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Yaves have been recorded by a shipborne wave recorder
(Tucker, 1956) placed on the Smith's Knoll Light Vessel
(about twenty two miles ENE of Great Yarmouth). The vessel
was stationed in 27 fathoms of water. The records from the
first year of operation, from March 1959, were analyzed by
il Darbyshire and used by J. Darbyshire in the development
of his wave forecasting techniqus. However, the method of
abstraction of the data from the records did not Tollow the
methods now used (Draver, 1966), which have been based on
subsequently-developed theoretical studies (Tucker, 1961
and 1963) and Cartwright and Longuet-Higgins, 1956. Also,
it is not easy to compare the data given in the original
publication (M. Darbyshire, 1960) with more recent vpublications
of wave data for other areas, as thr presentation has also
evolved appreciably in recent years. Because of these
differences, the date from Mrs. Darbyshire's original sheets
has been re-pvrocessed to bring it into line with current
practice; for example, the values of Hmax originally
obtained have been converted to the appropriate parameter
in current nomenclature, H?’ and the significant periods
originally obtained have been converted to zerc-crossing

periocds using average relationships between the two varameters.

The analysis presented here i1s based on the records
from the first year of operation; eight of the records,
mostly of 15 minutes' duration, taken each day have been

analyzed.

The parameters calculated from Mollie Darbyshire's

original data are:

(a) H, The significent height (mean height of the
highest one-third of the waves); this is
derived from H, = f(Hs) where f is a factor
related to the number of zero-crossings in

the record (Tucker, 1963). The numerical
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value of f for a record cmtaining 100 waves
is 1¢60, and for 50 waves f = 1°49. These
values of f are theoretical ones for a narrow-
band spectrum (Cartwright and Longuet-Higgins,
1956), and have been shown to be substantially
correct for typical wide-band spectra of sea

waves (Tucker, 1963).

13 it

(b, “max(3 hours)
The most probable value of the height of the
highest wave which occurred in the recording
interval (Draper, 1963),

(¢) T The mean zero-crossing period.

The results of these measurements are expressed graphically,

divided into seasons thus:

Jinter: January February March
Spring: april Kay June
Susmer: July August Sevtember
autumn: Cetober November December

For each season, = sraph (Figures 1 = L) shows the cumulative
Zistribution of significant wave helght Hs’ and the most
nrrobable value of the height of the highest wave in a three-

hour interval, H . The distribution of zero=-

max(3 hours)
crossing period is given for each season (Figures 5 = 8).
Figure 9 is a scatter diagram relating significant wave

height to zero-crossing period.

Figure 10 is a versistence diagram for the occurrence of
wave conditions of specific significant heights or above,
giving the number of times this occurs and the duration

over which the conditions nersist in the whole year.



Discussion of results

From Figures 1 = 4 may be determined the proporticn of

exceeded any ziven height
max(3 hours) 7S e

for each season. For exsmple, in the winter, the significant

time for which HS or H

height exceeded 6 feet for 20 per cent of the time.  The
scatter dlagram (Figure 9) relates significant height to
zero-crossing period. The numbers of occurrences are
exyressed in varts per thousand. For example, ths most
common wave conditions were those with a significant height

of between 2 and 3 feet with a zero-crossing periocd of hetween
5¢5 and 6 seconds, which occurred for 60 thousandths, i.e.

6+0 per cent, of the time. The rapid attentuation of the
shorter waves with depth wmeans that the nressure units, which
are necessarily situated 6 feet below mean water level, do not
record waves which have a oeriod of less than about 3 seconds:
this is the cause of the cut off below ubout that -eriod.
slmost #ll the waves arvpear to be of local origin, there is no
record in which the zerc-crossing period s as hizh as ten
seconds, such as might be generated in the Norweglan Sea,

This suspgests that in travelling down the North ses all the
energy of such longer-period waves is lost by [{rietion on

ihe ses bed.

A parameter .hich is sometimes of interest is the wave
steepness, expressed as wave height : wave length; 1t may
also be expressed as a decimal number. It should be ncted
that the siteepness of s wave 1s not the same as the maximum
slope of the water surface during the rasszge of 2 wave.

Lines of constant steepness of 1 : 20 and 1 : 40 are drawn

on Figure Y. (In this case, steepness relates to siznificant
wave height : wave length calculated from the zero-crossing
neriod ). 4 fairly well-defined limit of steepness is observed
at approximately 1 : 16 (0:06). There is a theoretical limit

for a progressive wave of 1 : 7 (O°14)o
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From the persistence diagram, Figure 10, may be
deduced the number and duration of the occasions in 1 year
on which waves persisted at or above a given height., For
example, if the limit for a particular operation of a vessel
is a significant height of 6 feet, it would have been unable
to operate for spells in excess of 10 hours on 25 occ;sions,

or spells in excess of 24 hours on 3 occasions,

"he highest wave recorded during the year was 24 feet
in height and of 8sl seconds period, compared with 23 feet
at llorecambe Bay. This is surprising, but, according to
liollie Darbyshire, during the winter of 1959-60 the highest
wind speed recorded at osmith's Knoll was 37 knots, and this
had 2 westerly direction and hence a very short fetch. The
highest wind speed recorded from between 360O and ADO was
22 knots; hetween 320O and 3600 and also between 400 and 80°
it was 29 knots, so that the data nresented here is probably
slizhtly less extreme then than which might occur in a

typical year.

ACENOTLADGEIENTS
s

The author wishes to thank the Corporation of Trinity
House for permission to install the equipment on their vessel,
the ilasters and Crew for operating it, Mrs. Mollie Darbyshire
for her kindness in allowing him to use her orizinal data
sheets, Miss Eileen Squire for writing the computer program
used ia handling the data, for putting the data through the
computer snd for doing some of the collatiocn of the resulting
data, and Mr. Feter Anning for doing the remeinder of the

collation and preparing the dlagranms,



REFERAICES
Recorder,

TUCKER, M.J. 1956 A Shipborne lViave
o8, 236-250.

Trans. Instn. nav. Archit. Londe.

DRAPER, L. 1966 The anslysis and presentation of wave

data - a nlea for uniformity.

Proc. 10 Conf. on Coastal Engineering, Tokyo,

Chapters 1 and 2.

Simple measurement of wave records.

TUCFER, M.J. 1961
(N.1.0.)

Proc. Conf. Vave Hecording for civ., Engrs.

TUCKER, ¥.J. 1963 4Analysis of records of sea waves.

Proc. Instn. civ. insgrs. 26, 304-316.

1956

CART/HIGHT, D.E. and LONGUET-HIZGINS, M.S.
The statistical distribution of the maxima of & random

function,
Proc. roy. 80c. A 237, 212-232.

UARBYSHIRZE, M. 1960  aves in the North Sea.

DockHarb. 4Author. 41, 225-228,
DRAPER, L, 1963 The derivation of a 'design-wave' from
instrumental measurenents of sea waves,

I'roc. Inst. civ. Engrs. 26, 291=30%.



‘ WINTER

80

XCEEDANCE
a1 (@)
=

PERCENTAGE E
w ~

o o

a T

i 2 3 4 5676010 © 90 30 %0

WAVE HEIGHT IN FEET SK




Fig.2
SPRING

o
o)

i | i 1 1 1 i

i

J

i

[ lg

100

S0F

1
O Q o
= o

W w0 ~F
AONVA3IOXIT IJOVINIDNT

\
(=)
™
d

1
(]
N

i
o
—

Q




Fig. 3.
SUMMER

N i 1 L 1 1 {

=y
e
g
g
P
-
e
wnf

A
o Q Q
Q o

o) ~ ™
4ONVO330X3 39VINIDYIJ

o

*ﬁg

()
=~F
o
o

20

3 4 5676910

X
)



1

NCE

PERCENTAGE EXCEEDA

00

90

Ul
(-

&
-

W
(-]

B
(]
-

Fig.4.

AUTUMN

N -

3

[ 5678010 18 90
WAVE HEIGHT IN FEET

ol
30 40

SK



PERCENTAGE OCCURRENCE

NN
&~ A
]

— s — — —b -y - — s NS ) N N
O = N W B~ g 0O - N W
T 1 T T I T | T T T T I | T

®
i

© =N W s~ O
[

Fig 5
WINTER

i =

(O3

9
ZERO-CROSSING PERIOD TZ IN SECONDS

10
SK



PERCENTAGE OCCURRENCE

N R
£~

[y el s —) ot N sl JNEN et N (3]
| | i I | : ! { I I

N W e 1Y a3 @ O
|

Fig 6
SPRING

i

%

7
ZERO-CROSSING PERIOD TZ SECONDS

8 9

10
SK



10
SK

i
9

SUMMER

o
o
A

8

6

5

JONIYYNII0 39VLNIONI

ZERO-CROSSING PERIOD T2 SECONDS



PERCENTAGE OCCURRENCE

25

23
22
21 -
20+

Y el
© =2 BB R oo 3
T T T T T

mw&\mmwmm
¥

mmﬂ&

Fig 8
AUTUMN

8§ 9 10




O o= N W s~ oy N 0 W
"gr

WHOLE YEAR

5 @ L5 50 55 B0

ZERO-CROSSING PER
SECONDS

70 75
BOD Tz




NUMBER OF OCCURRENCES

Fig 10

Hs IN FEET

-
-]
[

oo
-

60
40

20

1 2 3 4 56 78910 20 30 40 5060 80 100 200 300 400 500

DURATION IN HOURS SK






