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EXTREMAL SIGNIFICANT WAVE HEIGHT DISTRIBUTIONS
COMPUTER PROGRAM: WAVDIST (MACE-17)

PROGRAM PURPOSE: The program WAVDIST estimates the paraméters of three
cbmmon]y applied probabi]ity distribUtions used in the prediction of extreme
wave conditions, The pfogram, in its present form, assumes that all the wave
height properties of a storm sea can bé,represented by the signif?taht'or
spettra11y based (zero moment) wave height. Extremes are typically defined as
those events in which the peak conditions of the storm exceed a subjectively
set threshold. It is suggested that this threshold be set to yield an annual
average number offeXtreme events of one or more. A discussion on the

confidence of predicted extreme values 1is giveh in CETN-I-5.

PROGRAM CAPABILITY: The program NAVDIST,Computes the parameters for each dis-
tribution by a least squares fit for up to 200 extreme wavefheight va1ues
entered via the keyboakd. The parameters, mean, and variance of each dis-
tribution are printed, The output also includes several goodneés of fit
criterion for each distribution fitted: the non-linear corré]étion, the sum of
the squared residuals, the'standard error of the estimate, and the mean square
deviation. The average number of extreme events per year (a]so,termed the
Poisson lambda parameter) is also included in the printout. A return period
table and an optional residual table may also be printed for each dis-
tribution. Alternate versions of WAVDIST that plot the data and the fit of

~ the d1str1but1ons on an HP 7475 pen p]otter or on

'”vers1on that est1mates the parameters by the method of moments are avallable.

BACKGROUND: Three of the most frequent]y used probability distributions for
descbibing extreme wave statistics are the three fitted in this program:

(1) Extremal Type I (also termed Gumbe1 and Fisher-Tippett Type 1)

(2) Weibull

(3) Log-Extremal

U. 8. Army Engineer Waterways Experiment Station, Coastal Engiheering Research Center
P. O. Box 631, Vicksburg, Mississippi 39180




Table 1 summarizes the properties of each distribution. The cumulative form
~of these distributions is for non-exceedance of a random variable signiticant

(or zero moment) wave height denoted by Hg. A specific siynificant wave
height is denoted by Neo
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In order to fit the distributions by the method of least squares, a non-
exceedance probabf1ity must be assigned to each signifiCant wave height The
data are first ranked by ascend1ng s1gn1f1cant wave he1ght It "m 1s used to
, denote its rank, w1th m=1 correspond1ng to the smallest Hg and m= k
corresponding to the 1argest He in a sample containing K storms a simple
measure of non-exceedance for each He va]ue with a rank of m is m/(k+1l). [he
method of least squares minimi zes the sum of the squares of | the vertical .
dwstances between the proposed theoret1ca1 cumu]at1ve d1str1but1on and
m/(k+1). ' '
SELECTION OF A DISTRIBUTION: A corré1ation coefficient, r, between U and 1 is
printed with each residual table and is calculated by the following formula:

where : k= the number of storms
Yo o m/(k+1), the plott1ng formula for cumulat1ve
probability of non~exceedance '
?mf= F(Hgp) s the probabilities estlmated by the .
- 1eas¥ squares curve :
Y = 1/2, the mean cumulat1ve probab1]1ty

The distribution with the 1argest pos1t1ve correlation coeff1c1ent is usually
the best cho1ce. If two or more of the d1str1but10ns,appear to fit equally
well, the one that fits the laryer values of H¢ better is probably the best

Choos1ng the d1str1but1on w1th the smallest res1dua|s,1Y - Ym , for the
~ larger values of He. The res1dua]s can be exam1ned in the res1dual tab]e
~wWhich is opt1ona]1y pr1nted :

'RETURN PERIODS: The return period in years cohresponding to a significant

wave height of'hS is denoted by RT(hS) and is defined by the followiny

formu1a:




RT(hg) = 1/ (1-F(hy))

where ) is the Poisson lambda parameter, The return period is defined so that
a RT(h) year wave is expected to be exceeded once every RT(hg) years. A
return period table is'inc1uded in the oUtput for each distribution.

The number of storms occurring per unit time is assumeduto be a random

variable best modeled by the Poisson distr1bution., The Poisson distribution
isfcharacterized by a mean value of x, which in this case is the average
number of storms per year, The value of A is calculated as the number of
storms divided by the period of record in years and is printed by the
program, The probability densxty of the Po1sson distribution is given by the
fo]]ow1ng formula:

p(k) = xeﬁw 'k=o,L2,.....,

PROGRAM APPLICATIONS The probab111ty distributions ca]cu]ated by wAVDIST are

useful in a wide variety of coastal engineering applications including
formulation of design criteria for coasta] structures, risk analysis, and
estimation of long-term average or “eXpected“ effects of varying wave
heights. The output of WAVDIST also has been designed to support MACE
programs BWLOSS1, BWLOSS2, and BWDAMAGE which deal with cost—effettive
optimization of rubblemound breakwaters (Smith, 1985).

~ PROGRAM LIMITATIONS: The user should be cautioned on "mixing populations.”
An,example'of this would be to input both tropicai storm data and winter storm
data into one running'of the program. This violates the assumption that the
data form an independent identic&]ly,distributed random sample. The program
does not account for'possibTe depth limitations of the waves however, the
Weibull d15tr1but1on can be adapted to account for these depth limitations
(Isaacson and MacKenzie, 1981).
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the parameter a, it is recommended that care be taken when the estimated value
of o falls outside a range between .75 and 3.0. This range of o values
defines a family of curves 1hc]ud1ng the exponential and RayTeigh distri-
butions, which are widely used for modeling wave data. Any a values outside
this range may lead to unsupported extrapolations. . '
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PROGRAM AVATLABILITY: WAVDIST is available for the IBM PC on a 5-1/4-in.
diskette in Microsoft BASIC and FORTRAN or as a printed proyram listing.
WAVDIST may'be obtained from Ms. Gloria J. Naylor at (601) 634f2581'

(FTS b42-2581), Engineering Computer Programs Library Section, Technical
Information Center, U.S. Army Enyineer waterways Experiment Station,

P.0. Box 631, Vicksbury, MS 39180-U631, WAVDIST is also available as a
listing in FORTRAN IV as implemented on the WES Honeywell DPS-8 mainframe.
Alternate versions ot WAVDIST and their functions are listed in the table

below.

. Program Title - Least Squares Moments: ' Graphics’”'
WAVDISTL ,  Yes Mo ¢ g
WAVDIST? Yes Yes No
WAVDIST3 ,  Yes .y ves
WAVDISTA  Yes Yes  Yes

Questions regarding the technical details of WAVDIST and its appiiCatiOns may
be addressed to Mr. Doyle Jones (6Ul) 634-2069 (FTS 542-2069). '
PROGRAM INPUT AND OUTPUT: The necessary pfogram input and output are
demonstrated by the following sample interactive session, which shows only
the Extremal Type I results for brevity., The complete outpUt,provides '
similar results for the Weibull and Log-Extremal distributions.

SAMPLE PRUBLEM: An analysis of 20 years of hindcast data revealed 22 évents

 where peak zero moment wave heights exceeded 12.0 ft.

**************************************************************

L  MAisty .. ... . VERSION 5-86. ... ... ... ... ..

*
*
* WAVDIST1 IS AN INTERACTIVE PROGRAM WHICH FITS THREE

* TYPES OF LONG-TERM WAVE DISTRIBUTIONS TO HISTORICAL

* EXTREMAL WAVE HE|GHT DATA : :

* (1) EXTREMAL TYPE | (ALSO GUMBEL OR F|SHER-TIPPETT)

* (2) WEIBULL ' '

* (3) LOG EXTREMAL , o , ' ' '

* THE PROGRAM ESTIMATES PARAMETERS FOR THE DISTRIBUTIONS
* BY THE METHOD OF LEAST SQUARES. INPUT DATA CONSISTS OF

* THE SIGNIFICANT WAVE HEIGHT ASSOCIATED WITH EACH STORM,

* THE NUMBER OF STORMS, AND THE TIME INTERVAL IN WHICH

* THESE STORMS OCCURRED. OUTPUT CONSISTS OF THE PARAMETERS,
* MEAN, AND VARIANCE FOR EACH DISTRIBUTION FUNCTION, A

: RETURN PERIOD TABLE, AND AN OPTIONAL TABLE OF RESIDUALS.

*************************************************************
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~ ENTER WAVE HEIGHT

IS DATA LOCATED IN A FILE (Y OR N) 7 N
DO YOU WiSH WAVE HEIGHT DATA STORED IN A DATA FILE Y OR N 2N

INPUT THE NUMBER OF STORMS You HAVE ? 22
INPUT THE TIME INTERVAL IN YEARS IN WHICH THE STORMS OCCURRED? 20

INPUT THE SIGNIFICANT WAVE HE | GHT FOR EACH STORM - ONE AT A TIME

EXAMPLE: 7.6 <CR>

WAVE HEIGHTS UNITS SHOULD BE CONSISTENT,
35

ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT

ENTER WAVE HEIGHT
~ ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
 ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT
ENTER WAVE HEIGHT

VUV

?

34.
3@.
29

28.

24,
24

VVNVNVVVVN VNI

23.
23.

Ofm“®r4

22.
22,
19.
19.
19.
19
17.
16.
15,

7
9

WO AOOA®

_ PRINT RESIDUAL TABLES (Y/N) 2 Y

'DURING A PERIOD OF 20 YEARS 22’ STORMS OCCURRED
POISSON LAMBDA PARAMETER IS 1.1 STORMS PER YEAR

MEAN OF SAMPLE DATA

= 21.655

STANDARD DEVIATION OF SAMPLE = 6.878

LEAST SQUARES RESULTS , - ' - , - |

EXTREMAL TYPE |

F(hs)-Pr(Hs<hs)- EXP( EXP( (hs EPSI)/PHI))

EPS| - 18,325
PHI = 6.321
MEAN = 21.973

 VARIANCE = 65.729

STD. DEV. = 8.187
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ORDER XVALUE YVALUE YEST DIFE
1 12.0 B435 0659 02241
2 12.0 0870 0659 .02106
3 12.3 . 1304 0747 5568
4 13.3 1739 1292 . 06467
5 16.9 .2174 . 2305 21311
6 16.5 . 2609 - .2633 .20239
7 17..6 . 3043 . 3258 02145
8 19.0 <3478 L4071 5928
] 19.4 .3913 .4302 .03887
19 19.8 .4348 4530 .01823
11 19.8 . 4783 4530 02525
12 k2.4 5217 5917 06293
13 22.6 5652 6014 03629
14 23.3 .6087 - .6343 L, p2564
16 23.9 +6522 6610 20886
16 24.0 6957 6653 .03331
17 24.9 7391 7023 03682
18 28.1 . 7826 8081 02554
19 20.0 . 8261 .8313 02523
20 - 30.9 . 8696 .8722 20262
21 34.7 .9130 .9278 D1472
22 35.0 . 9565 .9312 02553
NON-=L INEAR CORRELATION 18 2.9923153
SUM SQUARE RESIDUALS IS 0.0256283
- STANDARD ERROR IS 2.0357968
MEAN SQUARE DEVIATION IS 0 .0266467
RETURN PERIOD TABLE
YEAR - - HS
5.0 28.48
10.0 33.18
25.2 39.16
- 50.0 43.60
120 .0 48 .01
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