expected extreme for any given return
Even after the return period is established, h

two out of three that the value in guestion %

out of three tha vill occur 1n atl jeas 32
i 1 1 L p— ‘ the former

interval, and are also two

and no more than 3.13 times the return period. Fo g g Af )
1 § he theory t sxtreme vaiues n U

similar app’ ~ations, the design reflurn period T y b ed _
y " ! i istermine for the msely

tien 2.4) for apy desired lifetime N and calculal sk | f fa i?
i he he used to greater advanlage in an

less than 7

ally used

o LINROUEEY gt

I i ghhshed t

Once this design return period is esta i e ex ted extren
ables are those wWhin h wvary

corresponding to it (zs} can be obtained by the theory of extreme values Crrcuiat
Vv :I:i‘éﬂ of a circie, In

217 (z, = 2 + Ka,) and Tuble I'V
limiis or be lim:

:
on s, of N may hive no I .
s other sc ance to which statistics is applied, geophysics has man) problems

nvelving circular many elements (e.g, winds

vary around the

3 - o the more familiar hinear vanables wi
This is done most simply by equation contrast to the mot (:‘ ht . M -

5 y . i or both ends More g0 LDaAR ADY
for K: this requires only the mean # end standsrd deviat ted oR ORe

extremes. provided that extremes of the type in queslion are

KNown

varsbles

compass, and almost all geophysica

follow the [’;i'nr_v n»uz’)ﬁnn‘)ly well
Fundamentally, the theory of extreme values invoives :
a lunas

we through & day, &

thie magnetio fields
wle with 1 mos
nlipuous!y with 1§

ment on strictly theoretical grounds of a function (equeiion 2.6) for the clements vary : ; ,
1974 wwele, OF 8 year Hitherto, such dals ha

$od
Hed or ex

e hes a8

probability that a given extreme value will not be equa
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e?ther s though they were linear, or as trigorometnic functions
cially ﬁrwﬁ the use of Fourier series, in which several sine orlc:::’:e
mmmd dcr:frent amplitudes and periods are add:=d to approximate the
‘ As long as a circular variable does not extend completely sround ()
circle, it can be linearized for statistical analysis vnthouly e
1?:1;“ l'wells reaching a beach kave a total variaytion m direcui':nxo; :;:::t
o a circie, and all days of now.hll ‘n temperave latitudes occur in about
ulf & yesr. TIn such cases, statistical unalysis based on the normal dis-
tf'ibuuon. or any other linear distribution, is adequate: it may be con-
udet:ad t!nt the variable has no limits on either side. However, when
all t.imc-tmns, !muu, or months are represented in the diatributioa'ul the
ynrublg. tt.;o linear approech cannot be justified: there is no more logic
in considering the d!.y to start and end with midnight than st noon or
7am, nnd_ dun.u in t.he limits can affect any analysis seriously.
d.mAppmmsut.n of a'ufeuhr vuj.blo by s Fourier series avoids the
1 .euhy of artificial limits, but introduces another artificiality: the
periods of the ve:.ous terms usuzlly have no physical basis. Wlui for
example, is the ngmﬁoilnu of & half-yearly term in a series npproximg,ting
the um,ul course of air temperature or geomagnetic intensity? At best,
comparison of two circuler variables by Fourier series can indicate the
M reurdﬂ.iga, 1.e., the amount by which the peak of the eurve lags
;ehmd ::J‘ y;i':m" such : the :illueu for temperature. Furthermore,
h«nic'dﬁn' MmMMh “l?::‘ . readily to spatial variables, i e, those

3.2 Description

During the last year, a ¢ rcular normal probabili
. : 4 k iy junction hes been
dum‘&bl:.d by Gumbel [3.'{, 36); when developed it will permit cireular
va te be un.lyzed in the same way that linear variubles now are
::;u’ad‘ mql the aid of the linear “normal curve.” The circular nor-
i distribution has the same theoretica! basis as the hnear normal one
t assumes a large number of random “errors,” or departures from the
mmt::eh the frequency of the departures varying inversely with their
A emde experiment illustrating the theory of the circular n i
_ . mal d
mbuﬁuqum.byammm When Imu::hl, t‘b:
frequencies of the numbers on which the ball alights is uniform around
the wheel. The more it is tilted, the more the frequencies concentraie
towndht.il:: mb:t;)t.them regardless of their value. When the
whee! clined by 20° or 40°, distribution ie confined t
three numbers at the bottom. i

SOME NEW STATISTICAL TECHNIQUES IN GEOPHYSICS 77

In the equation of the cireular normal distribution, the degree of con-
centration of the variable at one time or direction is mdicated by a
parameter, denoted by k. This parameter is 0 for & uniform cireular
distribution, and has no upper limi., although values of k exceeding 3
indicate 80 great s concentration within a narrow sector that the distei-
bution may be considered as linear. Thus k, a measure of coneentration
smndthomean,hinmyuyn.ndownwwemnpmuld the
standard deviation ¢ of the linear normal distribution, since ¢ is & measure
of dispersion around the mesan; k in anslogovs to “a" in the theory of

extreme values (Section 2.7).
The density of probebility of the circulas normal distribntion is.

{3.1) ${a, &) -i.%k)(.

whatabthemdememred!romtbemun,udumdenommuw

involves an incomplete Bessel function of the first kind of zero order for a4
& pure imaginary argument, and has resl values. _‘\\
This function is completely specified by the two parmmeters, «, the
angular departure from the mesn, and k, the measure of concentration
sbout the mean. In turn, k may be estimated by the method of maxi- W
mum likelihood from the observations themselves it is uniquely deter-
m’nedbythelcngtboftlnmmldtheduu(’l‘nbleVl) The
vector mean is simply the vector sum of the data divided by the total X
number of units, not observations. 3
Tastr VI Values of the parameter k of the circular normal dstribution \
corresponding to lengths of the vector mean, & "
a 00 Gl 02 el 04 ns 08 07 o8 oy %?
0 000 020 040 000 080 100 120 I« 166 I8 Q'
1 201 221 242 282 23 38 3N 345 L 87 °
2 408 430 451 473 495 518 539 561 884 604 A
3 620 G52 636 700 .74 78 T2 797 8 EW
« 874 900 927 954 982 1010 107 1068 1 098 1128
s 1.159 1 191 1.223 1.257 12001 1320 1363 1308 1 438 1 475
s 1515 1557 1000 1.645 1.601 1.799 1790 1862 1898 1954 |
7T 2014 2077 2144 3214 2389 3300 2458 3 84T 3048 2784
8§ 2871 3000 3143 3301 3479 3880 g 4177 o

Fotob.enstieuwhiehhnnaﬁhﬁnwolndimm- (such as
vindmudbydim&iouaﬂoddq.byh&.},lhdivﬁuubyth
Mdnmbudmih(mibpubw,a“)ntbummbymmul



Alternat

Lhe appropriate sine and cos

ponents are then use y determin
resuitant by a tangent formula, and its magnit
cosine relation or from the root mean square
the oro

function may written

class

nber alions are expressed as percentages, ni
of development alues ia sOQINe In either case howeve
such numerical comparison is not very practical cr fru alues must be used until equivalent polar paper becomes avalial

original data were reported to much greater accuracy the Altho weiple of equivalent polar paper is

such as directions to the nearest degree « { . g r - A ‘ - : - lied to any great extent
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ular case remains be see
anal wous to those of the linear porms
“5_’!"‘"5'””’7""-" for many people to «10
of such potential value to geophvsi -~ .
At present the circular normal :Vi.k WY
the concentration of a eircular variable about

normal function t«
tion to which the observations cas

f
) 4 d
1vely el 1ts devel
Yet its development 18 of benefit 1«

t
L

g out that ""a 4
£ at "average’’ times or dates shou

gre .
& average'' directions, and

fRaeq

Bection 10 whic first usskge 8 made show
parameter of dstr of sxtreme values (2
factor defining interval of cccurrence f '-»“'
excess of distibution = »,/¢* 1.8 drs
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in which sheltering effects by smali-scale obstacles are present, the data may be
adjusted by using a procedure presented in [3-4].

A situation commonly encountered in practice is one in which, while the
anemometer may not have been moved. the roughness of the terrain surrounding
the anemometer has changed significantly over the years as a result of extensive
land development. In such situations, the adjustment of the data to a common
ronghness may pose insurmountable problems, uniess detailed information on
the phases of the land development is available.

Anemometer elevation and location changes are listed for most U.S. weather
stations in Local Climatological Data Summaries [ 3-3].

—-——

3.2 ESTIMATION OF EXTREME WIND SPLEDS IN
WELL-BEHAVED CLIMATES

Infrequent winds (e.g., hurricanes) that are meteorologically distinct from and
considerably stronger than the usual annual extremes are referred to herein as
extraordinary winds. Climates in which extraordinarv winds may not be ex-
pected to occur are referred to as well behaved. In such climates it is reasonable
to assume that each of the data in a series of the largest annual wind speeds
contributes to the description of the probabilistic behavior of the extreme winds.
A statistical analysis of such a series can therefore be expected to yield useful
= predictions of long-term wind extremes.

Thus, in a well-behaved climate, at any given station a random variabie
may be defined, which consists of the largest yearly wind speed. If the station
is one for which wind records over a number of consecutive years are available,
then the cumulative distribution function (CDF) of this random variable may
be estimated to characterize the probabilistic behavior of the largest annual
wind speeds. The basic design wind speed is then defined as the speed corre-
sponding 10 a specified value p of the CDF or, equivalently, to a specified mean
recurrence interval N.* A wind corresponding to an N-year mean recurrence
interval is commonly referred to as the N-year wind.

This section 1s devoted to the question of estimating {a) the CDF of the largest
+ annual speeds and (b) errors inherent in the wind speed predictions. Such errors
include, in addition to those associated with the quality of the data (see Sect. 3.1),
~- modeling errors and sampling errors. Modeling errors are due to an inadequate

. choice of the probabilistic model itself. Sampling errors are a consequence of
the limited size of the samples from which the distribution parameters are

=, _enirnated and become, in theory, vanishingly small as the sample size increases
=z, indefinitely.

" 321 Probabilistic Modeling of Largest Yearly Wind Speeds

. Several probability distributions have been proposed to model extreme wind
- behavior. These include: the Type I distribution of the largest values (Eq. A1.39),

" *Recall that N = 1/(1 - p) (see Appendix Al, Eq. Al.45).
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eters of the distribution and. hence, the vaiue of the variate corresponding to a
given mean recurrence interval.* However, inherent in these estimates are
sampling errors. A measure of the magnitude of the latter can be obtained by
calculating confidence intervals for the quantity being estimated. that 1s, intervals
of which 1t can be stated—with a specified confidence that the statement 1s
correct-—that they contain the true, unknown value of that quantity. Techniques
that can be used to estimate the N-year wind, and confidence intarvals for the
N-year wind, are discussed in some detail in Sect. A1.6. One of these techniques is
presented and illustrated below. .

Using the approximation —In[ —In(1 —1/N)]=In N, it follows from Eg.
AlL.74 (which is based on the method of moments) that the esumated value
i of the N-year wind vy is

by=X+0.78(n N ~0.577)s (3.2.1)

where X and s are, respectively, the sampie mean and the sampie standard
deviation of the largest yearly wind speeds for the period of record.

As pievicusly noted, inherent in the estimates of vy are sampling errors. It
follows from Eqgs. A1.76 and A1.70 (which are based on the method of moments)
that the standard deviation of the sampling errors in the estimation of vy can
be written as

SD(P5)~0.78[1.64+ 1.46{ln N =0.577)+ 1.1(In N —0.577)*]*2 j__ (322)
n

where n is the sample size.
Example

At Great Falls, Montana. the largest yearly fastest-mile wind speeds at 10 m
above ground during the period 19441977 (sample size n=34) were [3-9]:

57, 65, 62, 58, 64, 65, 59, 65, 59, 60, 64, 65, 73, 60, 67, 50, 74
60, 66. 55, 51, 60, 55, 60, 51, 51, 62, 51, 54, 52, 59, 50, 52, 49

(mph). The sample mean and the sample standard deviation for these data are
X=59mph and s=6.41 mph. From Eqs. 3.2.1 and 3.2.2 it follows that for
N=50 years and N = 1,000 years,

650 ~76 .ph SD((‘)so)z 37 mph
6‘000 =91 mph 30‘6‘000)26.4 mph

' Ifit is assumed that the largest yearly wind s are described by a Rayleigh
distribution,t the N-year wind, denoted by %, can be obtained from Eq. A1.65

In Appendix A1 this value is denoted by Gy(p), where p=1~1/N and N is the mean recurrence
interval. In this chapter the notation Gy(l —1/N) =g is used.

¢ - Hitis recalied that the Weibe  distribution with tail length parameter y = 2 is commonly referred

—

"b a3 the Rayleigh distributic  Note that of all Weibull distributions with y > 2, the Rayleigh dis-
_ tribution is the closest to the ' ype I distribution (1., it has the longest tail).
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FIGURE 3.2.1.  Map of basic design wind speeds. Reproduced with permission from American
National Standard A58.1 Building Code Requirements for Minimum Design Loads in Buildings
and Other Structures, copyright 1982 by the American National Standards Institute. Copies of
this standard may be purchased from the Amenican National Standards Institute at 1430
Broadway, New York, NY i001¢
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in which sheltening effects by small-scale obstacles are present, the data may be
adjusted by using a procedure presented in [3-4].

A situation commonly encountered in practice is one in which, while the
anemometer may not have been moved, the roughness of the terrain surrounding
the anemometer has changed significantly over the years as a resuit of extensive
land development. In such situations, the adjustment of the data to a common
roughness may pose insurmountable problems, uniess detailed information on
the phases of the land development is available.

Anemometer elevation and location changes are listed for most U.S. weather
stations in Local Climatological Data Summaries [ 3-3].

3.2 ESTIMATION OF EXTREME WIND SPEEDS IN
WELL-BEHAVED CLIMATES

Infrequent winds (e.g., hurricanes) that are meteorologically distinct from and
considerably stronger than the usual annual extremes are referred to herein as
extraordinary winds. Climates in which extraordinary winds may not be ex-
pected to occur are referred to as well behaved. In such climates it is reasonable
to assume that each of the data in a series of the largest annual wind speeds
contributes to the description of the probabilistic behavior of the extreme winds.

A staustical analysis of such a series can therefore be expected to yield useful

= predictions of long-term wind extremes.

Thus, in a well-behaved climate, at any given station a random variable
may be defined, which consists of the largest yearly wind speed. If the station
is one for which wind records over a number of consecutive years are available,
then the cumulative distribution function (CDF) of this random variable may
be estimated to characterize the probabilistic behavior of the largest annual
wind speeds. The basic design wind speed is then defined as the speed corre-
sponding to a specified value p of the CDF or, equivalently, to a specified mean
recurrence interval N.* A wind corresponding to an N-year mean recurrence
interval is commonly referred to as the N-year wind.

This section 1s devoted to the question of estimating (a) the CDF of the largest

+ annual speeds and (b) errors inherent in the wind speed predictions. Such errors
inciude, in addition to those associated with the quality of tne data (see Sect. 3.1),
modeling errors and sampling errors. Modeling errors are due to an inadequate
. choice of the probabilistic model itseif. Sampling errors are a consequence of
the limited size of the samples from which the distribution parameters are

estimated and become, in theory, vanishingly small as the sample size increases
. indefinitely.

321 Probabilistic Modeling of Largest Yearly Wind Speeds

. ‘;_ Severgj probability distributions have been proposed to model extreme wind
1 behavior. These include: the Type I distribution of the largest values (Eq. Ai 39),

*Recall that N = | {1 - p) (see Appendix Al, Eq. Al.45).
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the Type 11 distribution of the largest values (Eq. Al.42), and the Weibull distribu-
tion (Eq. A1.65). Extreme wind speeds inferred from any given sampie of wind
speed data depend on the type of distribution on which the inferences are based.
For large mean recurrence intervals (N > 50 years, say) estimates based on the
assumption that a Type 11 distribution 1s valid are higher than corresponding
estimates obtained by using a Type I distribution, while esumates based on a
Weibull distribution with tail length parameter y 2 2 are lower.*

According to { 3-5], extreme winds in well-behaved climates may be assumed
to be best modeled by a Type Il distribution with u=0 and y=9. However,
subsequent research has shown that this assumption is not borne out by analyses
of extreme wind speed data [3-6, 3-7, 3-8]. In [3-6], 37 year-series of 5 minute
largest yearly speeds measured at stations with well-behaved climates were
subjected to the probability plot correlation coeflicient test (see Sect. AL.6) to
determine the tail length parameter of the best fitting distribution of the largest
values. Of these series, 72% were best fit by Type I distributions or by Type Il
distributions with y= 13 (which differ insignificantly f.om the Type I distribu-
tion); 11% by Type Il distributions with 7€y < 13; and 17% by Type 1 distribu-
tion with 2<y < 7. Virtually the same percentages werc obtained in [3-7] from
the analysis of sets of 37 data generated by the Monte Carlo simulation from a
population with a Type I distribution. On the other hand, the analysis of sets
generated by Monte Carlo simulation from a Type II distribution with tail
length parameter y=9 led to percentages differing significantly from those
corresponding to the actual wind speed data. On the basis of these resuits it can
be confidently stated that in well-behaved climates extreme wind speeds are
modeled more reaiistically by the Type I than by the Type II distribution with
»=9. This conclusion was reinforced by studies reported in [3-8], in which
rechniques similar to those of [3-7] were used in conjunction with wind speed
data at one hundred United States weather stations obtained from [3-9].

As indicated earlier, the Type I distribution results in lower estimates of the
extreme wind speeds than the Type II distribution with y=9. An interesting
result obtained in [3-8] is that at most stations in the United States even the
Type I distribution appears to be an unduly severe model of the wind speeds
corresponding to large mean recurrence intervals; at these stations a better
fit to the data is obtained by Weibull distributions with y 2 2. Thus, structural
reliability calculations based on the assumption that the Type I distribution
holds are in most cases likely to be conservative [3-10].

322 Estimation of and Confidence Intervals for the N-year Wind:
Numerical Example

[t is shown in Sect. A1.6 that, given a set of data with a Type I extreme value
underlying distribution, several techniques can be used to estimate the param-

*The differences between speeds estimated on the basis of Type il distributions and l_he ‘Twe I
distribution increase as v decreases. Differences between speeds based on the Type | distributiont
and Weibull distnbutions increase as y increases.
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eters of the distribution and, hence, the value of the vanate corresponding to a
given mean recurrence interval.®* However, inherent in these estimates are
sampling errors. A measure of the magnitude of the latter can be obtained by
calculating confidence intervals for the quantity being estimated, that is, intervais
of which it can be stated—with a specified confidence that the statement is
correct—that they contain the true, unknown value of that quantity. Techniques
that can be used to estimate the N-year wind, and confidence intervals for the
N-year wind. are discussed in some detail in Sect. A1.6. One of these techniques :s
presented and illustrated below.

Using the approximation —ln[—~In(1—1/N)]=In N, it follows from Eq.
A1.74 (which is based on the method of moments) that the estimated value
f5 of the N-year wind vy is

by= X +0.78(In N -0.577)s (3.2.1)
where X and s are, respectively, the sample mean and the sample standard
deviation of the Jargest year.y wind speeds for the penod of record.

As previously noted, inherent in the estimates of vy are sampling errors, It
follows from Eqs. A1.76 and A1.70 (which are based on the method of moments)

that the standard deviation of the sampling ~==~ in the estimation of vy can
be written as

SD(85)~0.78[1.64 + 1.46(In N ~0.577)+ L.1(In N —0.577)2]"2 :;: (322)
n

where n is the sample size.
Exampie

At Great Falls, Momana. ghe largest yearly fastest-mile wind speeds at 10 m
above ground during the period 19441977 (sample size n = 34) were [3-9]):

57, 65, 62, 58, 64, 65, 59, 65, 59, 60, 64, 65, 73, 60, 67, 50, 74
60, 66, 55, 51, 60, 55, 60, 51, 51. 62, 51, 54, 52, 59, 56, 52, 49

(mph). The sample mean and the sample standard deviation for these data are

X =59 mph and s=641 m
N  =0.41 mph. From Eqs. 3.2.1 and 322 it
N=50 years and N = 1,000 years, q it follows that for

030> 76 mph SD(i44) 3.7 mph
81000 >91 mph SD(8000) 6.4 mph

Ifitis assumed that the lar ’ '
Htis h gest yearly wind s s are described by a Rayleigh
-dmnbutxon.f the N-year wind, denoted by %, can be obtained frgm Eq? Alg.65

*In Appendix' Al this value is denoted by Gy(p), where p=1 -
i In thtshchlpter thg nom'ion Gx(l =1/N)=ug is used.
tto . themlhy ht‘ ;: ;k'ne \f!ctbull distribution with tai] length parameter y =2 is commonly refsrred
Mokt 1strivution. Note t.lm of al! Weibul! distnbutions with y 22, the Rayleigt dis-
€ ciosest o the Type | distnbution fl.e. 1t has the longest tail). :

!’N and N is the mean recurrence
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%  EXTREME WIND CLIMATOLOGY gar M

An alternative approach to accountung 10r sampling €rrors, which applies
the theorem of total probability, i1s suggested in [3-51].

3.2.3 Methods for Estimating the Extreme Speeds at Locations with
Insufficient Largest Yearly Wind Speed Data

There are about one hundred U.S. weather stations for “vhich reliable and
relatively long wind speed recoids are available (1., records over periods of.
say, 20 years or more). Some of these stations cover areas of tens of thousands
of square miles, over which—for meteorological reasons or owing 10
topographic effects—the extreme wind climate is not necessarily uniform. There
arises therefore in practice the problem of estimating extreme wind speeds at

various locations where long-term records of the largest yearly wind speed
data do not exist.

Estimates of Extreme Wind Speeds in a Marine Environment. Reference 311
lists three methods that are in principle available to carry out such estimates for
marine environments where the extreme speeds are associated with extra-
tropical storms. The first method makes use of climatological information on
various parameters of the storm and of physical models relating those param-
eters to the surface wind speeds. It is shown in Sect. 3.3 that such a method can
be applied to estimate extreme wind speeds in hurricane-prone regions. How-
ever, as noted in [3-11], owing to the complexity of the surface wind patterns
in extratropical storms, the usefulness of this method appears to be uncertain
in regions where such storms are dominant.

A second method listed in [3-11] is the use of objective analysis schemes.
These consist of: (a) an initial guess at the surface wind on a regular grid, (b) an
automated procedure for screening wind reports from ships to eliminate
erroneous readings, and (c) a procedure for correcting the initial guess on the
basis of the usable set of ship reports, which involves relations among the
surface wind speeds, sea-level pressures, and air and sea temperatures. Details
on objective analysis schemes and of errors currently inherent in such schemes
(which may range from 10% to 30%) are given in [3-11].

The third method listed in [3-11] is referred to as direct kinematic analysis.
The method, which involves subjective judgment by experienced analysts, con-
sists of synthesizing discrete meteorological observations 10 obtain a continuous
field represented in terms of streamlines and isotachs. Objective or kinematic
analyses applied to a sufficient number of strong storms make it possible to
provide estimates of extreme winds that may occur at any one location. As
indicated in [3-11], one of the major difficulties in conducting such analyses

is that much of the vast store of existing data is currently not accessible in
readily usable form.

Estimation of Extreme Wind Speeds from Short-Term Records. A practical
procedure for estimating extreme wind speeds at locations where long-term
data are not available is described in [3-12]. The method. whose applicability
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ESTIMATION OF EXTREME WIND SPEEDS

was tested for a large number of U.S. weather stations. makes 1t possible to
infer the probabilistic behavior of extreme winds {rom data consisting of the
largest monthly wind speeds recorded over a peniod of three years or longer
Estumates based on the monthly speeds. denoted by vy ., are obtained by re-
writing Eg. A1.74 as follows

Unm =X, +0.78(I0(12N)-0.577]s,, (3.2.4)

wnere ‘\n,,. and s, are, respectively, the sampi¢ mean and the sampie stancara

deviation of the largest monthly wind speed data. and N =mean recurrence
interval 1 vears

S

obtained from Eqs. A1.76 and A1.70 as

I'he standard deviation of the sampling error in the estimation of g . 18
L2l

64 + 1 46[In(12N)=0.577] + L. 1[In(12N) = 057773

where n_ = sample size
Example

At Great Falls, the sample mean and the sample standard deviation of the
largest monthly {astest-mile wind speeds at 10 m above ground for the period
September 1968 through August 1971* (sample size n,, =36) are X, =42m
\‘,_ =696 mph. From Egs. 3.2.4 and 3.2.5, the estimates for N =50 years and
= | 000 years are

74 mph SD(Vso

000.m =20 mph SD(©

“u()m'
It is seen that th

are only slightly lower than those obtained {rom the set r)’ 34 largest xcuri_&

speeds (Usp = 76 mph and ¥, g00 =91 mph; see Sect. 3.2.2): however, the samplin
erTors are larger

estimated speeds based on the set of 36 largest monthly data

ua

Similar calculations carried out for 67 sets of records taken at 36 stations
are reported in [3-12], where it

2], it was found that the differences 4y, — 1o,
where Uy, is the 50 year wind speed estimated from long-term largest yearly
data, were less than SD(P so.m) 10 667 of the cases and less than twice the value
of §D(B4 ) in 95% of the cases. This remarkable result, confirmed by additional
uah,ulau\)ns reported in [3-13], indicates that the estimates based on largest

monthly wind speeds recorded over three years or more provide a useful

description of the extreme wind speeds in regions with a well-behaved wind
climate

Inferences concerning the probabilistic model of the extreme wind clima

ONoEtha -adenai data -
OF the actual data matological Data summanes for the years 1968




EXTREME WIND CLIMATOLOGHY

nsisting of largest daily wind speeds

1 3 - ) ol p i 1 ) .svwx

speeds measured at |-hour intervais { 3-14]. One probliem
respect i1s that data recorded on two successive days are

orrelated. Nevertheless, as shown in | 3-14, in practice such

l}\ s i Tt the

bie effect on the staustical estimates, and the assumption

12
dence among the data can therefore be used. However
rious problem 1s that the daily (or hourly) data reflect a large
number of events (¢.g., morning breezes) that are altogether unrelated meteoro-
logically to the storms associated with the extreme winds. These events can be
viewed as noise that obscures the information rr:;c\arﬁl to the description of the
extreme wind climate. Indeed, it was verified in [3-12] that estimates of extreme
winds based on daily data differ significantly from estimates obtained for long-

tor
P 10

term records of largest yearly speeds. This conciusion 1s a fortiori true

nferences based on hourly data

3.3 ESTIMATION OF EXTREME WIND SPEEDS IN
HURRICANE-PRONE REGIONS

We now consider the prediction of extreme winds in chimates charactenzed

by the occurrence of hurricanes. It was suggested in Sect. 3.2 that in a well-

behaved wind climate each of the data in a senes of the largest yearly speeds
contributes to the description of the probabilistic behavior of the extreme winds
However, 1n a ‘nurmwmcpronc region most of the speeds in a series of the
largest yearly winds are considerably lower than the »xtreme speeds associated
with hurricanes; they may therefore be irrelevant from a structural safety point
of view. This situation 1s illustrated by the plot of Fig. 3.3.1, which shows the
S-min largest speeds recorded at Corpus Christi, Texas between 1912 and 1948
[3-6]. It may then be argued that in hurricane-prone regions the senes of the
largest yearly speeds cannot provide useful statistical information on winds of
nterest to the structural designer, much in the same way as the population of a
hrst-grade classroom—which might include a teacher—is of little use in a
statistical study of the height of adults. That this is the case is suggested below
The abscissa in Fig. 3.3.1 represents the reduced vanate
A e A
y=~In| —In{i-
| -
mean recurrence interval. In virtue of Egs. A1.43 and Al1.45,
¢ cumulative distribution function \m'u*d be represented
ht line, the intercept and slope of which would be equal
eters u and o, respectively. To the extent that the
population of largest yearly speeds wouid be described by a Type I distribution,
the actual data would then fit, approximately, a straight line. In Fig. 3.3.1 this
is roughly the case as far as the winds of less than hurricane force are concerned.

However, if—as in ig. 3.3.1—the hurricane-force winds are included in the
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ELEMENTS OF PROBABILITY THEORY AND APPLICATIONS

A\L.S PROBABILITY DISTRIBUTIONS COMMONLY _JSED IN
WIND ENGINEERING

The Geometric Distribution

Consider an experiment of the type known as Bernoulli trials in which (a) the

nly possible outcomes are the occurrence and the nonoccurrence of an event A4

b) the probability 4 of 2vent 4 1n any one trial 1s constant. and (¢) the outcomes
I the tnals are independent of each other

Let the random vaniable N be equal to the nur

4 occurs for the first

time. The probability pin) that even
equal to the probability that event A will not
trials and will occur on the nth trial. Since the probabilit

44

'a) ™ » ~ L " i A,- \ " | - ~ 1"Me s
:olevent A inonetnalis | —4 (Eq. A1.2) and since the n
t follows from the multiplication rule (Eq. A1.8)

pin)=(l —4)"" ‘4 Yok AR ¥ A

aistridution 1s Known as the geometric distribution w ith param

The probability P(n) that event 4 will occur at least once in n trials

lound in the iollowing manner. The probability that event 4 will nor oceur in

trials 1s (1 =4 )". The probability that

it will occur at least once 1s therefor

T
¥

1€ quantty

f event 4
i cveént A

Lxampies
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PROBABILITY THEORY AND APPLICATION

|

[vpe | and Type |l Distributions of the Largest v alues Viean Recurrence
Intervals

3
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PROBABILITY DISTRIBUTIONS USED IN WIND ENGINFERING

Al.40)
SDI(X y (Al.4]
'I
[ he mulative distribution function lor the IType Il distribution of the
irgest value so referred to as the Tipe /1 Extreme Va'ue distribution, ot
€ Renera .:"rl'hf\1"\”.,’@“«"1
| i ' f
I “ M* :
Fylx)=exp (2 Vo) (A].42)
| ) 4
|
| o ()
vhere | ind v are the location, the scale, and the shape (or tail length) param
ter, respectively [Al-B]. I

the particular case u=0, Eq. Al1.42 1s relerred to
15 opposed (o generalized Frechet) distribution

19 and Al.42 may be inverted to vield the so-called percent
that 1s, the value x of the random: variable that corresponds
[ the cumulative distribution function

10

In the case of the

X(F)=pu~oln(~=InF) (Al.43)
whereas for the Type Il distribution

dFJ=u+a(~inF,)""' (Al.44)
It 15 , v

L 18 convenient to denote the cumulative distnbution function value F, or F,
r x(Fy) by Gyip). Then, for the Type I distribution

Gylp)=pu~oin(=in p)

‘Al -“.il
and for the 1

pe 11 distribution

Oylp)=pu+o(=~inp)~*

From the

(A].44a)
¢ dehmition of p and Eqg. Al.2 it follows that ProblX > x)= 1 ~p
Let the random vanable X represent the extreme annual wind s»eed at some
given location. Each year may then be viewed as a trial in which the event that
the wind speed X will exceed some value x has the probability of occurrence

- p. By virtue of Eq. A1.33, the mean recurrence interval of this event is

|
\:.I - (A]l.45q)
i=D
['hus, the wind speed < corresponding to a mean recurrence interval N is equal
to the value (

| the percent point function of X corresponding to

(Al.45b)
N .




LEMENTS OF PROBABILITY THEORY AND APPLN A THONS

s Between Type | and Type 11 Extreme V alue Distributions
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PROBABILITY THEORY AND APPLICATIONS
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PROBABILITY THEORY AND APPLICATIONS

Danii

» tested. 1
{ the degree of agreement, Or goodness o
thetical distribution or. conversely, of the degree {0 which
ym that distribution. If the measure of this deviation
¢ hypothesis will be accepted. and

nypothesis 18 a (evel o] signyj i

ng the hypotlhesis wnel { 1§ 1IN

ns. including the well-known y* 1est, are ¢:scussed
[Al<4]. Brief mention 158 made of the probability

51 107 that has been used 1n the stud | the

Uuy

¢ probabiity piot correiation

Al

ni['/n \i(!.)l;
MAD)-=M(D)

M(D)/n, nis the sample size, and D 1s
e quantities X, are obtained by a rearrange
i the the smallest, X, the second smallest

in the sew. The quantities M (D) are obtai

s. Given & random vanable X with probability distribution £ and given
ybabilistic considerations to derive mathe
illy the distributions of the

ARSI

smallest, sccond smallest, and, in general
s smallest values of X in that sample. The quantities M, (D) are the medians
h of these distributions

1.

)y test whether the be | ol a

valuecs

sponds to a Type | distnibuty

v

the data were generated by the distnbution D, then

\ . aside {rom a iocauon

e factor, X, will be approximately equal to the theoretical values M (D)

0 that the p X, versus M (D) (referred to as probability plot) will
ximate inearity will, in turn, result in a near-unity

{ the distmbution D to the data the closer r

a given set of extreme data 1s better described
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PROBARILITY THEORY AND APPLICATION?

Vionte Carlo Methods. Simulation of a2 Type | Extreme Value Process
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FIGURE AL.S. Histogram of estumated values G (0.999) for 100 sampies of size n = 50.

TABLE Al.2. Percentage of Samples
from & Population with a Type |
Distribution that are Best Fit by Type |
and Type 11 Distributions

Sample Size

Extreme Value
Distribution nm 28 ne= S0
Type | or Type il
iy213 57 77

1€y<13 13 12
Type il

igy<? 0 il

Estimators for the Type | Extreme Value Distribution

A classical method of approaching the problem of estimation 15 the method of ‘
moments. In this method it is assumed that the distribution parameters can be \
obtained by replacing the expectation and the mean square value of the random :
variable X by the corresponding statistics of the sample. In the case of the
Type | distribution. using Eqs. Al1.40 and Al 4l.

5-:/—6 5 (A1.70)

n
fimX-057726 (AL
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Table 3.3-19. Monthly wind speed statistics, Cooper Nuclear
Station, January - December 1977.

— — Wind Speeda (mph)
5 It Wind cpeed 318 ft wWana Egogd

Hourly Hourly
Month Mean Maximum Mean Ma ximum
January 9.5 26.0 12.9 40.0
February 10.4 28.0 14.2 42.0
March 12.4 32.0 16.8 37.0
April 10.1 34.0 14.5 47.0
May 9.9 25.0 14.2 36.0
June 8.9 25.0 13.5 36.0
July 9.3 24.0 14.8 41.7
August 8.2 28.4 11.9 29.6
September T+ 2 19.0 13.5 38.4
October 8.4 21.4 15.1 39.1
November 11.2 34.5 15.3 45.1
December 11.4 26.6 15.9 34.9
Annual 9.7 34.5 14.4 47.0




Table 3-1. Summary of meteorological data measured at Coover Nuclear Statiom,

January - December 1978.

Meteorological Data

1£4

35 fr T rature 35 ft 318 fr
Hean an  Abs. Abs. Mean  Max. Mean  Max.
Mean Min. Max. Min. Max. pirection Speed Speed Direction  Speed Speed Precip.
Month {F) {F) {F) {F) (F} Prevailing (mph) (mph) Prevailing (mph) (mph) Total{in}

January 14.1 6.3 21.8 -9.8 44.4 nHw 4.2 7.5 NNW 13.3 37.9 0.08
February 17.2 9.8 23.6 -15.8 2.5 ww 8.7 33.2 H 11.5 317.7 g.47
March 35.2 26.5 43.5 -11.3 80.4 N 8.3 25.5 NNW 12.7 33.5 e.11
Aptlz $3.0 45.1 60.%9 30.5 78.8 ESE 11.8 25.8 s 16.6 36.3 3.04¢
May 61.1 S3.¢ 69.} 38.1 86.1 E 8.6 31.2 SE 13.3 39.6 3.60
June I 73.1 631.7 82.¢ 50.4 98.5 SSE 9.9 40.1 s 13.%6 S2.4 2.86
July ) 716.6 67.9 85.2 60.8 96.0 3 6.7 21.7 s 13.0 30.5 S.88
hugust 75.4 €5.4 86.1 51.8 95.4 SSE 6.6 21.2 55€E 1.1 36.6 1.12
September 71.0 61.3 S1.4 42.1 95.4 s 6.4 19.9 5 12.3 28.4 6.44
Octobér 54.1 42.9 67.0 32.7 86.1 N5 6.8 18.2 HNW, S iz.0 29.1 0.2
tiovember 40.9 33.8 49.2 14.0  77.5 N, S 6.2 17.7 M, 554 9.8 23.7 1.36
December 27.2 2.2 35.3 4.9 47.8 NW 7.9 28.0 N 12.5 30.6 0.23
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Table 3-1. Summary of meteorolonical data seasured at the Cooper Muclear Staltlon, Brownville,
Hebraska, January-December 1980.

L o 1L o U5t Temperatwee

Hean  Hax = o Hean  Fer T T Rean Fean B3 s Precipitetion

Speed Speed Prevailing Speed Speed Prevalling Mean Max His LT “ia loteld
 Month fmph)  (mph) Direction fmph)  f{mgh) Birectica 3] L3 . (4 ) L3 . L |
Janvery 131 » ) 1.2 2 . 30 I 1.3 135 238 0.66
February na it} R ¥ 65 25 - 4.5 0.2 2.0 ws 223 o1
warch 15.2 n 82 28 10 61 22 190  -i99 192
Apr i} 18 1] . 16 23 > 1.4 6.7 58 0.4 4.4 i.80
May 12.0 n ESE-S5E 5.7 T -t 1.2 28 1.4 0.4 1.3 14
June 13.2 n §.7 T 7 295 1.s 9.7 121 0 86
July 12.7 0 ' 1 . 2.9 ne 7.2 .8 .7 082
Rugust 1n.a 29 se-s* 5.1 1 SSE-8 2208 06 9. ¥%.3 TR 2.,

3.2 o 5.5 % 196 %8 13.2 na .7 T
Octoder 132 % 6.2 F 82 158 14 4.4 5.9 1.
November 12,7 30 wed 5" 86 24 o 5568 6.2 120 e %% 023 0.29
Decemter 124 0 se 25 1.4 10 5.4 ws e 1.68
Annual 130 4 M, SSE-S 6.7 28 s N, SSE-S 311D 154 5.2 »e -218 .22
:rnul"a. direciion 1s givea for coch quarter of the year, Jamwary « April-dune, July Septesber, October Becesber .

durlng this quarter. .

PO‘ S1% of the wind data at I5-Tt Yeve! was recovered

¢



TABLE 4-1 SUMMARY OF METEOROLOGICAL DATA MEASURED AT THE EOOPER NUCLEAR STATION,
20 i) L) L} L i

118-Ft wing

Mean Speeg (mph) 1 17 " 16 i) 13

MaxImum Speed (mph) 8 39 2 38 3 ”

Direction of Maximum Speed NNW L S5u S5W H LW

Date of Maxiaum Sunm 6 19 28,29 3 22 13

Prevariing Direction liW =N SSE-SSW

«Ft oWt
“ean Speed (mph) 8 11 9 11 S 9
“aximum Speed (mph) 22 30 30 n 23 10
Direction of Maximum Speed W N Wik 55w $Sw,SSE,S S5W
Date of Maximum suum 6 10 i 3 3,16,21 13
Prevailing Direction HW=N $SE-55M
i5.Ft Ambient
Jemperature
Nlﬁ ‘ C, 'lo' ‘ao’ ‘o: l‘o‘ 15.‘ uo'
Departure from (d) :

"0".‘ ( C) lu’ 0.2 2.2 30° -!-0 °O°
Maximum ( C) 8.4 19.0 23.1 30.6 27.9 3.4
pate of Maximum 2 2% 30 26 29 8
Hinmum ( C) «15.8 «28.9 7.8 1.6 Yl 11.9
Date of Minimum 17 1 8 6 11 1
Dm\!!‘.“!ﬁ
Total (in,) 0.22 0.00 0.94 1.68 % b 1.7%
Jeparture frm.b)
ormal tm-)m <0.66 «1.0% «1.30 «1.33 ~2.30 4.3
Kain Days 1 0 7 ! 8 12
Max\Buw 16 3
single Day (in.) 0.22 0.63 0.46 0.9 0.59
Date k1 4 12 18 15
Maximum 0 @

Single Wour (in.) 0.11 0.21 0.46 0.17 0.23
Date b} 4 12 17,18 25

(¥ Prevailing direction is derived from the quarterly joint frequency tables and 1s reported for the
(b) quarterly period only, The quarterly periods used are: JanMar, ApreJun, Jul-Sep, and Oct-Dec.
(c) The climatological nommals were derived from NOAA climatological data for Aubure, Nebraskd.
Rain days are defined as 4 day in which 0.01 1n. of ratn or rain equivaient of frozen
precipitation has fallen,

4-2
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TABLE 4-1 SUMMARY OF METEOROLOGICAL DATA MEASURED AT THE COOPER NUCLEAR
STATION, BROUNVILLE, NEBRASKA, JANUARY 1982-DECEMBER 1982,

L] i ) “e AN LA AR
Nl

wean Speed (mon) 1 1 13 18 12 L]
Henimum Speed (mph) » 4] » “ 1 »
Direction of Maximue Spesd Wi N 1Y w s $
Date of Maximue Spees n 2 30 H 9 i
Prevailing Direction’ N S5E-55M
‘Ii-'( !Q!
Mean Soeed (moh) 9 10 1 12 ’ !
Masimum Soeed (mph) " n " * o 12
Dirmction of Maximum Speed W SO0 MHE Nt W " S5W Wi
Date of Masimum Soeed 2 12.23.4 4 8.10 "
Peevarling Direction’ e NNE Sr-ssw
157t Ambient
lemperatyre
Mean () 9.8 1.7 1) 9.9 17.% "ne
Departure from
wormal (C*)® 6.0 2.0 048 2.2 0.1 a4
Fasimum (C) i .2 8.7 2.8 m. 1.0
Date of Meximum 1] ? 12, 30 ] 4 »
winims (C) -28.1 «22.0 “14, 6.9 6.4 8.1
Date of Minieus 10 [ 1] 6 ! 1
» 109 100
Tota) (in.) 0.69 0.2 1.08 0.% 6.96 P
Departyre from
wormal (1n.)® Q.19 Q.78 .09 2.08 .29 .68
Ratn Days® y 6 10 s " $
Maximem 0 4
Singie Day (in.) 0.4 8.11 0.2% 0% 1.64 1.28
Date n v L] » 0 ¢
Raximum 1h 4
Single Wour (in,) 0.19 2.00 0.4 [} 0.80 0.82
Date n 1 19 . 28 bl &

’ Preveiling girection iy derived from the ouarterly ana annual Joint freauency tables and 13 reported for the
Quarteriy end annual DEr100% Only, ThE QUATLEFly DEFIGOS VAR are: Jan-Mar, Apregun, Jul-Sep, and Uct<Dec.

’ The climatological normals were derived from NOAA climetelogical data for Acburn, Nebrasid,

£ Rain gays are definec s & day 1a which 0.0) in. of rain or rain eouivalient of frozen
Precipitation has fallea,



L
1982
TABLE 4.1 (CONT,)
LY AuG i oct oy 1144 LU

‘1“-” m’
wean Suees (mph) 10 9 1 13 13 1 12
Marimum Sores (mph) " i ] n a0 " "
Direction of Paximum Spess  [ND wiw $ [ i L L
Date of Manimum Spees i ‘ " it 12 8 1 hpr
Provariing Direction’ S80-55W SSE-55¢ b3 08 1]
n-'; ma

mean Loeeg (mph) ! '3 ] $ 1 1 ]
“animm Lpren (mph) 44 i ] 19 i3 n " %
Direction of “animue Spesd 55W ViN 5 v LU w L
Tate of Manieam Spese $ . n 1 12 13 1 hor
Feavarling Direction' 508 (TS S IS 1 % 3 1)
15-F1 Ambient
Jenperature

wean (C) P ] 243 8.1 122 3.3 0.0 LN}
Departure from

normal (%) 0.3 2.0 . 1.4 2.0 1.1 KW |
Manimum () b 1% | %8 b 19 N4 8.8 18.3 3.3
Date of “anieum ] 1 s L] | 3l
winimes () b | 12.2 2.8 <33 «11.1 A8 ~18.1
Date of Hinisum n i 2 n " bl 10 Jan
Srecipitation

Tota) (in,) .1 1.0 0.9 0.88 0.7 .\ 7.4
Departure from

vormal (10" 2.0 .99 A .64 0.37 R 2.88
Rain Days® ] 18 ‘ 6 ‘ ] 9

LI IRL IR LN |

Single Qay (in, ) ¥ e selie 0.50 0.38 0.47 1.3 2.64
Date [} 12 [ Fe ] 1 H 70 May
LITRL IR )

Single wour (in,) . .48 1.19 0.28 n.is 0.13 0.5 1.19
Date 6 12 ] ] 11 1 12 Aug
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toglcal Data Measure™ at

4
NUary 1883 through De rmber

J18-Ft Wind

Hean Speed imph)
Maximum Speed (aph)
Direction of Maximum Speed

Bate of Haximua Specd

Hean Speed (mph)

Mazimun Speed (sph)
pirectlon of Hazisua Speed
pDate of Maxiscws Speed

15-Ft Ashient
femperature
Mean (OF)
Maximu= {OF)
pate of Maxieus
Minimus (OF4
paie of Xininum

Precipitation
fotal lin.)
gain Daysi?)

Maximus In 2
Single Day {in.)

Pate

Mizieum 'n &
Single Hour {(in.)

Date

of raln or ratn eguivalent of frozen prec ipitation has falier

2pain days are defined as & day In which 0.01 in
Note a- indicates missing data; N/A indicaies Not Avatlable.




Table 3-1 Sumeary of Meteorolegical Data Measured at the Cooper
January 1982 through Dec ember 1964

100-m Wind

Mean Speed {mph)

Max imum Speed {aph)
Rirection of Maximum Speed
Bate of Maximum Speed

60-= W ggulf &)

Mean Speed [(mph}

Mazioum Speed (mphj
Direction of Mazimum Speed
Date of Mazimum Speed

10-m Wind

Mean Speed {mph)

Haxious Speed (mph)
Direction of Maximum Speed
Date of Haximem Speed

10- Ambient Temperature

Mean 10C)
Marximum (OC)
Date of Maximum
Hinimua {°C)
pDate of Minisum

10-@ Dew Po)ni

lemperature'®
Mean (2C)

Maximum {°C)
Date of Maximum

Mintmua (OC)
Date of Rinlous




Sumesry of Meteorologl el Data

tur Jenusry 1, 1985 through

100-m Wind

Me an u:p,&t‘ {mph )

Maximum Speed {mph)
pirection of Maximums Speed

Date of Haxisus Speed

Specd (mph)

wim Spesd {mph )

tion of MHaximum Spred
of Maximm Speed

Wind

Mean Speed {mph)

Maxioum Speed (mph)
pirection of Maximu® Spee
pate of Haximum Speed

4

10-m Asbient Temperature

Mean {(Degree C)
Hoae mum ihrg-v'
pate of Maxisum
Minimum (Degree

pate of flnisue
10-m Dew Point Temperature

Mean (Degree C)
Maximum (Degree L)
pate of Maximum
Mintsmus (Degree
Date of Minisue

Measur

Decexbear




Summary of Meteotological Dats Messured at the
for Jaauary 1, 1986 through December 31, 1986

00-m Wind

Mesn ‘w.yvr("f (m‘i‘,"

Maximum Speed (mph)
birection of Maximum Speed
Date of Moximue Speed

(0-m Wind

Hean Speed {(mph)

Maximum Speed (mph)
Direction of Maximum Speed
Date of Maximum Speed

10-m Wind

Mean Speed (mph)

Maxiounm Speed (mph)
pPirection of Maximum Speed
Pate of Maxiaum Specd

10-m Anbient Temperature

Hean (Degree C)
Maximum (Degree
Date of Manimus
Hininus (Pegree
Date eof Minioue

10-m Dew Point Tempersture

Mean (Degree C) ] 5. 3 8 > 4 y ?
Manimum (Degree ( ; o8 ; 21, ) 5. 11. 23.4
Date of taxinuw ! ] 9 ! )0 ! July
Minfous (Degree ( (6.2 23 17.8 0 ] 3 " 2 20.0 7§ vl W
Pate of Monisum Y& ! ’ } i i 26 ) an
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Summary of Metsorvliogicnl Data Messured st the Cooper

for Jenuary 1

R8s dind

Mean Bpesd (mph)

Maniom Bpesd (mph '
Digsethion of Mexiowm Hpesd

Peve of Mitivm Bpeed
w

§0-3 Mind
Hean Bpaed (mph)

Manimam Spsnd foph)
Diretbion 6f Maximum Spead

Bate of Hamiowsm Speed

15+ Hind
Hean Bpeed (¢ )

Makimus Speed (mph)
Direst.on of Maxiaman Spesd

Daté of Mawimus Bpeed

ARzm Amblrod Ieeweiaiuis
Mean (Dagren ©)

Mamimus (Deghoee

Date of Maximun

Minious (Degree C

Date of Minious

Aom Day Roind Teomdsakurs
Mean 'Dagres ©)

Hanismme (Degres ©)
Dass of Manmisnm
Minimws (Degree C

Date of Mianisus

\988 throush Decesber 31

1908

Nuclear

Stetior
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Tobie 51V Sumemnry of lieteorclioghcasl Dets Nesmared &2 the Cooper Muciesr Stat lon
for Jarwery 1, 1999 theowgh Decsbear 31 1999

R Apr ___Way hn M Ay s

.

100-= Wind

Mpwy Speed (mph)
2ax i Speed (aph)
Date/Mour of Maximm Speed

&0-m Wind

Hewr Speed (mph) . 12.5
Max i Speed (mph) : < L5 98
Date/Mow of Maxienm Soeed 13r21

0-® Wind

Nes Spead (sgh)
faxime Speed (wph)
Date/osr of Maximm Speed

10-m Asbient Jusperstise

floan (Degree C)
Baxime (Degree C)
vete of Naximm
Riniemm (Degree C)

Date of Rinimmsm
10-@ Dew Point Tesperafure

Seean (Degree ()
Sax immm (Degres C)
Dare of Maximm
Hinimm (Peogree C)

Oarte of Winiousm

* §99 = Dermtes Rissing Date
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where z = height abov. ground and z, = roughness length, both expressed
in meters. In open terrain, z, may vary from, say, 0.03m to 0.10m. In
this report the reduction of the data to an elevation of 10m is based on
the assumption z, = 0.05m. It can be verified that the errors inherent
in the assumption z, = 0.05m -~ when in fact the values z, = 0.03m or

z, = 0.10m vere correct -- are seall (of the order o. 1% or 2%),

An approximation to Eq. 2.4.1 is given by the power law

a -
U -~ 2z (2.‘.‘-)

where, for open terrain conditions, it is generally assumed 0 = 1/7 (3).
1t is noted that Egq, 2.4.]1, and therefore its approximate equivalent
given by Eq. 2.4.2, is valid for mean wind speeds averaged over a rela=-
tively long time intarval, e.g., one hour. The question thus arises of
expressing the variation with height of the fast.st-mile wind speed,
which is averaged over a relatively short time (30 tn 90s or so).

To obtain an approximate expression for the fastest-mile wind pro-
file, note that it may be assumed, approximately,

Upk ~ VYt L1 (2.4.3)

where U . = peak wind s,eed, Ug, = fastest-mile speed, and U = hourly

mean speed (see, e.g., Reference 4, p. 62). The expression for U, can,
in open terrain, be written as

S Iy
U (2) =UC2) +3u? (2.4.4)
1/2
1
where u = r.m.5 of longitudinal velocity fluctuations, and
172
w? « YQ10) (2,4.5)
in A0
o

where z, is expressed in meters (see Referemce 4, pp. 45 and 54).

It can be verified by us.ng Equatioms 2.4.1, 2.4.3, 2.6.4 and 2.4.5
that, within the anenometer elevation range of interest in this report,
it is possible to write approximately

8



vhere z is expressed in meters. The errnrs inherent in Equation 2.4.6
are of the

order of =1 to 3X,the higher errors being
side

ground

on the couservative

{.e., yielding slightly higher fastest-mile values at |0m above

"exact” expression). Eq. 2.4.6
corrected speeds at 10m above ground in

than would be obtained by 2 more
has been emploved to obtain the
this report,
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o, and y ar parameters,
Actually shown to be 2

however, 1t
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fol ‘ \iom variable X with probabi
D and en an integer sample size n, it is possible fr

as
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(e.B.; the mean, the median
use the median as & meas
the distribution of the
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in Eq. 3 3 these medians
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the data set was generated by the distribution D, then aside from
and scale factor, i1l be approximately equal to M,(D) for
so the plot of X, v us M, (D) [referred to as probability
be approximately
unity value {1
to the data, t
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18 Youe & ® (1.e., if the extreme value type | distribution provides the
best fit), then

Gy (p) = =1ln(=1n p) (3.1.8)
Yopt

In effect, the procedure described in this section is an automated
¢tquivalent of probability paper plotting in which 46 types of probability
paper, corresponding to 46 extreme value distributions, would be used and
in which fitting would be carried out on the basis of the least-squares
mechod, rathev than by eye,

3.2 PROBABILITY PLOTJ

A majority of the Type I prcbability plots generated by the computer
from the data taken at the 129 stations fit a straight line reasonably
well (see, e.g., plot included in computer output for Ely, Nevada,
Section &), However, in a number of cases the fit was relatively poor.
A discussion of various ressons leading tuv a poor fit is presented
in Section 3.5, To provide an idea of various types of Jeviations from
a Type I distribution, probabiliry piots were included in Section 4
for the following stations: Indianapolis, Indiana; Des Moines, lowa;
Topeka, Kansas; Wichita, Kansas; Boston, Massachusetts; Nantucket,
Massachusetts; Detroit, Michigan; Crand Rapids, Michigan; Minneapolis,
Minnesota; Missoula, Montana; Omaha, Nebraska; Valentine, Nebraska; Ely,
Nevada; Albugquerque, New Mexico; Albany, New York; Abilene, Texas; and
North Head, Washington.

3.3 ESTIMATION OF SAMPLING ERRORS

As indicated in Section 1, the computer output of Section 7 includes
estimates of the standard deviation of the sampling errors, i.e., errors
that are a consequence of the limited size of the data sample from
which the Type I distribution parameters are estimated. Two such esti-
mates were used, One estimate is based on the method of moments and
has the following expression given by Gumbel in Reference 6 (pp. 10,174
and 228): /

2 ' 2172 %
('_f_‘,_+ 1.1396(y~0.5772) 4 j.1(y~0.5772) }l/Zé (3.3.1)
Ve

SD(VN) =

in which SD(GN) = the (estimated) standard deviation the sampling error
in the e:timation of the N-year wind
y=-la [ -la (1 - ) (3.3.2)

g = the estimated value of the scale parameter; and n = the sample
size.

14




5=
AP ™ SEFE-CcCY
(A7
A lower bound for the estimated sampling error is giveén by the
following expression:

SD{%\) = (0.60793y? + 0,514y + 1.10866)1/2 7& e

where the notations are the <ame as in Equation 3.3,1, Equation 3.3.3
{s commonly referred to as che Cramer-Rao lower bound (7).

3.4 SUMMARY OF RESULTS

The results of the analysis are summarized in Table 3.4.1, in which
the following notations are used:

n = sumple size
X = sample mean
s = sample standard deviation

Yaax * sample maximum

Yopt = value of optimal tail length parameter (see section 3.1

v, = estimated extreme wind corresponding to a n-year return
period, based on Type I distribution

ppec = probability plot correlation coefficient (see Section 3,1)
for Type 1 distribution

<>

50 = estimated 50-year wind speed

¢ )
SD(VSO.

estimated standard deviation of sampling error for 50-year
wind speed.

15




£ t ]2 tations listed in Table 3 o'k 3 5> stations [marked witth

{ perscript in lable J,4,1 and listed ir ppendix || have been

be divided into three categories characterized by the value of the

"

ptimal tail length parameter ! as shown ir able 3.°

. Number of Stations Percentage

able 3.5.1 are in qualitative

und f )t analysie reported in Reference 8, |
which all sample sizes were n = 37, This tends to confirm the aypo~ ‘
es advanced in Reference 8 to the effect t
behaved win imates, the best fit of a Type II (rather than Type I
18 a set { extreme wind data might be attributed ¢t a

hat, for stations in well~- ‘
t ength parameter. This !
%4 " i
ibility that stations exist for
“hi a Type Il distribution might provide an appropriate description
1

»

ne wind climate: owever,

ng to the results of both Re

-

erence |

hle J.5.1, the number of such stations, if they exist., is very
kel t be small, Thus, it appears justified to ascume, as in Rafer
f that the Type I distribution of the largest values provides
general a better icn of the wind climate than Tvpe II distri-

the tail length parameter (say, 2 < Y * L)

¢
N
e
™
L
>
on
>
¢ 4
vt

N T N
i N AND THE

‘L 1s shown in Reference 9 (see also Reference 4, p. 423) that, if

‘ variate XA has a Type I distribution, the mode of the largest value in
' sample of n values of X is very nearly equal to the value of the
ariate fresponding to the mean return period n (recall that the mode
{ a variate X {s t value that variable most likely to occur in any
given trial T+ —— “

1), t can be seen | m Table

t
ta ot *49 large, the ratio - vﬁ isg ndeed close to unitv.
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NATIONAL SEVERE STORMS FORECAST CENTER
TORNADO DATA

The enclosed tornado listing provides information on all reported
tornadoes in the area indicated since 1950. The varicus entries,
and tables are explained below. II you have additiconal
questions, please write or call the National Severe Storms
Forecast Center, Room 1728, 601 E. 12th St., Kansas City, MO.
64106, phone (B1lf) 426-3367.

The item-by-item listing shows the year, month, date and time of
occcurrence of each tornade in Central Standard Time.

The columns labeled SEQ and SEG indicate the sequence number and
segment number of each tornado. Sequence numbers are assigned
chronvlogically within each state. The first tornado in 1873 in
Ohioc is given sequence number 1 for the state of Ohioc that year.
Many tornadoes have lengthy paths that cross county or state
lines. Some change direction quickly. In such cases the tracks
are broken into segments that are¢ denoted by segment numbers. A
tornado with 3} segments has the same seguence number, but 4
different segment number, for each separate segment. The
statistics in the tables are basel only on the initial touchdown
points.

The Latitude and Longitude of the beginning and ending points of
each tornade are shown followed by the overall length and width.
Deaths and injuries for each segment are listed, followed by
Damage Class. Damage Class numbers range from 1 to 9 and provide
an estimate of the damage according to the table (#1) below.

The columns labeled FPP provide the Fujita-Pearson scale
estimates of Force, Path Length and Path Width. All three scales
are logarithmic-with values ranging from “"-" for the smallest
category to +5 {oHr the largest.

Tre following table (#2) shows the range in each scale. The Path
Length and the Path Width values represent estimates as to the
actual amount of ground contact for each tornade. For instance,
if & tornade had an overall length of 45 miles but made actual

ground contact only 60 percent of the time the Path Length scale
value would be a 3.

The AZRAN column indicates the azimuth and range from the center
peint. 129/83 indicates the tornado touchdown was 129 degrees
(southeast) at 83 nautical miles from the center point.

A circular plot of tornade touchdown points is enclosed. The
city of interest is at the center of the plot, north is at the
top, east at the right, etc. Each digit represents the number of
touchdowns in a small square area, about 2 miles on a side.

Thus, what might be plotted as 21 actually represents 2
touchdowns in one square and 1 touchdown in the adjacent square.
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The four frequency tables provide detailed information about the
time of day, time of year and length and width characteristics of
tornadoes in the area of interest,

The Path Width vs Path Length table 1is computed from the Pl and
Pw data. Also, the mean path length and mean path areas are
computed from the Pl and Pw data. When the length and width
scale values are -onverted back to length and width figures the
minimum values in sach range are used. For example, a Pl value
of 3 is converted tu a length of 10 miles in the calculation.

The monthly and hourly distribution tables indicate the favored
times of day and year for tornadoes in each area. Monthly and
hourly percentages are shown on the hourly distribution *able.
Mean times are shown for each month and for the entire year.
These times should be interpreted and used in cenjunction with
the hourly percentages in examining the diurnal trend of
tornadoes. All times in these takles are Central Standard Time.

The latitude and longitude of the center point used by the search
procram is listed at the upper right of the Hourly Distribution
Table. These figures are in degrees and hundredths. The map
scale used in the circular plot is compatible with the WSR 57
radar map, 125 nautical mile range.

Table #1 (Damage Class)

Less than $%50

850 to $500

$500 to $§5,000

$§5,000 to $50.000

$50,000 to $500,000
$500,000 to $5 million

$5 Million to $50 Million
§50 Million to $500 Million

-0 n & L

Table #2 (FPP Scale)

Scale F (mph) Damage Pl (miles) Pw (width)
- Less than 40 (little or Less than .J Less than 6
no damage)

0 40-72 Light 0.3-10 6~17 yds
1 73-1123 Moderate 1.0=-3.1 18-55 yds
2 113-157 Considerable 3.3-9.9 56-17%5 yds
3 158-206 Severe 10-31 176~-556 yds
4 207-260 Devastating 32-99 0.3-0.9 mi
g 261-318 Incredible 100-315 1.0-3.1 mi
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