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ABSTRACT

This report presents the results of the analysis of a limited sample
of wave spectra obtained for Station ‘Kilo ’ in the North Atlantic (93

records). Correlation of measured parameters, such as wave height and

period, with surface log data (wind speed , observed wave height) is pre—

sented.

Wave spectra were grouped by height and by period and resulting aver-

age parameters compared . Plots are given of the spectral families. Be—

cause of the limited sample available for Station K, results are less con-

clusive than for Station I.

FOREWORD

This report is a supplement to, (Wave Data Application for Ship Response

Predictions”, by D. Hoffman, which is the final report under Contract No.

N00014—73—C—OlOl. . It is similar in scope and format to the SNANE report,

“Analysis of a Stratified Sample of Ocean Wave Records at Station ‘India’,”

‘by D. Hoffman and N. Miles, based on (1) and (4).
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I. INTRODUCTION

The obj ect of this study was to select a limited stratified sample of
wave records from Station ‘Kilo ’ in the North Atlantic in a similar fashion

to that used in selecting the Station ‘India ’ sample (4). Thus equal prob-

ability of seasons was maintained , and all records of Beaufort No. 6 and

above were automatically included . A spectral analysis of each record was

performed , and the maximum mean—to—peak value and mean period were determined .

The spectra were then used to study the statistical properties of various

spectral parameters and were correlated with parameters of log book data,

such as wind speed, direction, etc. Finally , a spectral family based on

Station ‘Kilo’ was obtained , limited somewhat by the data sample available.

This was then compared with the similar, more extensive, spectral family gene-

rated for Station ‘India’, and the effect on several ship responses was

studied .

The location of ‘Kilt” was 45° N., 16° W.

II. METHOD OF SELECTION

The 93 records from Station ‘K’ used in this wave study project were

selected to reflect an equal breakdown into seasons. They were all recorded

at noon, and constitute a fairly representative sample of wind speed varia-

tions. The seasonal distribution of data closely follows that of Station

‘India’ described in (1).

The wave records were obtained by two different weather ships fitted

with Tucker wave meters over a period of 13 years (1955 to 1967). The data

from the two weather ships (OWS Weather Explorer and OWS Weather Reporter)

were selected by Webb Institute from the files of the National Institute of

Oceanography in Great Britain. The data were obtained in the form of photo-

cop ies of paper strip charts.
A list of the records selected , with their appropria te wave parameters

and correspond ing surface log data , is presented in Table 1.

i
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Table I

Wave Characteristics and Surface Log Data
Ob.

Wind Wave Ob.
Record Date }I(l/3) T(—1) T(1) T(2) Wind Direc . Ht. Period

N No. Dy—Mo—Yr (Feet) Sec . Sec. Sec. Speed (Deg.) (ft.) Sec.
Explorer

1 2001 4—9—55 3.990 8.86 7.73 7.18 18 250 3.0 8.5

2 6006 5—9—55 7.524 7.30 6.36 6.00 24 340 5.0 8.5

3 2002 6—9—55 6.171 10.08 8.91 8.21 13 200 5.0 10.5

4 2003 9—9—55 10.875 10.49 8.76 7.78 8 320 11.0 10.5

5 2004 12—9—55 8.283 8.95 7.68 7.10 22 0 8.0 10.5

6 2005 16—9—55 5.497 7.44 6.79 6.46 10 340 6.5 10.5

7 2006 17—9—55 8.756 10.04 8.68 7.93 15 80 6.5 12.5

8 2007 23—9—55 11.014 10.27 8.97 8.23 15 280 8.0 10.5

9 2008 26—9—55 4.642 4.71 4.54 4.49 11 0 5.0 6.5

10 2009 9—3—56 14.742 8.44 6.97 6.36 24 180 7.25 8.5

11 2010 12—3—56 16.411 13.53 11.56 10.24 10 140 14.0 14.5

12 2011 13—3—56 16.622 9.28 8.07 7.41 18 290 13.0 12.5

13 5001 21—3—56 32.905 11.23 9.17 8.10 37 300 14.0 12.5

14 2012 24—3—56 17.525 9.30 8.29 7.76 35 290 14.0 10.5

15 2013 26—3—56 8.964 8.25 7.28 6.81 16 270 8.0 10.5

Reporter
16 2014 11—3—59 21.436 12.08 10.37 9.40 31 250 9.5 10.5

17 2015 12—3—59 12.836 12.33 11.13 10.30 13 200 8.0 12.5

18 2016 23 3 59 14;57l 10.56 9.26 8.60 40 290 9.5 10.5

19 2017 26—3—59 8.251 9.75 8.83 8.27 22 200 6.5 8.5

20 6005 28—3—59 14.019 11.87 10.53 9.61 19 230 6.5 10.5

21 5002 29—3—59 29.635 14.16 12.36 11.19 28 280 13.0 14.5

22 2018 17—9—59 4.640 8.90 7.82 7.29 26 290 14.0 6.5

23 2019 19—9—59 4.399 8.34 7.46 7.06 22 320 9.5 8.5

24 2020 20—9—59 3.298 9.16 8.25 9.81 14 220 1.5 5.0

25 2021 21—9—59 7.759 11.98 11.05 1037 16 220 5.0 10.5

26 2022 23—9—59 7.139 11.82 10.70 9.97 5 130 0 0

27 6004 26—9—59 9.943 11.11 10.14 9.51 16 290 6.5 8.5

28 2023 27—9—59 6.073 9.97 8.91 8.32 38 320 6.5 8.5

29 2024 1—10—59 8.921 8.33 7.46 7.00 8 180 0 0

30 2025 2—10—59 7.088 8.95 8.16 7.74 14 200 3.0 6.5

31 2026 3—10—59 8.452 10.46 9.37 8.45 27 0 3.0 6.5

32 2027 5-10-59 16.059 9.81 8.68 8.09 22 50 11.0 8.5

33 2028 4—4—60 10.281 10.03 9.12 8.56 27 210 8.9 10.5
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Table I (Cont ’d)
Ob.

Wind Wave Ob.
Record Date H(l/3) T(—1) T(l) T(2) Wind Direc . Ht. Period

N No. Dy—Mo—Yr (Feet) Sec . Sec . Sec. Speed (Deg) (ft.) Sec.

34 2029 11—4—60 7.388 11.10 10.10 9.51 8 340 8.0 10.5

35 2030 13—4—60 7.911 12.05 11.03 10.31 18 280 8.0 12.5

36 3001 1—4—63 9.168 9.08 7.95 7.40 6 180 0 0

37 3002 3—4—63 4.506 9.36 8.19 7.63 13 110 3.0 6.5

38 3003 7—4—63 15.795 7.94 7.18 6.77 37 90 11.0 10.5

39 3004 8—4—63 6.873 8.89 8.00 7.00 8 160 1.5 6.5

40 3005 14—4—63 10.381 9.11 7.86 7.29 35 210 11.0 10.5

41 3006 17—4—63 13.453 10.24 9.23 8.60 19 270 9.5 8.5

42 3007 20—4—63 25.588 11.28 9.80 8.89 40 270 1.5 10.5

43 3008 22—4—63 18.914 10.74 9.50 8.77 42 300 11.0 10.5

44 3009 25—4—63 7.795 9.43 8.59 8.12 8 30 3.0 8.5

45 3010 29—5—63 6.562 9.55 8.25 7.58 71 40 5.0 6.5

46 6003 1—6—63 11.295 10.39 8.90 8.11 21 50 6.5 8.5

47 3011 7—6—63 4.970 6.43 5.95 5.73 14 190 9.5 6.5

48 3012 9—6—63 5.222 7.87 7.33 7.06 2 10 0

49 3013 10—6—63 3.599 5.70 5.20 5.02 15 160 9.5 6.5

50 3014 13—6—63 3.661 9.02 8.10 7.65 25 250 1.5 5.0

51 3015 15—6—63 3.184 11.66 10.59 9.84 10 320 1.5 6.5

52 3016 28—11—63 11.316 7.70 6.95 6.59 18 340 5.0 5.0

53 3017 29—11—63 10.075 8.90 8.10 7.64 7 180 0 0

54 3018 30—11—63 19.072 14.11 11.73 10.34 25 320 6.5 8.5

55 3019 2—12—63 26.124 11.67 9.92 8.95 36 20 5.0 12.5

56 6002 3—12—63 9.084 9.54 8.52 7.96 5 40 0 0

57 3020 4—12—63 14.202 10.20 8.77 8.00 22 290 6.5 6.5

58 3021 5—12—63 12.521 9.32 8.40 7.88 30 50 5.0 6.5

59 3022 6—12—55 10.318 9.06 8.38 7.99 25 90 5.0 6.5

60 3023 7—12—63 
- 

9.511 9.00 8.22 7.77 12 50 6.5 6.5

61 3024 9—12—63 5.062 10.73 9.51 8.80 17 180 0 0

62 3025 11—12—63 18.663 12.45 10.69 9.64 6 300 1.5 5.0

63 3026 12—12—63 19.91.5 13.20 11.94 11.00 13 340 6.5 6.5

64 3027 14—12—63 25.747 9.75 8.71 8.07 37 80 11.0 10.5

65 3028 15—12—63 22.559 10.43 9.28 8.61 35 100 13.0 8.5

66 3030 16—12—6 3 24.961 9.86 8.51 7.88 38 110 11.0 8.5

67 3031 17—12—63 17.074 9.92 9.01 8.48 38 140 6.5 8.5

68 3032 18-12-63 18.455 12.17 10.69 9.84 5 180 0 0

69 3033 19-12-63 12.756 10.86 9.65 8.99 18 80 3.0 5.0

-3-
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Table I (Cont ’d)

Wind Ob. Ob.
Record Date H(1/3) T(—1) T(l) T(2) Wind Direc . Wave Period

N No. Dy—Mo—Yr (Feet) Sec . Sec . Sec. Speed (Deg.) Sec.

70 3034 20—12—63 11.341 9.97 8.90 8.29 16 40 5.0 6.5

71 3035 23—12—63 12.206 9.69 8.77 8.23 19 50 3.0 5.0

72 3036 23—12—63 10.022 13.35 10.90 9.49 31 160 9.5 6.5

73 3037 24—12—63 17.299 13.14 11.18 10.02 37 200 13.0 5.0

74 3038 6—6—64 3.885 6.47 5.97 5.77 22 220 5.0 5.0

75 3039 7—6—64 5.217 9.58 8.21 7.46 10 210 1.5 0

76 3040 8—6—64 6.444 7.31 6.71 6.43 18 180 5.0 5.0

77 3041 11—6—64 6.628 12.93 11.20 10.11 23 170 5.0 5.0

78 3042 15—6—64 11.663 10.20 9.41 8.90 8 260 0 0

79 3043 18—6—64 3.280 8.23 7.50 7.06 4 320 3.0 5.0

80 3044 19—6—64 2.462 9.36 7.76 7.09 14 40 5.0 5.0

81 3045 21—6—64 3.730 8.66 7.75 7.28 22 80 9.5 8.5

82 3046 22—6—64 3.222 8.38 7.38 6.92 14 40 6.5 6.5

83 3047 28—6—64 6.051 7.86 7.15 6.81 7 20 0 0

84 6001 1—7—64 6.125 5.92 5.60 5.46 22 60 6.5 6.5

85 3048 2—7—64 6.258 6.23 5.81 5.62 22 60 5.0 8.5

86 3049 3—7—64 5.264 9.03 8.11 7.60 19 60 1.5 8.5

87 7007 27—2—67 13.674 8.19 7.19 6.75 27 230 9.5 8.5

88 7006 28—2—67 13.746 10.10 8.91 8.28 20 240 6.5 8.5

89 7005 2—3—67 12.335 11.27 9.89 9.04 9 80 1.5 5.0

90 7004 3—3—67 11.298 11.77 10.87 10.26 9 150 1.5 5.0

91 7003 4—3—67 7.144 10.08 9.00 8.44 11 260 1.5 5.0

92 7002 8—3—67 20.199 8.83 7.79 7.28 37 330 13.0 10.5

93 7001 9—3—67 16.558 10.21 9.13 8.45 25 250 6.5 8.5

-4-
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III. SPECTRAL ANALYSIS OF WAV E DATA

The analysis was accomplished in essentially three steps:

1) The records were digitized and recorded on magnetic tape.

2) The digital tape was loaded on a time—sharing system and
a raw estimate of the power spectrum was calculated .

3) This raw estimate was corrected for the effects of white
noise and then was mu ltiplied by a cal ibra tion fac tor
for the par ticular shi p in order to obtain the spectrum .

The procedure closely followed that described in (1) in analyzing the 323

Station ‘India’ records.

The first step was to digitize the records by using a Noratron Manual

Curve follower, a 12—bit analog—to—d igital converter and a real—time clock

connected to a PDP—8E mini—computer . The analog output of the curve follower

was sampled at a rate of 0.205 seconds, corresponding to a ship sampling rate

of 0.3059 seconds. A total of 2073 data points were taken for each 12—minute

record . These points were recorded on digital magnetic tape.

A raw estimate of the power spectrum was obtained using the procedure

given by Bendat and Piersol (2). The following steps were taken:

1) The data sequence was truncated to 2048 data points.
(The first 20 points were ignored , and the last five,
to allow for start—up and shut—down error).

2) Linear trends were removed by a least—squares procedure.

3) The data sequence was multiplied by a cosine taper
data window.

4) The Fourier coefficients were computed using a Fast
Fourier Transform technique.

5) The spectrum was computed and scaled .

6) The cosine taper data window was compensated for by
multiply ing this estimate by 1/0.875.

7) The resulting spectrum was truncated below a selected
cut—off frequency, in order to remove the effect of lo~~
frequency rumble in the shipboard rec order , as sugges ted
in (1).

8) Th is spectrum was then smoothed by taking an average of
-

~ 11 frequency components centered at a frequency spacing
of 0.05 radians/second . This gave 40 spectral estimates,
from 0 to 2.0 radians/second .

-5--
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The last step in this analysis involved the last seven freuency components

which were smoothed using a three—point average of 0.25, 0.5, 0.25. The

smoothed last seven points were then averaged to obtain an estimate of white

noise. This estimate was subtracted from the spectral estimate (negative

numbers being set to zero) to obtain a new estimate of the power spectrum , Sl.

This estimate was then multiplied by a calibration factor for each individual

ship to obtain the final spectrum , S2. Various spectral parameters were then

calcula ted , using the following formulas :
2

Variance = J S2 (w) dw = u2 = m

0

Sig. Wave Height, H1~3 
2.83 I~I~ 4 /~~

2v
T_1 = 

m 
(energy averaged period)

2 r m
= ° (average wave period)

1

~~in 1/2
T
2 

= 2lc
ç

_.-2
~) (average zero—crossing period)

m
2

where 2
m = J n 52(u ) dw

The spectral analysis by the method described was compared to that done

by the National Research Council (Canada), Marine Dynamics and Ship Laboratory ,

by using wave record 303 (8 December 1966) from Station ‘Ind ia ’. The compari-

son of significant wave height (H
113

) ,  the mean average per iod , T1, the zero

crossing period , T2, and the energy—averaged period , T 1, are tabulated in

Figure 1. The percentage differences between the NRC and Webb results are:

H
1~ 3 

— 4.97 %

+ 1.31 %

+ 1.28 %

T - 1.17 %

The + and — refer to the deviation of the Web b resu1t~ from that of Nrk , which

is considered to be the base value.

—6—
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IV .  CORRELATION ANAL YS~~

The most s i g n i f i c a n t  su r f ace  log param eters  have been f o u n d  to  be the

wind speed and observed wave height , which along wi th  the  ca l cu l a t ed  ne ar i

average wave per iod , T1, and wave he ight , usually expressed as the signifi-

cant wave height (H
113

) ,  or the mean of the one—third highest peak—to—trough
excursions in a sample , make up the basic components of the correlation

analysis. Also important in such an analysis are the frequency, wo, at which

the spectral ordinate is a maximum and the wave slope parameter , K, wh ich

is def i ned by:
0 2

= 39.2 K
‘i
ii 3

where 39.2 is a constant and

= —s— T =o 2r

The cor relation of wind speed and si gnif icant wave heigh t, as shown in

Figure 2 , is the most basic relation and has the most potential value since

it is the most often used method of describing wave generation. Although

the trends in the plot are relatively consistent , there is a scarcity of

data in the plot for the larger wave heights higher and wind speeds.

The relationship of observed wave heigh t (Hg) ,  and signi f icant wave

hei gh t (H
1,3
) is shown in Figure 3. Unfortunately, there is no data for the

larger wave heigh ts and thus a signi f icant trend cannot be established over
a f ull range of values as has been done in the analysis of da ta from Station
‘Ind ia ’ (1) and Station ‘Papa ’ (3). The basic assumption that H

~ 
= H

1,3 
is

also shown , and the deviation of the data about it can be readily determined .

The trend of underestimating the observed height at the lower wave heights

which was discussed in (4) is clearly indicated in this limited sample. The

standard deviation is also shown , indicating the typical scatter of signifi-

cant wave height over the range investigated .

The relationshi p between the significant wave height and the mean average

w~tve . p.riocl , T1 , ~s shown in Figure 4. Tie sorting was accomplished on the

h i s  o 1 wave band pen OLI S of one second , and a range of 6.5 to 11.5 seco n ds

is ;id~- atel y cover~- 1 , -i ith an .increa~ e in wave hoiH~ with period as expected .

4
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However , data above 10 seconds may be inadequate and are not necessarily

correct.

The relationship between the frequency at the maximum spectral

ord inate , and T1, the mean average period , is shown in Figure 5. It is of

special interest since it can he compared with the standard spectral formu—

lation through a simple relation between w0 and T1, as shown below:

4. 34= —

o

The actual data do not compare well against the theoretical line, and this
indicates the inadequacy of such mathematical spectral formulations for

describ ing the possible wave spectra over an en tire range of wave heigh ts

and periods. Figure 5 indica tes a fa i r ly good agreemen t in the range of T
1

between 7.5—10 seconds, or a peak frequency range of 0.45—0.65 radians!

second . Outside this, the error is substantial , particularly in the lower

periods. The trend shown is similar to that obtained from Station ‘Ind ia’

(1) and Station ‘Papa ’ (3).

The last correlation is between K~ and H
1,3 as shown in Figure 6. The

trend obtained is that previously illustrated from other spectral data, such

as ‘Ind ia ’ (1) and ‘Papa ’ (3) .
Tables Il—VI illustrate some of the actual values used in plotting

Figures 2—6 as obtained from the computer analysis. The number of samples

in each group is shown in order to indicate the reliability of the data.

Tables VII and VIII were not illustrated graphically, and they represent
the seasonal variation and the directional variation , respec tively,  of the

wave he ight.

*Def ined by:
A 1 2

h-—— = 39.2 K1 where 
~~~~ 

is the leng th of a wave having
1/3

period T1.
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Table II

Significant Wave Height vs. Wind Speed

ALL ::EH~~~~N

i i  :ri: :F-EED H’ I
E:e-Th~ I, i f~-j ME AN ‘ HLUE TP HtA ~~r L E - ’ . :AM F-LE -:I:E

— :L. . 5 . j~~ ‘:‘ . c i : 1
1 1 .3’) ~~~~:: ‘

~~~ ‘:‘ J ~~ :1 . 1:1 
_~1 ; ~ _ 2 . 1 :~

, 1:’
~~~~~~~~~~~~~ 12.UL ~

‘
~~ -a :~: 4~~~::.j  :3

12. u~ — 15 .0 :  7. :32- 4 .91~ 12
1 5 . 0 :—  18. 1:1 9 . 20  :3. 470 11
1 3 . : 1 —  2 1 .01  11 .5~- :3.29~) 5
2 1 . 0 1—  2 4 . ) 1  4 .127 12
24 .01— 27.01 10.3-3 5.0 59

~ ‘.c i t — 30 . 1:1 2 1. 4:8 :3 .557 2
3:4 .0 1— -33 .0 1 15.7:3 5.707 2
:33. 43 1— 36 .01 19.15 5.912 4
:3~~.~3 I—  :39.01 2 0 . 0 1  ‘ .514 :

:39. C i1— 42 .0 1  19. ’~.9 4 .53 1  .3
• 42 . 4 :4 1— 45.01 ~:‘ .‘:io IJ~~ U’i ’:

45. 0 1— ~~ .02 :. oc ci .
4:3 .432— 51.02 U.Ui) 4:4 .1:400 ,:i

51 . :2— 54 . ’:12 o .0’: C’ . IIJ~ ci
54 .02— s~ .02 0 .0 :  :.

- — 57 .32— 6 0 .02  U .:i :  o . ’:’ ’:’o
6 0 . 0 2 —  63 .02 c’ .c’ c’ O . 1J SJ IJ ci
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ii

P~~~ I~~ — P~~~ I1  II l i i i  I I  1 1 1 4 1 1  
— —  

I?

69. 7:42— 72. :2 5 .56 0 .0 0 0  - 1

Table III

Significant vs. Observed Wave Heights

OBSERVED HEIGHT SIGNIFICANT HEIGHT
BAND WIDTH MEAN VALUE STD . DEVIATION SAMPLE SIZE

< 3 . 0  9 . 2  5 . 6  21

3 — 6  8 .2  4 . 9  23

6 — 9  11.0 3.3 24

9—12 13.1 7.1 16

12—16 19.7 7 .6 9

16—21 —— —— ——
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Table IV

Significant Wave Height vs. Wave Period

ALL TEA G~1

F-E~~IDD—T 1 H .1 -:3 :
PAri~ II ILITH MEAN ‘-,-ALCE :LTANDA PD DEV . ::FiMPLE LIZE

1.01 II .::
1.’:’’:— .i:,i: i:i .:,,:i I:I .t J u

: :  
i:i
1:1

4 . ci ci . ci i : Ci . C’ ci:, ci
4 . 0 0 —  s . c u  4 .64 o . :40: 1
s. 00— 6 . 4.97 1 . 1 0’: 5
6.00— 7.00 9 .10 :3.44: : 5
7.0’ : — :~ .: u 7.79 4 .825 17
:3 .00— 9 .0 0  10.44 5 .3 60  :31
9 . 0 0 —  1 0 .0 0  i€ - .ss 7.2 54 15

i o . c c i —  ii .c’ o i t  .97 s — ç ~—! 10
11.00— 12.00 - 13~ 4:3 - 5.0:3 6
12.00— 1:3.00 29.5-3 0 .101 1

Table V

Average Wave Period vs. Spectral Peak Frequency

ALL :::EA:::DN

DMEI~A PEPIDD T1
E:AND 1,113TH F-lEAN ‘-ALL IE ::TANLiAF ~ : DE’ . : :AMPLE :LIZE

11. 1 —  c’ .~~’3 ( . 1:1 1) 11 .1i1 C’
11 .2,:,— :_ . ::::I ü ’T: ii LI .IJI . ci
ci .:30— .40 11 .:31 C: .415 2
0 . 4 : —  0 .50  10 .4- 3  1 . : 9 8  1-9
Ii ~~~ , —  H — n  = H -~~4
~~~~~ 1 . 7 11 :~: .,:-9 :7 .6:3-9 24

7 . 1 4  ‘:t .5 l ;~- 6
:1 . ::: ’— :1 .31 :1 7 . 2 6  ~‘ . 157 2

0.9 1,— t . o r s .~~s U . ‘:‘c c’ 1
I .~~~‘:i— 1.1’:’ 6 .02  0 .41~ 4
1 . i € ’ — 1 .2’) 5 .3 7  1’ . c : :  1
i.~

- ’:’— 1.3’:’ i:. ,: :, o . : c i u
4 H :~:,) — i . -~ :’ I. , I. 1.

1. ; - . : . s - - 4 .-:? . . .  
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Table VI

Significant Wave Height vs. Normalized Wave Period

—1 LL. :~~- :o~i(~~:~ ~~~~~ 
- - .

~ : 2 ~~~~~~~~~
’

)

I •- 1 - • H- I -- 3  - •

E iNri 1,1111TH MEA N VALUE :TANt’ARD 11EV . :AFIPLE 1:E
:1 . : : —  ‘ : .Lo  i:i.:ii) :‘ . ,:‘ ‘: ‘c a
~:‘ .20— : .4 i:i c~ . oct . i a
ci .4 0— ci .Si) 0 .0 0  0 . 0 0 0  U
0. 50— 0.3 ’ 2-3 .93 3 .372  2
0 . 3 ’: — t . : j  17.8:3 ‘ - .24-E’ 12

I . 0  14.03 .s-o’:’ 21
1.2’: — 1.4’) 10.3- 3 4 .15-3 24
1.40— 1 . 0  7.37 2.32 -3 12
1 .6 0 —  1.8’. 6 .15  1.715 -3
1.30— 2.0’: 4~~79 1.~~t6  3
2 . 0 0 —  2 .20  5 .35  1.458 3
2 . 2 0 —  2 .40  2.46 0. :400 i
2.41:1— 2 .60 :‘ .oo ci . 000
2 . 6 0 —  2 .30  3.13 iI . ,:l cI c, 1

DATA- OUTS-IDE RA N i E  -

Table VII

Significant Wave Height vs. Season

- x
- ~J I~ ~~~~~~~~~~~ ~~~~~~~~~

MONTH - - .-, - _

- - 
MEAN VALUE 3TANDA~~p DEV . LAMPLE 312E— 

~~~. ‘~ 1 5 - 94 5 . 33 1 
~ 

-
~~: . i w —  

~~~~~~~ 7.9’:’ 5.174
— _ 1i1~— ~~. U U  - . 2 2 148‘~~. ‘J U — 12.00 14.57 5 . 3 5 -

:A TA OUTSIDE ‘AN’~E
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Table VIII

Significant Wave Height vs. Predominant Wave Direction

ALL L EASON

I,IAV E DIPECT H’ . 1 - 3 . -
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iso. i:ici— 180 .00  7.80 2.579 6
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2 1 0.0 : , — 240. ’) ’:’ :3.69 .3 .516 5
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270 .00 — :3 i30. ,j0 14.48 5.5.3.3 9
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V. ANALYSIS OF RECORD S CHARACTERISTICS

A manual analysis of the wave strip charts was performed in accordance

with the procedure described by Hoffman in (6) and in accordance with a me-

thod suggested by Draper (7). For each record , a 720—second period was se-

lec ted and where the record ’s leng th was shor ter than 12 m inutes , the f ull

use of the wave strip chart was made. The number of crests (Ne) varied be-

tween 166 and 62 , while the number of zero crossings (Ne) varied from 144 to

54. The maximum height (Hmax ) ,  which is the combined sum of the highest wave

crest and lowest wave trough in a given record , varied from a high of 46.70

feet to a low of 3.07 feet.

The comparison be tween the H
113 

values calculated by the two methods is

summarized in Table IX and shown graphically in Figure 7. The overall agree-

ment is fairly good . Approximately 60% of the standard data is larger than

that calculated from spectral analyses.

Some values of the der ived H
1~3 

by the measured spectral  analysis were

grea ter than the 11max values read from the wave records. An analysis was

made of this phenomenon to determine the cause. Record 6001 from Station K

was selected since it also differed some 75% from the H
113 

using the analog

digitizer . First , an analysis of extremes was made of the record in which

the highest wave height in each minute of the record was recorded . The rnaxi—

mum height was 8.91 and the lowest was 4.11 feet with a mean of 6.20 feet .

Another analysis using one—third the 15—minute recording intervals was used .

This time all the wave heights were recorded and the 1/3 highest were finally

selected . Then mean H
1~ 3 

from this approach produced a mean height of 5.25

feet. This verified the digitizer results which produced a wave height of

6.13 feet . Further examination of the wave records indicated that the periods

were extremely short and the frequency correction for the Tucker wave meter

very high , causing the large discrepancies between the measured and dig itized

spectra.

Table X is a summary of the calculated parameters of the 93 spectra.

Each record is designated by number and date and parameters included are as

follows :

significant wave height = 4~~n

T
1 

mean average period = 2~~~ m0/m1

p.

E. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

- 

-~



energy averaged period = 2i’ rn—i /rn0

zero— crossing period 2r

average apparent period = 2ir (m 2/m 4)~~
2

HC(l/3) H
1,3 

x D

B m3/rn2
3h/2 —— skewness

c 11 — m~ /m 0m4 —— spectral width parameter

D /1 — €2,1
1
2

where m~ is defined by

m J u~ S~~(u) du

j



Tabl e IX
Comparison of S i g n i f i c a n t  Hei ghts

by Draper Estimate and by Spectrum Calculation

H IIRecord 1/3 1/3 Percent
N Number Ship (Es t ima ted )  (Ca lcu la ted)  D i f f e r e n c e

1 2001 Explorer 4 .32  3 .990 + 8.27

2 6006 8.23 7.524 + 9.30

3 2002 5.61 6.171 — 9 .0~3

4 2003 1cL59 10.875 — 2 . 6 2

5 2004 8.24 8.283 — 0.52

6 2005 4.92 5.497 —10.50

7 2006 7 .98 8.756 — 8.86
8 2007 12.30 11.014 +11.68

9 2008 3.25 4.642 —29.99

10 2009 14.09 14.742 — 4.42

11 2010 13.87 16.411 —15.48

12 2011 15.38 16.622 — 7.47
13 5001 27.14 32.905 —17.52

14 2012 15.01 17.525 —14.35

15 2013 7.50 8.964 — 16.33

16 2014 Reporter 19.71 21.436 — 8.05

17 2015 13.30 12.836 + 3.61

18 2016 13.75 14.571 — 6.79

19 2017 8.82 8.251 + 6.90

20 6005 10.85 14.019 —22.61

21 5002 30.61 29.635 + 3.29

22 2018 4.69 4.640 + 1.08

23 2019 4.76 4.399 + 8.21
24 2020 3.54 3.298 + 7.34

25 2021 7.35 7 .759 — 5 . 2 7

,
‘- 

26 2022 6 .82 6.138 +11.11

27 6004 9.86 9 .043 + 9.03
28 2023 6 . 6 7  6 . 0 7 3  + 9.83

29 2024 9.1.0 8.921 + 2.01

30 2025 7 .30 7 .0~ 8 — 2 . 9 9

I 

31 2026 8.052 —

32 2027 18.53 16.059 + 15.39

-
~ -2 1—
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Table I X  (Cont ’d)

Record 11
L / 3  ll

j/3 l’er cent
N Number  Shi p ( i - s t Ln a t ed )  (Ca lcu la ted)  D i f f e r e n c e

33 2028 Repor t t ~r 12.65 10.281 +23 .04

34 2029 9 .36  7.388 +26.69

35 2030 9.65 7.911 +21.98

36 3001 9.31 9.168 + 1.55

37 3002 4.18 4.506 — 7.23

38 3003 19 .35 15.795 +22.51

39 3004 6.95 6.873 + 1.12

40 3005 10.41 10.381 + 2.79

41. 3006 12.90 13.453 — 4.11

42 3007 25.39 25.588 — 0.77

43 3008 16.03 18.914 —15.25

44 3009 6 .95  7 .795 —10.84

45 3010 6.12 6.582 — 6.74

46 6003 11.61 11.295 + 2 . 7 9

47 3011 4 . 7 6  4 . 9 7 0  — 4 . 2 3

48 3012 5.59 5.222 + 7.05

49 3013 3.69 3.599 + 2.53

50 3014 3.89 3.661 + 6.26

-- 
51 3015 3.56 3.184 +11.61

52 3016 13.36 11.316 +18.06

53 3017 7.79 10.075 —22.68

54 3018 17.53 19.072 — 8.09
55 3019 2 4 . 0 4  26 . 124 — 7 .98
56 6002 10.79 9 .084 +18.78

57 3020 14.06 14.202 — 1.00

58 302 1 13.54 12.521 + 8.14

59 3022 11.55 10.318 +11.98

60 3023 8.48 9.511 —10.84

61 3024 5.78 5.062 +1.~~.18

62 3025 2 0 . 5 6  18.668 +10. 13

63 3026 20.01 19.915 + 0 .48

4 ~O _ 7  2 3 . 4 4  2 5 . 7 4 7  — 8.96

2 ! .43  2 2 . 5~~) + 8.52

— 2 2 —

~

:‘

~ 
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Table IX (Cont ’d)

H - II
Record 1/3 1/3 Percent

N Number  Shi p ( E s t i m a t e d)  (Calculated ) D i f f e r e n c e

66 3030 Reporter 20.73 24.961 —16.95

67 3031 23.13 17.074 +35.47

68 3032 20.35 18.455 +10.27

69 3033 12.11 12.756 — 5.06

70 3034 10.68 11.341 — 5.83

71 3035 13.89 12.206 +13.80

72 3036 10.69 10.022 + 6 . 6 7

73 3037 19.86 17.299 +14.80

74 3038 5.92 3.885 +52.38

75 3039 5.93 5.217 +13.67

76 3040 8.19 6.444 +27.09

77 3041 6.84 6.628 + 3.20

78 3042 13.62 11.663 +16.78

79 3043 3.65 3.280 +11.28

80 3044 2.25 2.462 — 8 . 6 1

81 3045 4.96 3.730 +32.98

82 3046 3.77 3.222 +17.01

83 3047 7.75 6.051 -1-28.08

— 
84 6001 10.76 6.125 +75.67

85 3048 8.89 6.258 +42.06

86 3049 5.24 5.264 — 0.46

87 7007 16.50 13 .674 +20.67

88 7006 15.87 13.~746 + 15.45

89 7005 13.01 12.335 + 5.47

90 7004 12.08 11.298 + 6.92

91 7003 8.63 7.144 +20.80

92 7002 23.69 20.199 +17.28

93 7001 19.31 16.558 +16.41

-23— 
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Calculated Parameters of Spectra

:TATICN ~
. t 2 — - ’.5 - ~ r4  1 3 : 3 ~~:1i F~- ’~E I

rE,:CF-D NO . 1 2 3 4 5
9 - 4 - 55 3 -  5 55 9 — - 5 - 5 5  .

7 9 55 9 - 1 2 - 55 9 - 1 4 55
:-~ 1 - 3 .  3 . 3 - 3 : 1  ~ .524 1 ~. .171::: 10.3749 : , .2:~27 5 .4365
~ E~~I D—T1 7 .72 73  ~- .3~ 59 ~~~~~ :3.75 )5 7.68.35
~~~ 

r Qfl—~~--j = -~ - 4~ 1 ‘~ : 1 4--5 -
~~~~ 444
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Table X (Cont ’d)

: .TR TION ~ 13.- -- - I:18.--- 74  13 :32 :13  FA’~E 2

3-:o:F-D rio . 13 20 21 52 23 34
h E  -
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0.6829 0.2412 0 .3 1 19

E 0.5. 3,95 U .6 :3(0 t:t .7133
P (‘ .5 9 19 0.5953 0.3 .530
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VI. SPECTRA L SHA 1’I~ ANA LY~~1~

Certain aspects of a spectrum , such as its si gnificant wave height

and mean average period T 1, can be reduced to finite values , but the shape and

distribution of the wave energy content cannot be expressed in simple mathe-

matical terms . A method or classifying spectra into groups or “families” of

equal wave heights or periods was discussed in (8). A similar approach was

taken in analyzing the data from Station K. The 93 records were divided into

groups of wave heights and periods as shown in Table XI. The details of th e

mean spectra representing each group are given in Appendix C, along with plots

illustrating the mean spectra , one third highest and lowest means and the

envelope of the highest and lowest ord inates in each group.

Figure 8 illustrates the distribution of T3, and H113 based on the alter-
nate sorting by wave height and period . As expected , the two lines do not

coincide and cross one another between T1 = 8.5—9.5 seconds and H113 = 14—19

feet. Due to the different records used in each sort , including records of
storm growth or decay , and sweli ,for example , the lack of perfect correlation

is not surprising . The nature of the physical phenomenon represented by the

spectra is rather complex and is described by the standard deviation of the

var iables within the band intervals selected .

Compar ison with similar data analyzed for other stations such as ‘I’

(4) and ‘P ’ (3), indicates thn t the small sample of data is the cause for

the lack of consistent trends in the data. Nevertheless , the general trends

are maintained .
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Table XI

Principal Pardm~ ter~ oi Spect r a Arranged in Groups

STA’l’ f (IN K

W a j~ei,~~t Sor t

Wav e Height H
113 T(l) No. of

Gro up Band Width Ft. Sec. Records

1 >3 2.46 7.76 0.674 1
2 3—6 4.35 7.18 0.625 19

3 6—9 7.35 8.24 0.669 23

4 9—12 10.45 8.76 0.690 16

5 12—16 13.64 8.64 0.693 13

6 16—21 17.95 9.70 0.727 13

7 21—27 24.47 9.35 0.720 6

8 27—34 31.31 10.36 0.787 2

Period Sort

Period Hl/3 T(l) No. of
Group Band Width (ft.) Sec. Records

1 >6.5 5.45 5.73 0.484 7

2 6.5—7.0 10.21 6.92 0.618 4

3 7.0—7.5 9.29 7.24 0.609 8

4 7.5—8.0 9.05 7.80 0.639 9

5 8.0—8.5 9.56 8.22 0.663 14

6 8.5—9.0 13.27 8.72 0.688 17

7 9.0—9.5 17.84 9.19 0.723 9

8 9.5—10.0 18.42 9.78 0.738 6

9 10.0—10.5 14.09 1.0.31 0.731 3

10 10.5-11 .0 i~~.22 iO .7i 0.753 12

11 <11 21.84 12.03 0.783 4
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VII. . ( U N ( : I J ’D  I N 1 fli2-~ \EKS

Tii~- Io:’aat chio: ;c ’n to  p resen t  the S t a t i on  ‘ K ’ wave d a t a  selection and

a n a l y s i i ~ is based on exper ience  ga thered  t h r o u g h o u t  t h e  an;~lysis of S ta t ions

‘ I ’ and ‘ P ’ o vcr  t he past ~~ years .  While in th.~se cases methods were de—

veloped ai i . I  t r i e d  out as the p r o j e c t  was proceeding , the  S t a t i on  ‘K ’ analysis

is a typ ical example of the conclusions reached in (3) and (4). Unfortunately,

the anount of data which was available for Station ‘K ’ was 1/3 to 1/4 of that

used in Stat ions ‘1’ and ‘P’. Hence , the presentation cannot be expected to

yield a conclusive result as in the previi cases. However , the type of ana—

lysis applied to the data is typical of what may be considered as the necessary

information required in documenting wave data for engineering applications.

No attempts were made here to compare the data derived with the previously

obtained information from other ocean locations.
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Appendix A

Spectra Plots
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Appendix B

Spect ral Famil ies

A. Wave Height Basis
B.  Period Basis
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