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INTRODUCTION 

This report refers to wave measurements made at the Foula site during 

1977, 1978 and 1979 as part of a project sponsored by the United Kingdom Offshore 

Operators Association (UKOOA) Oceanographic Committee. In an attempt to 

synthesise the long term wave climate for the area a subset of 400 wave records 

has been selected from these data by consideration of long term wind data measured 

at Lerwick anemograph station. The method used follows that developed at lOS 

(described in Ref 2), 

In addition the simultaneous wave measurements, which are now available 

from South Uist and Foula, have been studied and the degree of correlation 

between them assessed. 

This report includes an index to the 400 one-dimensional spectra calculated 

from the selected records, and these spectra are available separately in computer 

compatible form to users requirements. 

The work presented was carried out for the Department of Energy under contract 

E/5A/C0N/1631/172/0100. 

1. THE WAVE DATA 

The data referred to in this report result from a wave measurement programme 

conducted to the west of the Shetland Isles and financed by the United Kingdom 

Offshore Operators Association Oceanographic Committee. 

1.1 DATA COLLECTION 

A Marex data buoy was moored at approximately 60° 10' N, 2° 55' W in a 

depth of about 160 m. This buoy measured the waves by monitoring the output of 

a Datawell heave sensor over a 1024 second sample period which ended on each 

hour. The output of the heave sensor was digitised at a rate of 2 Hz and an 

on-board microprocessor was used to calculate a statistical summary, consisting 

of 4 parameters, of the resulting 2048 point digital record. The summary was 

recorded internally and the digital wave record was discarded. 

In addition, the buoy monitored and transmitted continuously the output of 

the heave sensor, in standard Datawell AM/FM format, using a Waverider modulator 

and transmitter. 

A back-up Datawell Waverider buoy was moored within half a mile of the Marex 

buoy and transmitted information about its own heave continuously. 

A receiving station was set up at South. Nesa on the southern tip of the 

island of Foula. A Datawell Warep receiver could receive data from either the 

data buoy ̂  the Waverider. A digital system, using a digital magnetic tape 

data logger, was the primary data recording method, with an analogue (fm) 



magnetic tape data logger providing a back-up. To begin with the receiver 

was switched to the Marex data buoy channel as routine, but for one period, 

when the Marex buoy went adrift, the Waverider signal was used. Later in the 

project, however, as reception conditions deteriorated, it was decided to use 

the Waverider channel since it was usually substantially stronger than that 

from the data buoy. 

Only the data digitally recorded at the shore site have been used in this 

study. The processed data recorded on board the Marex buoy were not accessed. 

1.2 PRELIMINARY PROCESSING OF THE DATA 

The wave information was received and recorded in regular samples consisting 

of 2088 values of the heave measured at { second intervals. These 1044 second 

wave records were taken every 3 hours at the intermediate synoptic hours (00, 

03, 06, 09, ... hours GMT), with the recording period ending on the hour. 

Magnetic tapes from the logger were returned to the laboratory each month 

where they were translated and processed by a computer program designed to check 

for timing or tape formatting errors. In addition, the program subjected each 

wave record to a number of tests to check for the presence of characteristics 

not normally associated with a wave record of this type. The tests were based 

on the assumption that a wave record should display certain simple properties 

consistent with the behaviour of a random process with an approximately normal 

distribution, and that the water surface should conform to certain well-

established steepness criteria (Ref 1). 

It was found that the proportion of the records which failed the checking 

procedure was much higher in the case of the Foula data than for any other 

lOS Waverider site. This was almost entirely due to the very long range 

(about 50 km) to the deployment site which resulted in the data telemetry 

being susceptible to adjacent channel interference. This manifested itself as 

more or less isolated bursts of erroneous data which were often of short 

duration. In order to recover as much information as possible, it was decided 

to remove these 'spikes' from the wave records whenever it seemed reasonable 

to do so. 

A special editing program was used which plotted each (rejected) wave 

record on a suitable visual display unit, and allowed the operator to specify 

and remove offending data values. As each erroneous section was removed, the 

data values on either side of the gap were closed together to form a 

continuous wave record. Thus the edited wave record was shorter than the 

normal length by the total number of erroneous values discarded. The operator 

ensured that the resulting wave record contained no spurious discontinuities 

in the wave elevation. 



1.3 AVAILABLE DATA 

Wave data have now been collected from the Foula site for the periods: 

January 1977-May 1978 

July 1978-November 1978 

May 1979-October 1979 

Considering only months in which data were collected the average monthly 

data return rate was 66% for 1977, 38% for 1978 and 35% for 1979. Each month 

of the year was adequately covered apart from November, which was badly 

represented in 1977 and 1978 and not at all in 1979. 

A more detailed description of the available data and their processing is 

given in Ref 1. 

1.4 CALCULATION OF THE SPECTRA 

A Fast Fourier Transform was performed on 2000 points (1000 seconds) of 

the series and the spectrum was formed by averaging over 10 adjacent harmonics 

to give a final resolution of 0.01 Hz. The spectral estimates were adjusted 

to compensate for the frequency response of the heave sensor. The estimates 

are also susceptible to various other forms of noise which are discussed in 

more detail in Ref 1. The Foula spectra appear to have low noise levels at 

both high and low frequencies, but nevertheless it is recommended that the 

first two spectral estimates in the output files be disregarded. 

In this way it should be possible to avoid the accidental inclusion of 

low frequency instrumental noise in subsequent analyses. The lowest frequency 

for which a valid estimate of spectral density exists should therefore be 

regarded as 0.0455 Hz. 

2. SELECTION OF A SUBSET OF THE WAVE DATA 

For a further study of the Foula wave climate a more manageable set of 

wave records was required. The selection procedure outlined below closely 

follows that described by Crabb (Ref 2). The aim of this procedure is to 

select 400 wave records from the available data which are more representative 

of the long term wave climate of the area. 

In order to accomplish this, 400 wind records were chosen from those made 

during the wave measurement programme such that their frequency distribution 

approximated the long term distribution of wind speed and direction in the 

area. The wave records associated with each of these wind records constitute 

the climatically representative subset. 



2.1 COLLECTION OF THE WIND DATA 

Winds are recorded as hourly mean speeds and direction by the Meteorological 

Office at Lerwick anemograph station. These wind data were obtained on magnetic 

tape for the period January 1977-October 1979. Each month of data with a 

sufficient number of valid associated wave records was sorted into wind speed 

and direction classes. These months and their percentage valid wave data return 

figures are listed in Table 2.1.1. Tabulations of the sorted data (Table 2.1.2) 

were arranged chronologically in seasonal groups. Monthly and whole year hourly 

mean speed and direction wind distributions for the period 1970-1979, were also 

obtained. For each of these long term distributions the total number of records 

and the percentage frequency of records were given for each class (Table 2.1.3 

and 2.1.4). 

These long term tables, as supplied, included a number of records in each 

speed range for which the direction was listed as variable. These records, which 

were concentrated almost entirely in the 1-3 knots range, were redistributed 

among the 12 direction classes according to the original distribution of records 

in these classes. 

2.2 DERIVING THE SUBSET DISTRIBUTION 

The next stage was to derive a distribution of 400 wind records which 

reproduces the long term distribution as closely as possible. This was effected 

by multiplying all the percentage frequency figures in the long term annual 

distribution by 4 and rounding to the nearest integer, to yield the number of 

records required in each class. 

Overall rounding errors resulted in a total of 398 instead of 400 in the 

subset distribution. Consideration of row and column totals, and detailed 

comparison of the exact and rounded distributions, led to the conclusion that 

the original distribution would be more closely matched if 2 more records were 

included in particular classes. The resultant distribution is shown in 

Table 2.2.1. 

To ensure that the records selected for inclusion in the subset of 400, 

were chosen realistically from throughout the year the number of records 

required in each class was divided into 4 figures, as described below, 

reflecting the probabilities of measuring those winds in each season. 

First,4 seasonal percentage frequency distributions (Tables 2.2.2-2.2.5) 

were produced from the long term monthly distributions by taking the 3 relevant 

monthly figures for each class and dividing their total by the total number of 

records in that season. The 4 seasonal figures thus produced for each class. 



were then converted into whole numbers ensuring that their total was equal 

to the figure in that class in the sample distribution already derived. 

The monthly groups for the seasons were taken to be: December, January 

and February - winterj June, July and August - summer; March, April and 

May - spring; September, October and November - autumn. 

The final distribution (Table 2.2.6) derived above was treated as 4 separate 

seasonal distributions of wind speed and direction, and the records selected 

accordingly. 

2.3 SELECTING THE RECORDS 

The wind records, for each seasonal distribution, were chosen from the 

monthly wind data tabulations previously described. The months were consulted 

cyclically within each season, with the central month taken initially. 

Wind speed and direction classes of the seasonal distributions, with at 

least one record to be chosen, were considered in turn. The wind data table 

for the correct class was consulted and the wind records covering the hour 

immediately preceding a wave recording period were numbered. If no appropriate 

winds were found in that table then the same class in the. next month was 

consulted. 

A random number table was then used to select a wind record from the 

number list and its associated wave record was checked for validity. If no 

valid wave record existed another wind record was selected. 

If more records were required in that class then the same class in the 

next month of wind data was consulted. 

All 4 seasonal distributions were worked through in this way until the 

complete set of wind records was obtained. The associated wave spectra were 

retrieved from magnetic tape and assembled on a disk to form the subset. 

2.4 COMMENTS 

On 4 occasions, in the selection of the records, it was necessary, due to 

a lack of valid wave data with associated winds in the appropriate class, to 

use wave records not directly associated with a selected wind record. In each 

of these cases the wave record was taken within 2 hours of the end of the wind 

record. 

In addition to the wind speed and direction classes mentioned above a 

class of calm records was processed in the same manner. 

The precision with which the sample distribution conforms to the annual 

and seasonal distributions is limited by the fact that each chosen record 

represents 0.25% of the total number of records in the sample and 1.00% of 

the total number of selected records in each season. This is particularly 

noticeable at the tails of the distributions where the wind speed is highest. 



Hence, in considering the results presented, the inability of the procedure 

to accommodate extreme conditions should be borne in mind. 

3. THE FOULA WAVE CLIMATE 

In this section 3 summaries of the selected set are presented to give an 

indication of the wave climate to be expected at Foula. In addition the 400 

spectra of the selected records have been plotted and are included at the back 

of this report with an index which is described in Section 6. The files from 

which these spectra were plotted (described in Section 3.2) are available 

separately. 

3.1 SUMMARIES OF THE SUBSET 

Figure 3.1.1 shows the mean power spectrum for the subset from which the 

peak wave period was calculated to be approximately the same as that for the 

South Uist Offshore subset (Ref 2) at about 13 seconds. The subset average 

power was calculated to be 45.5 kw/m. 

A scatter diagram of significant wave height (Hs) with energy period (Te) 

is given in Fig 3.1.2. The figures in this diagram represent the number of wave 

records, in parts per thousand, having particular combinations of significant 

wave height and energy period. 

Finally, Fig 3.1.3 shows the distribution of total measured wave energy 

with significant wave height and energy period. The figures, in this case, 

show the fraction of the total energy in parts per thousand for each class of 

significant wave height and energy period. 

3.2 DESCRIPTION OF DATA SUPPLIED 

Frequency spectra, calculated as previously described, for each of the 

400 selected wave records may be supplied separately in computer compatible 

form to user's requirements. 

The one dimensional spectra and certain quantities described below were 

written by Fortran computer program to individual files on the computer 

medium (usually magnetic tape). A sample listing of a spectrum file in the 

format described below, is given in Table 3.2.2. 

3.2.1 PROPERTIES INCLUDED IN THE SPECTRAL FILES 

Moments of each spectrum are defined by: 

M n = J ^ 5 [f) df ^ f, 0.0455 Hz 

fg = 0.6755 Hz 

where f" is frequency. 



Moments from M_2 to M4 have been calculated and are included in the 

files. Each file also contains certain quantities which have been calculated 

as functions of these moments. These are: 

(a) Significant wave height, Hs, defined as 4 

(b) Energy period, Te, defined as M-j 

Mo 
iMn 

(c) Mean zero crossing period, Tz, defined as/ /fi2 

(d) Goda (1970) peakedness factor, Qp, defined as ̂  2 J ^ -p d f 

3.2.2 SPECTRUM FILES - LOGICAL RECORD DESCRIPTION 

Logical record 1 - Alpha-numeric file header (16 A1, 13) of form FOULA 

SPECTRUM NNN. NNN is the spectrum serial number and the 

spectrum is referred to by this number in the index. 

Logical record 2 - Four integer numbers (414) being, in order: year, 

day, hour and minute of the start of the wave recording 

period. 

Logical record 3 - Significant wave height in metres, energy period and 

zero crossing period in seconds, written (3F6.2). 

Logical record 4 - Wind direction in degrees, divided by 10, eg 28 = 

280 degrees, and wind speed in knots, written (212). 

Logical records 5 to 11 - Spectral moments M_2 to M^, written (El2.6) 

Logical record 12 - Coda's Qp, written (El 2.6). 

Logical records 13 to 76 - Component frequency, Hz, and corresponding spectral 

density, metres ^/Hz, each record written as 

(F6.4, 3X, E12.6). 

Each logical record is 21 characters long, records are padded with space 

characters where necessary. 

Files are separated by an IBM compatible tape mark (Physical EOF). 

An example spectrum file is given in Table 3.2.2. 

4. AN ESTIMATION OF BIAS IN THE SAMPLE 

The data return rate from the Foula site was generally low but the 

only month not well represented in any of the 3 years, was November. This 

is unfortunate as November is often a month of high wave activity. 

The data started to become more intermittent from early 1978, with 

progressively more of the day time and evening records being lost. This was 

primarily due to radio interference caused mainly by the increasing use of 

the Citizens Band, both in the immediately surrounding sea areas and more 

distantly. 



Radio interference was most troublesome when the buoy signal was weak and 

since this often occurs in periods of high wave activity it is possible that 

some bias exists in the data. This section is an attempt to quantify any 

bias that may exist. 

To estimate the bias caused by the missing data it was necessary to have 

some idea of the sea state during those periods. The most important wave 

direction is from the west and, as will be shown in the next section, the 

South Uist data have a good correlation with the Foula data for westerly 

wind and wave conditions for a lag of 6 hours, and the slope of the best 

fit line is close to unity. A subsidiary calculation further showed that 

the average wave power figures, calculated over the same two year period at 

each site were almost identical. 

Hence for this purpose, wherever there was missing Foula data it was 

replaced by the corresponding South Uist data. 

To discover if there was any significant difference between the Foula 

data and the replacement South Uist data, percentage frequency distributions 

of significant wave height were produced for the two sets of data and a 

chi-squared test was carried out on them. This test indicated to a high 

level of confidence that the data were from different populations, and in 

fact the distribution of the replacement South Uist data was, as expected, 

skewed to the higher values. 

The next stage was to estimate the effect that the inclusion of the 

replacement data would have had on the selected set. A percentage frequency 

distribution of significant wave height was produced for the infilled 

Foula data set by combining the separate distributions of the Foula data 

and of the replacement South Uist data already calculated. 

A distribution of significant wave height was calculated for the Foula 

subset and then modified, as described below, to produce the distribution 

which probably would have resulted had there been no missing Foula data. For 

each class of the subset distribution the number of records in that class 

was multiplied by the ratio of the percentage frequency figure from the 

combined data distribution to that figure from the distribution of the 

measured Foula data. 

Finally, to evaluate the effect of including the South Uist replacement 

data, average power figures for the original selected subset and for the 

subset modified by the above procedure were calculated. For each 

significant wave height class of the original subset distribution the average 

power per record was calculated. The total power in that class for the 

modified subset was then estimated by multiplying that average power figure 

by the number of records in the modified subset distribution. The overall 

average power figures for each subset were then calculated by summing the 

totals for each class and dividing by 400. 
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These calculations gave an average power figure for the modified subset 

of 47.6 kW/m compared with 45.5 kW/m for the selected subset. The accuracy 

of this result depends upon the degree to which the South Uist data can 

actually represent the missing Foula data and this is not sufficient to be 

able to regard 47.6 kW/m as a corrected figure. However, it does indicate 

that the likely consequences of any bias induced by selective data loss 

would be relatively small. 

5. INVESTIGATION INTO THE CORRELATION BETWEEN FOULA AND SOUTH UIST DATA 

Waves have been measured by a Datawell Waverider buoy at a site 

approximately 11 miles south-west of Benbecula in the Outer Hebrides, since 

March 1976. The buoy was moored in a depth of 42 metres, whereas the buoy 

at the Foula site was in a depth of 160 metres. Details of the data 

collection system at South Uist are given in Ref 2. A map showing the 

relative positions of the Foula and South Uist sites is given in Fig 5.1. 

There are now simultaneous measurements for Foula and South Uist for 

the inclusive periods January 1977 to March 1978 and July 1978 to October 1978. 

During 1977 both sites produced reasonable valid data return rates and these 

data have been used to investigate the correlation between conditions at the 

2 sites. 

The data were inspected for valid pairs of corresponding records and for 

each pair the total power was calculated for both records. These powers were 
2 ' . 

calculated using the equation 0.49 x Hs x Te which is a very good estimate 

of the power for the Foula site which is in deep water but is about 11% lower 

than the actual power at South Uist. The correlation coefficient was then 

calculated for the 2 sets of powers. These calculations were repeated for a 

range of lags from -24 hours to 24 hours (in steps of 3 hours) imposed on 

the Foula data. 

Figure 5.2 shows the plot of correlation coefficient with lag which is 

discussed below. 

Scatter plots showing joint frequency distributions of power at the 

2 sites were also compiled and examples, at a number of different lags are 

shown in Figs 5.3-5.11. A scatter plot and correlation coefficient were 

calculated for a lag of 6 hours using the true powers as a test of the effect 

of using the approximate powers. This showed, as expected, that the scatter 

plots were slightly biased towards higher powers at Foula but the correlation 

coefficient was unaffected. 

The correlation coefficients calculated are not very high, but nevertheless 

significant, especially in view of the ordered way in which they increase with 

increasing lag to a maximum value at about 6-9 hours and decrease thereafter. 



This result implies, as seems reasonable, a general eastward movement of 

wave and weather systems. 

The scatter plots are complicated, however, by the existence of a 

significant easterly fetch at Foula as well as a small arc (110°-150°) of 

exposure to swell propagating from the North Sea. Both of these contribute 

to wave energy at Foula but not at South Uist and, moreover, are not 

available to an array of westerly facing devices. 

To attempt to remove these complicating factors the correlation 

coefficient were recalculated for a number of lags, this time for data from 

both 1977 and 1978 but restricted to cases when winds at South Uist lay 

between 225° and 315°. To do this hourly wind data measured at Benbecula 

anemograph station during 1977 and 1978 were obtained from the Meteorological 

Office. 

The new correlation coefficient against lag graph (Fig 5.12) shows that 

the correlation coefficients were significantly increased. (A calculation of 

the correlation coefficient for data from 1977 fo 1978 at a 6 hour lag with 

no restrictions, showed that part of the increase was due to the inclusion 

of the extra data.) 

The higher correlation is reflected in the appearance of the scatter 

plot. Fig 5.13, which is noticeably narrower with the number of occurrences 

of high power at Foula corresponding to low power at South Hist being much 

reduced. 

The results are particularly significant since the chosen limits on 

wind, and thus wind sea, direction approximately coincide with the arc 

within which the vast majority of the swell power is to be found (Ref 3). 

Restricting wind directions in this way, therefore corresponds to selecting 

cases where total wave power approaches from within the chosen limits. 

The calculations were also repeated for cases where the South Uist 

winds fell in the easterly quadrant (45°-135°) which ensures that any power 

observed at South Uist was due to swell. The effect at the Foula site is 

similar but less complete due to the greater exposure of this site. This is 

reflected in the scatter plot (Fig 5.14) which shows a greater incidence of 

high powers at Foula corresponding to low powers at South Uist. 

The correlation coefficients (Fig 5.13) are lower than in the westerly 

case and are less well ordered with increasing lag. They are, however, 

generally higher at positive lags implying that the degree of correlation 

which does exist is primarily due to the general eastward movement of swell. 
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TABLE 2.1.1 

PERCENTAGE VALID WAVE DATA RETURNS AND MONTHS OF WIND DATA TABULATED 

1977 1978 1979 

WINTER 
December 
January 
February 

90 No Data No Data 
48 46 No Data 
93 5 No Data 

SPRING 
March 
April 
May 

EK) 3^ No Data 
78 69 No Data 

^ 38 

SUMMER 
June 
July 
August 

63 No Data 35 
53 38 33 
55 ^ 50 

AUTUMN 
September 
October 
November 

69 58 35 
74 J[8 \± 
7 10 No Data 

The months of wind data which were tabulated have their data return 

figures underlined. 

(May 1979 was inadvertently excluded) 

12 



TABLE 2.1.2 

EXAMPLE OF A PARTICULAR DIRECTION CLASS OF THE TABULATED WIND DATA 
The hand-written symbols are those used during the selection procedure 

MONTH SEPTEMBER 

O KTS 

DIRECTION CLASS 230 - 250 

4^ KM : i - 1 6 KTS 

0 0 0 0 0 0 0 0 0 0 0 0 i 5 7 977 25 6 7 7 977 25 9 1 2 3 977 2512 22 2 977 2321 1 17 5 977 2326 Wr 

0 0 0 0 0 0 0 0 0 0 0 0 15 9 977 2 3 6 8 7 977 2410 3 3 977 2411 2 3 2 977 2420 18 5 977 2326 

0 0 0 0 0 0 0 0 0 0 0 0 327 977 2 3 6 14 9 977 2 5 8 2 5 3 977 2311 9 3 977 2417 19 5 977 2325 

0 0 0 0 0 0 0 0 0 0 0 0 427 977 25 6 ^ 16 9 977 24 7 6 3 977 2413 10 3 977 2418 i 20 5 977 2326 

0 0 0 0 0 0 0 0 0 0 0 0 1 527 977 25 5 2312 977 25 7 7 3 977 2416 2. 11 3 977 2419 21 5 977 2325 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 013 977 23 7 3 6 3 977 2415«>f 12 3 977 2419 22 5 977 2325 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 227 977 25 7 3 6 977 2516 13 3 977 2319 3 2 3 5 977 2424 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1730 977 24 9 4 6 977 2516 3 14 3 977 2319 0 6 977 2322 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1830 977 2310 9 6 977 2313 15 3 977 2319 1 6 977 2325 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2130 977 25 7 10 6 977 2414 16 3 977 2318 15 8 977 2522 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4^11 6 977 2514 4- 17 3 977 2318 4- 1413 977 2324 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 7 977 2314 y 2 6 977 2319 1513 977 2326 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 f U 7 977 2316 13 7 977 2418 1928 977 2326 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 7 977 2316 & 14 7 977 2318 f 2028 977 2322 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 977 2316 15 7 977 2318 2228 977 2422 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 7 977 2316 16 7 977 2318 629 977 2326 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 7 977 2315 3 e 977 729 977 2526 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 2 0 7 977 2415 7 5 # 977 f 8 2 9 977 2526 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 7 977 2312 6 e 977 2517 9 2 9 977 2527 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 7 977 2316 7 9 977 2518 1029 977 2825 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 & 23 7 977 2315 & 8 0 977 2319 7 1129 977 2425 yX 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 977 2312 9 8 977 2518 1829 977 2326 

0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 e 977 2416 10 0 977 2520 1929 977 2425 

0 o 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 2 e 977 2316#%^ 4 11 9 977 2520 $ 2029 977 2427 

0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 8 977 2414 14 8 977 2520 2129 977 2425 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 613 977 2311 8 1 3 977 2317 2229 977 2423 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 713 977 2313 1013 977 2318 9 2329 977 2423 

0 o 0 0 0 0 0 0 0 o 0 0 0 o 0 0 0 0 0 0 0 0 0 0 9 1 3 9T/ 2 3 1 6 a 1113 977 2319 0 3 0 977 2424 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1430 977 2512 1213 977 2319 130 977 2426 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1930 977 2315 2128 977 2319 Jo 230 977 2423 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1229 977 2421 330 977 2523 

0 0 0 0 0 o o 0 0 o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 1329 977 2320 M 1130 977 2522 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1230 977 2521 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 O 0 0 0 0 0 

4 1 - 4 7 KTS 

I U 3 977 2333Jr 2113 977 2334 0 0 0 0 0 

12 5 977 2332 2213 977 2434 0 0 0 0 0 

13 5 977 2332 2 3 1 3 977 2435 0 0 0 0 0 

977 2331 1328 977 2335 0 o 0 0 0 

15 y 977 2330 1428 977 2538 0 0 0 0 0 

16 5 977 2328 0 0 0 0 0 0 0 0 0 0 0 

014 977 2432 0 0 0 0 0 0 0 0 0 0 0 

114 977 2 5 3 0 0 0 0 0 0 0 0 0 0 0 0 

3 2 M 977 2 5 2 9 / 0 0 0 0 0 0 0 0 0 0 0 

4 1 7 2 8 977 2530 0 0 0 0 0 0 0 0 0 0 0 

1828 977 2428 0 0 0 0 0 0 0 0 0 0 0 

329 977 2529 0 0 0 0 0 0 0 0 0 0 o 

4 2 9 977 2530 0 0 0 0 0 0 0 0 0 0 0 

f 529 977 2428 0 0 0 0 0 0 0 0 0 0 0 

< 1729 977 2328 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 
0 0 
O 0 
o o 
0 0 

0 0 
0 0 
0 0 
o o 
0 o 
O 0 
0 0 
0 0 
o o 
0 0 

o 
0 
0 
o 
o 
o 
o 
0 
0 

o o 
o o 
o o 
O 0 
0 0 
O 0 
0 0 

0 0 

0 0 

0 o 
O 0 
O 0 
o o 
o o 
0 0 

SYMBOLS: X Selected wind record, but no associated valid wave record exists 

Selected wind record, included in the subset 

», 2,3,.. Number of wind record for selection using random number table 

Each wind record in the table consists of: 

hour, day, month, year, direction, speed 
10 

in the Fortran format (412, IX, 212). 

Note: Not every speed class in this table is used to select a record. In 
these cases other months of the season were used. 

13 



TABlf 2.1.3 

PERCENTAGE FREQUENCY DISTRIBUTION OF SPEED AND DIRECTION FOR LERWICK WINDS DURING THE PERIOD 1970-1979 

Mean Direction (degrees true) 

350 
-010 

020 
-040 

050 
-0 70 

080 
-100 

..... 

no 
-130 

140 
-160 

170 
-190 

200 
-220 

230 
-250 

260 
-280 

290 
-310 

320 
-340 

Variable TOTALS 

Calm - - - - - - - - - - - - - 1 .36 

1 -3 0.35 0.39 0.31 0.26 0.27 0.49 0,61 0.85 0.44 0.32 0.40 0.65 5.34 

4-6 0.76 0.70 0.59 0.45 0.56 1.27 1 .33 1.23 0.95 0.97 1 .07 1 .10 0.01 10.98 

7-10 1 .66 1 .48 0.90 0.68 1.17 2.31 2.99 1.93 2.16 2.23 2.1 1 1 .97 21.59 

11-16 2.47 2.11 1.17 0.66 1 .45 2.84 4.16 2.74 3.99 3.10 2.46 2.60 29.75 

17-21 1 .04 0.94 0.50 0.38 0.79 1 .60 1 .91 1 .72 2.73 1 .87 0.97 1.08 15.55 

22-27 0.46 0.52 0.24 0.18 0.49 1 .21 1.38 1 .42 2.22 1 .37 0.37 0.36 10.22 

28-33 0.10 0.17 0.06 0.03 0.18 0.48 0.57 0.66 0.82 0.52 0.13 0.11 3.83 

34-40 0.02 0.04 0.01 0.01 0.04 0.11 0.17 0.21 0.30 0.19 0.03 0.02 1 . 14 

41-47 0.02 0.02 0.01 0.02 0.05 0.03 0.14 

48-55 0.01 0.02 0.03 

56-63 

Over 63 

TOTALS 6,86 6.36 3.80 2.66 4.94 10.33 13.14 10.79 13.68 10.60 7.53 7.90 0.01 98.58 

CO 
u 

13 
(U 
Q) 
O. 
CO 

§ 

(1 kt or more) 
Defective records 0.05 

Total 99.99 



TABLE 2.1.4 

1X)NG TERM MONTHLY DISTRIBUTION OF SPEED AND DIRECTION FOR LERWICK WINDS DURING THE PERIOD 1970-1979 JANUARY 

Mean Direction (degrees true) 

350 
-010 

020 
-040 

050 
-070 

080 
-100 

110 
-130 

140 
-160 

170 
-190 

200 
-220 

230 
-250 

260 
-280 

290 
-310 

320 
-340 

Variable TOTALS 

Calm - - - — - - - - - — - — 123 

1-3 14 13 21 12 11 13 18 46 39 29 23 52 291 

4-6 34 8 6 11 27 18 46 72 66 51 56 76 ,2 473 

7-10 90 30 27 47 77 71 89 130 139 106 142 147 1095 

11-16 120 45 90 49 107 213 253 241 215 117 156 187 1793 

17-21 47 30 48 67 138 351 175 212 120 114 64 86 1452 

22-27 33 48 18 11 78 353 232 221 175 109 34 38 1350 

28-33 20 18 5 15 177 100 95 83 60 24 10 607 

34-40 2 12 5 2 50 36 25 23 39 4 4 202 

41-47 2 13 5 4 5 10 39 

48-55 2 1 1 4 

56-63 1 1 

Over 63 

TOTALS 362 217 220 197 455 1251 949 1049 866 636 503 600 2 7307 

Ln 

CO 
i J 

'd (U Q) CL 
CO 

s 

(1 kt or more) TOTAL 7430 

Example of monthly long term wind distribution obtained from the Meteorological Office 



ON 

TABLE 2.2.1 SPEED AND DIRECTION DISTRIBUTION OF WIND RECORDS TO BE SELECTED 

Mean direction (degrees true) 

CO 
4 J 

-o 
0) 
0) 
a 
CO 

350 
-010 

020 
-040 

050 
-070 

080 
-100 

110 
-130 

140 
-160 

170 
-190 

200 
-220 

230 
-250 

260 
-280 

290 
-310 

320 
-340 

TOTALS 

Calm - — - - - - - - — — __ 5 

1-3 1 2 1 1 1 2 3* 3 2 1 2 3 22 

4-6 3 3 2 2 2 5 5 5 4 4 4 4 43 

7-10 7 6 4 3 5 9 12 8 9 9 8 8 88 

11-16 10 8 5 3 6 11 17 11 16 12 10 10 119 

17-21 4 4 2 2 3 6 8 7 11 7 4 4 62 

22-27 2 2 1 1 2 5 6 6 9 5 1 2* 42 

28-33 1 1 2 2 3 3 2 1 15 

34-40 1 1 1 1 4 

41-47 

48-55 

56-63 

Over 63 

TOTALS 27 26 15 12 20 40 54 44 55 41 30 31 395 

(1 kt or more) 
TOTAL 400 

*Classes with additional records included in trying to match annual long term distribution 



TABLE 2.2.2 LONG TERM DISTRIBUTION OF WIND SPEED AND DIRECTION BY SEASON 

Figures show percentage frequency of observations in each class for Winter 1970-1979 

Mean direction (degrees true) 

350 
-010 

020 
-040 

050 
-070 

080 
-100 

110 
-130 

140 
-160 

170 
-190 

200 
-220 

230 
-250 

260 
-280 

290 
-310 

320 
-340 

TOTALS 

Calm - - - - - - - - - — — — 1 .67 

1-3 0.31 0.24 0.23 0.21 0.13 0.24 0.28 0.84 0.36 0.33 0.39 0.63 4.19 

4-6 0.48 0.17 0.21 0.27 0.38 0.35 0.55 1 .18 0.83 0.66 0.93 1 .10 7.11 

7-10 1 .35 0.46 0.38 0.70 1.03 1.22 1 .46 1.98 1 .65 1.46 1.76 1 .66 15.1 1 

11-16 1.78 1.11 1 .07 0.89 1 .35 • 2.65 3.65 3.33 2.93 1 .94 1 .82 2.28 24.80 

17-21 0.69 0.53 0.60 0.76 1 .27 3.15 2.71 2.49 2.10 2.03 1 .05 1.14 18.52 

22-27 0.36 0.49 0.30 0.35 1.21 3.27 2.66 2.47 3.09 2.18 0.55 0.54 17.47 

28-33 0.15 0.13 0.07 0.06 0.61 1.54 1.31 1.26 1.47 1 .03 0. 16 0.20 7.99 

34-40 0.01 0.06 0.03 0.05 0.11 0.33 0.33 0.39 0.65 0.44 0.05 0.04 2.49 

41-47 0.01 0.06 0.01 0.03 0.06 0.11 0.08 0.36 

48-55 0.04 0.04 0.01 0.09 

56-63 

Over 63 

TOTALS 5.14 3.25 2.89 3.30 6.09 12.78 12.95 14.04 13.23 10.16 6.71 7.59 98.13 

03 
4-1 

<U 
0) 
A 
CO 

§ 

(I kt or more) 
Total 99.80 



TABLE 2.2.3 LONG TERM DISTRIBUTION OF WIND SPEED AND DIRECTION BY SEASON 

Figures show percentage frequency of observations in each class for Spring 1970-1979 

Mean direction (degrees true) 

350 
-010 

020 
-040 

050 
-070 

080 
-100 

no 
-130 

140 
-160 

170 
-190 

200 
-220 

230 
-250 

260 
-280 

290 
-310 

320 
-340 

TOTALS 

Calm - - - - - - - - - - - - 1 .20 

1-3 0.29 0.46 0.31 0.24 0.26 0.44 0.47 0.85 0.42 0.27 0.47 0.68 5.16 

4-6 0.60 0.89 0.85 0.65 0.67 1.46 0.94 1 .07 0.84 0.91 1 .02 1 .03 10.93 

7-10 1.46 2.30 1 .34 0.89 1 .59 2.99 2.68 1 .48 1 .83 1 .67 1 .49 1 .79 21 .51 

11-16 3.18 3.19 1 .89 0.76 2.35 3.83 4.26 2.37 3.09 2.38 2.30 2.89 32.%9 

17-21 2.37 1 .59 0.76 0.44 0.73 1 .41 2.20 1 .50 2.29 1 .55 1 .00 1 .52 17.36 

22-27 0.50 0.81 0.44 0.22 0.22 0.58 1 .53 1 .07 1 .56 0.84 0.31 0.48 8.56 

28-33 0.06 0.27 0.06 0.01 0.01 0.11 0.57 0.52 0.50 0.19 0.16 0.08 2.54 

34-40 0.02 0.05 0.04 0.03 0.25 0.10 0.23 0.05 0.04 0.01 0.82 

41-47 0.01 0.01 0.05 0.07 

48-55 

56-63 

Over 63 

TOTALS 8.48 9.56 5.65 3.21 5.87 10.86 12.91 8.96 10.81 7.86 6.79 8.48 99.44 

00 

CO 
u 

13 
Q) 
Q) 
a 
CO 

(1 kt or more) 
Total 100.64 



TABLE 2.2.4 LONG TERM DISTRIBUTION OF WIND SPEED AND DIRECTION BY SEASON 

Figures show percentage frequency of observations in each class for Summer 1970-1979 

Mean direction (degrees true) 

350 
-010 

020 
-040 

050 
-0 70 

080 
- 100 

... -

110 
-130 

140 
-160 

170 
-190 

200 
-220 

230 
-250 

260 
-280 

290 
-310 

320 
-340 

TOTALS 

Calm - - - - - - - - - - — _ 1 .33 
1-3 0.45 0.58 0.46 0.39 0.50 0.88 1.11 0.91 0.49 0.37 0.33 0.44 6.91 

4-6 1.13 1.23 0.98 0.58 0.86 2.44 2.70 1 .43 1.31 1 .37 1.02 0.96 16.01 

7-10 1.73 2.48 1.33 0.73 1.14 3.34 5.25 2.1 1 3.29 3.57 2.45 2.08 29.50 

11-16 2.54 3.13 0.92 0.56 0.68 1.75 4.28 2.33 5.53 4.63 3.11 2.39 31.85 

17-21 0.78 1.65 0.17 0.10 0.05 0.15 0.59 1.22 3.07 1 .68 0.78 0.66 10.90 

22-27 0.23 0.43 0.10 0.02 0.01 0.15 0.54 1 .15 0.57 0.25 0.13 3.58 

28-33 0.06 0.10 0.12 0.07 0.01 0.36 

34-40 0.01 0.01 0.02 

41-47 

48-55 

56-63 

Over 63 

TOTALS 6.86 9.56 3.96 2.38 3.23 8.57 14.08 8.65 14,97 12.26 7.94 6.67 99.13 

CO 
u 

TJ 
(U 
0) 
CX 
CO 
g 

(1 kt or more) Total 100.46 



TABLE 2.2.5 LONG TERM DISTRIBUTION OF WIND SPEED AND DIRECTION BY SEASON 

Figures show percentage frequency of observations in each class for Autumn 1970-1979 

Mean direction (degrees true) 

o 

u 

•s 
A 
CO 

350 
-010 

020 
-040 

050 
-070 

080 
-100 

110 
-130 

140 
-160 

170 
-190 

200 
-220 

230 
-250 

260 
-280 

290 
-310 

320 
-340 

TOTALS 

Calm - - - - - - - - - - — — 1 .25 
1-3 0.36 0.26 0.20 0.19 0.18 0.38 0.52 0.81 0.36 0.31 0.45 0.84 4.86 
4-6 0.83 0.45 0.29 0.29 0.30 0.76 1 .07 1 .22 0.81 0.90 1 .30 1 .33 9.55 
7-10 2.08 0.60 0.53 0.39 0.90 1.61 2.47 2.16 1 .83 2.17 2.74 2.35 19.83 
11-16 2.35 0.89 0.78 0.45 1 .40 3.13 4.43 2.99 4.38 3.41 2.59 2.85 29.65 
17-21 1.04 0.51 0.50 0.24 1.16 1 .78 2.21 1 .72 3.48 2.24 1 .05 1 .00 16.93 
22-27 0.75 0.36 0.14 0.12 0.57 1.10 I .25 1.64 3.14 1 .99 0.39 0.30 11 .75 
28-33 0.18 0.21 0.11 0.03 0.13 0.32 0.45 0.81 1.23 0.84 0.20 0.16 4.67 
34-40 0.03 0.05 0.08 0.10 0.34 0.32 0.30 0.04 0.04 1.30 
41-47 0.02 0.05 0.04 0.11 

48-55 0.02 0.02 

56-63 

Over 63 

TOTALS 7.62 3.33 2.55 1 .71 4.64 9.18 12.50 11.69 15.62 12.20 8.76 8.87 98.67 

(1 kt or more) 
Total 99.92 



TABLE 2.2.6 FINAL DISTRIBUTION OF SUBSET WINDS 

Figures show number of wind records required in each class 
with their seasonal breakdown 

Mean direction (degrees true) 

350 
-010 

020 
-040 

050 
-070 

080 
-100 

110 
-130 

140 
-160 

170 
-190 

200 
-220 

230 
-250 

260 
-280 

290 
-310 

320 
-340 

1-3 

1 0 
0 
1 
0 

2 0 
1 
1 
0 

1 0 
0 
1 
0 

1 0 
0 
1 
0 

1 0 
0 
1 
0 

2 0 
1 
1 
0 

3 0 
1 
1 
1 

3 1 
1 
1 
0 

2 0 
1 
1 
0 

1 0 
0 
1 
0 

2 0 
1 
0 
1 

3 1 
1 
0 
1 

Winter 
Spring 
Summer 
Autumii 

4-6 

3 0 
1 
1 
1 

3 0 
1 
1 
1 

2 0 
1 
1 

2 0 
1 
1 
0 

2 0 
1 
1 
0 

5 0 
2 
2 
1 

5 0 
1 
3 
1 

5 1 
1 
2 
1 

4 1 
1 
1 
1 

4 1 
1 
1 
1 

4 1 
1 
1 
1 

4 1 
1 
1 
1 

7-10 

7 1 
2 
2 
2 

6 0 
2 
3 
1 

4 1 
1 
1 
1 

3 1 
1 
1 
0 

5 1 
2 
1 
1 

9 1 
3 
3 
2 

12 1 
3 
5 
3 

8 2 
2 
2 
2 

9 2 
2 
3 
2 

9 1 
2 
4 
2 

8 2 
1 
2 
3 

8 2 
2 
2 
2 

1 1-16 

CO 
u 

10 2 
3 
3 
2 

8 1 
3 
3 
1 

5 1 

1 
1 

3 1 
1 
1 
0 

6 1 
2 
1 
2 

11 2 
4 
2 
3 

17 4 
4 
4 
5 

11 3 
3 
2 
3 

16 3 
3 
6 
4 

12 2 
2 
5 
3 

10 2 
2 
3 
3 

10 2 
3 
2 
3 

1 17-21 
c x 
CO 

4 0 
2 
1 
1 

4 0 
2 
2 
0 

2 1 
1 
0 
0 

2 1 
1 
0 
0 

3 1 
1 
0 
I 

6 3 
1 
0 
2 

8 3 
2 
1 
2 

7 2 
2 
1 
2 

11 2 
2 
3 
4 

7 2 
1 
2 
2 

4 1 
1 
1 
1 

4 1 
1 
1 
1 

§ 
s 
22-27 

2 0 
1 
0 
1 

2 1 
1 
0 
0 

1 0 
I 
0 
0 

1 I 
0 
0 
0 

2 1 
0 
0 
1 

5 3 
1 
0 
1 

6 3 
2 
0 
1 

6 2 
1 
1 
2 

9 3 
2 
1 
3 

5 2 
1 
0 
2 

I 1 
0 
0 
0 

2 1 
1 
0 
0 

28-33 

1 0 
1 
0 
0 

1 1 
0 
0 
0 

2 2 
0 
0 
0 

2 1 
1 
0 
0 

3 1 
1 
0 
1 

3 1 
1 
0 
1 

2 1 
0 
0 
1 

1 0 
0 
0 
1 

34-40 

I 1 
0 
0 
0 

1 I 
0 
0 
0 

1 1 
0 
0 
0 

1 1 
0 
0 
0 

Over 41 

Calm 
Records 

5 2 
1 
1 
1 

21 



TABLE 3.2.2 
AN example OF THE SPECTRUM FILES 

FOULA SPECTRUM 1OO 
79 238 9 0 
1. 93 7, 51 5. 65 

213 
O 15130E 02 
0. 1753SE 01 
0. 23356E 00 
O 37073E-01 
0.73054E-02 
0. 18496E-02 
O. 60273E-03 
O. IS'SSOE 01 
0. 0255 0 19422E -01 
0. 0355 0. S0255E -02 
0 0455 0 20205E -01 
0. 0555 0 21251E -01 
0. 0655 0. 57200E -01 
0. 0755 0. 62259E 00 
0. 0855 0. 30118E 01 
0. 0955 0. 23521E 01 
0. 1055 0 16190E 01 
0. 1155 0. 88532E OO 
0 1255 0. 9335eE 00 
0. 1355 0. 96773E 00 
0. 1455 0. 17619E 01 
0. 1555 0. 20465E 01 
0. 1655 0. 10775E 01 
0. 1755 0. 14430E 01 
0. 1855 0. 10235E 01 
0. 1955 0. 92495E 00 
0. 2055 0. 68131E 00 
0. 2155 0 60019E 00 
0. 2255 0 57920E 00 
0. 2355 0. 32695E 00 
0. 2455 0 29453E OO 
0. 2555 0. 30146E 00 
0. 2655 0. 19265E 00 
0. 2755 0 19069E 00 
0. 2855 0. IIIOIE OO 
0 2955 0 61063 E--01 
0: 3055 0. 13612E 00 
0. 3155 0. 10895E 00 
0. 3255 0. 98044E--01 
0. 3355 0. 10374E 00 
0. 3455 0. 51845E--01 
o 3555 0, 76217E--01 
0. 3655 0. 42060E--01 
0. 3755 0. 84714E-•01 
0. 3855 0. 52024E-01 
0. 3955 0. 49028E-•oi 
0. 4055 0. 42744E--01 
o 4155 0. 44620E-01 
0. 4255 0. 34815E-•01 
0. 4355 0. 11875E--01 
0. 4455 0. 26080E-•01 
0. 4555 0. 27983E-•01 
0. 4655 0. 24108E-•01 
o. 4755 0 13592E--01 
0. 4855 0. 97958E-•02 
o. 4955 0. 20220E-•01 
0. 5055 0. 28702E-•01 
0. 5155 0. 14281E-01 
0. 5255 0. 21412E-•01 
0. 5355 0. 15336E-01 
0. 5455 0. 90734E-02 
0. 5555 0. 12486E-01 
0. 5655 0 72923E-02 
0. 5755 0. 58669E-02 
0. 5855 0. 12901E-01 
0. 595? 0. 11149E-01 
0. 6055 0. 11121E-01 
0. 6155 0. 92e82E-02 
0. 6255 0. 82851E-02 
0. 6355 0 48209E-02 
0. 6455 0. 41449E-02 
o 6555 0. 81572E-02 

22 
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RELATIVE POSITIONS OF THE FOULA AND S.UIST SITES 
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PLOT O F CORRELATION WITH LAG FOR THE COMPARISON OF 
FOULA AND SOUTH UIST OFFSHORE POWER. 
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6. INDEX TO WAVE SPECTRA 

For the purpose of this index the data have been grouped into classes of 

significant wave height (Hs) 0.5 m in width, and the records have been arranged 

in descending order of energy period (Te) within each of these classes. The 

classes were then arranged in ascending order of significant wave height and the 

ordered records were allocated serial numbers from 1 to 400. 

The index, then, comprises one line summaries including the serial number, 

Hs, Te, Tz, wind direction, wind speed and 7 spectral moments from M-2 to M4, 

for each of the 400 spectra. 

(The moments are written in the index in Fortran E format: 0.9404E-01 

being equivalent to 0.9404 x 10 '.) 

The files have been written to the computer compatible medium in index 

order. 

As an adjunct to the index all the spectra have been plotted in index order, 

8 to a page. 

In each of these plots the ordinate is spectral density, S(f), plotted in 

units of metres2/Hz and the abscissa is frequency in Hz. 

For economy in plotting, the axes are unlabelled except for an indication 

of the ordinate full scale value; the frequency range of the abscissa is from 

0.0 to 0.5 Hz. 

These points are illustrated in the following example: 
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OIOQO*'4̂ 4'IOOÎ 04'OflO(̂ (k4' 
m(KO^<xco^^«fmN(N»ioio^mn^om(Dsioio^ 
ooKKMrZKf<rCrsNK<(<(^4) <(̂ <)4)mioidioidio 
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SERIAL HS TE TZ WIND WIND MOMENT -2 MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 
NO. METRES SECS SECS DIR DEG SPEED KTS 

76 1. 09 5. 48 4. 13 170 6 0. 2672E 01 0. 4108E 00 0. 7490E-•01 0. 1639E-01 0. 4397E--02 0. 1464E--02 0. 5919E--03 
77 1. 03 5. 41 4. 27 SO 2 0. 2182E 01 0. 3582E 00 0. 6615E-•01 0. 1411E-01 0, 3629E-•02 0. 1158E--02 0. 4514E-•03 
78 1. 41 5. 41 3. 94 130 12 0. 4389E 01 0. 6752E 00 0. 1249E 00 0. 2834E-01 0 e043E--02 0. 2835E--02 0. 1154E-•02 
75 1. 39 5. 10 4. 01 170 10 0. 3644E 01 0. 6155E 00 0. 1208E 00 0. 2770E-01 0. 7518E--02 0. 2433E--02 0. 9318E-•03 
80 1. 02 4. 40 3. 26 130 7 0. 1611E 01 0. 2865E 00 0. 4 505E--01 0. 1829E-01 0 6107E--02 0. 2246E--02 0. 1015E-•02 
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SERIAL HS TE TZ WIND WIND MOMENT -2 
NO. METRES SECS SECS DIR DEG SPEED KTS 

131 
1S2 
133 
134 
135 
136 
137 
.138 
13? 
140 
141 

MOMENT -1 MOMENT 0 MOMENT 1 

I. 74 6. 46 5. 25 260 10 0. 8749E 01 0. 1226E 01 0. 1897E 00 0. 3327E-01 0. 
1. 72 6. 43 5. 01 10 10 0. 8594E 01 0. 1195E 01 0. 1858E 00 0. 3359E-01 0. 
1. 85 6. 43 4. 93 SOO 12 0. 9885E 01 0. 1377E 01 0. 2142E 00 0. SS97E-01 0. 
1. 70 6. 20 4. 82 150 9 0. 8430E 01 0. 1118E 01 0. 1803E 00 0. 2461E-01 0. 
I. 72 6. 07 4. 67 140 4 0. 7626E 01 0. 1125E 01 0. 1854E 00 0 S576E-01 0. 
1. 62 6 06 4 33 110 16 0. 7373E 01 0. 599SE 00 0, 1648E 00 0. 3368E-01 0. 
1. 36 6. 01 5. 02 360 12 0. 8S98E 01 0. 1293E 01 0. 2151E 00 0. 3969E-01 0. 
1. 75 5. 27 4. 40 20 20 0. 5799E 01 0. 1008E 01 0. 1911E 00 0. 4033E-01 0. 
1. 85 5 26 4, 45 80 16 0. 6617E 01 0. 1125E 01 0. 2139E 00 0. 4538E-01 0. 
1. 51 5. 20 4. 36 270 16 0. 4323E 01 0. 7416E 00 0. 1427E 00 0. 3059E-01 0. 
1. 68 4. 97 4. 10 200 8 0. 4987E 01 0. 6732E 00 0. 1758E 00 0. 4033E-01 0. 

MOMENT 2 

7773E-02 
8519E-02 
8804E-02 
8524E-02 
9850E-02 

1045E-01 

MOMENT 3 

0. 1738E-02 
0. 2057E-02 
0. 2593E-02 
0. 20S5E-02 
0. 2561E-02 
0. 2877E-02 
0. 225SE-02 
0. 2894E-02 
0. 2912E-02 
0. 2100E-02 
0. 3032E-02 

MOMENT 4 

0. S382E-03 
0. 7180E-03 
0. 9706E-03 
0. 6213E-03 
0. 9744E-03 
0. 1144E-02 
0. 7568E-03 
0.1033E-02 
0. 8907E-03 
0. 7035E-03 
0. 9812E-03 
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fTiinniniinfnfTirTifTifnfflfTifTifnninirTimmnimrniTinfTifTirnîf̂  
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SERIAL HS TE TZ WIND WIND MOMENT -2 MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 
NO. METRES SECS SECS DIR DEC SPEED KTS 

192 2. 18 6. 99 5. 44 170 12 0. 1603E 02 0. 207 IE 01 0. 2962E 00 0. 4905E--01 0. lOOOE--01 0. 2653E--02 0. 9149E--03 
1$3 2. 37 6. 97 5. 74 180 23 0. 1855E 02 0. 2439E 01 0. 3498E 00 0. 5631E--01 0. 1061E--01 0, 2434E--02 0. 683eE--03 
154 2. 34 6. 88 5. 48 180 12 0. 1833E 02 0. 2356E 01 0. 3423E 00 0. 5736E--01 0. 1140E--01 0. 2754E--02 0. 8104E--03 
155 2. 01 6. 68 5. 35 100 17 0. 1303E 02 0. 1696E 01 0. 2537E 00 0. 4391E--01 0. 8880E--02 0. 2130E--02 0. 6107E--03 
196 2. 01 6. 56 5. 08 230 17 0 1211E 02 0. 1662E 01 0. 2532E 00 0. 4465E--01 0. 9794E--02 0. 2837E--02 0. 1071E--02 
197 2, 01 6. 49 4. 71 110 8 0. 1370E 02 0. 1631E 01 0. 2513E 00 0. 4e51E--01 0. U31E--01 0. 3102E--02 0. 9825E--03 
198 2. 30 6. 47 5. 14 170 IS 0 1543E 02 0. 2136E 01 0. 3302E 00 0. 5885E--01 0. 1250E--01 0. 3214E--02 0. 9883E--03 
199 2. 17 6. 45 4. 97 200 22 0. 1457E 02 0. 1905E 01 0. 2954E 00 0. 5446E--01 0. 1156E--01 0. 3135E--02 0. 9759E--03 
200 2. 15 6. 42 5. 13 230 14 0. 1322E 02 0. 1846E 01 0. 2877E 00 0. 5156E--01 0. 1055E--01 0. 2795E--02 0; 8524E--03 
201 2. 20 6. 39 5. 26 350 10 0. 1354E 02 0. 1931E 01 0. 3020E 00 0. 5328E--01 0. 1090E--01 0. 2643E--02 0. 7625E--03 
202 2. 31 6. 25 5. 44 360 21 0. 1387E 02 0. 20e0E 01 0. 3325E 00 0. 5782E--01 0. 1126E--01 0. 2564E--02 0. 7019E--03 
203 2. 30 6. 15 4. 93 250 17 0. 1S57E 02 0. 2025E 01 0. 3292E 00 0. 6080E--01 0. 1355E--01 0. 3847E--02 0. 1394E--02 
204 2, 41 6. 08 5. 13 140 16 0. 1466E 02 0. 2202E 01 0. 3619E 00 0. 6611E--01 0. 1S73E--01 0. 3320E--02 0. 9485E--03 
205 2, 02 6. 03 5. 06 140 15 0. 1015E 02 0. 1531E 01 0. 254 IE 00 0. 4699E--01 0. 9513E--02 0 2442E--02 0. 7108E--03 
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o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

WNWWW^WWW^^WWOI^OKh 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
WhJK)*s)h)KiMS)NNNWhJNWNWNK»NWN)K)WK)WhOK)MNNWWWNK)K)M 

O O O O 
K> K) K) N 

K) K) H. H. 
N # ^ m 
0̂  CD O 0* K) CO 00 m m m m 

P 
L 

F 
I 
I 
N 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
WWMWWWWWWWWWWWW^WW('^WWWWW^WW^^W(JW^^WWWW*W^W*^^»M*OIW M(WMW^»^<h*X)M@a)»»^WOW^»*W^UIOON(NmWO<>mK)H.»^N<^W>4Sa>O(hNUIV)mN0IWM 
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o o o o o o o o o o o o o o o o o o o o o o o o o o o 

I 

o o o o o o o o o o o o o o o o o o o o o o o o o o o 
wwwwwwwwwwwwwwwwwwwwwwwwwww 
CDW^NCO^IDlO^^OOONIOiN-^CD^r^tfOa^^^NNCD «̂ C*)̂ l0OCM*̂ OO(0(Si0̂ <̂0\ANN-̂ Ntf)NNCNr>'̂  00*^0*^^*^0'^N0*^^0(S000^»**0*^00»^*^0 
Vi V4 wH V* vH *-* v4 ^ ^ «-* ^ ^ v-4 t-i «-* vH W wH 

d d d d d d d d d d d d d d d d d d d d d d d d d d d 

I 
CM (M N 
o o o 
www 

8S8 

o o o 

o o o o o o o o o o o o o o o o o o o o o o o o 

d d d d d d d d d d d d d d d d d d d d d 

www 
55̂ !? 
«-i St ̂  (X (X (D 
d d d 

7 

i 
J 

*-* w 

I ' 

mmmmmmwmmmmmmNmwi'jNNNNNNNNNN 
o o o o o o o o o o o o o o o o o o o o o o o o o o o 
wwwwwwwwwwwwwwwwwwwwwwwwwww 
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SERIAL MS- TE TZ WIND WIND MOMENT -2 MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 
NO. METRES SECS SECS DIR DEG SPEED KTS 

366 5. 42 11. 80 9. 09 260 16 0. 2763E 03 0. 2163E 02 0. 1833E 01 0. 1780E 00 0. 2217E--01 0. 4108E--02 0. 1183E-•02 
367 5. 06 11. 31 8. 16 190 33 0. 2292E 03 0. 1811E 02 0. 1602E 01 0. 1709E 00 0. 2406E--01 0. 4742E-•02 0. 12S9E-•02 
368 5. 19 10. 64 8. 16 230 22 0. 2114E 03 0. 1793E 02 0. 1685E 01 0. 1842E 00 0. 2519E--01 0. 4702E--02 0. 1255E--02 
369 5. 26 10. 35 8. 39 260 14 0. 1996E 03 0. 1792E 02 0. 1732E 01 0. 1874E 00 0. 2458E--01 0. 4440E--02 0. 1198E--02 
370 5. 48 10. 09 7. 86 290 14 0. 2095E 03 0. 1897E 02 0. 1880E 01 0. 2145E 00 0. 3042E--01 0. 5798E--02 0. 1512E--02 
371 5. 21 10. 06 8. 18 240 25 0. 1902E 03 0. 1772E 02 0. 1761E 01 0. 1955E 00 0. 2632E--01 0, 4739E--02 0. 1187E--02 
372 5. 09 9. 93 7. 94 70 17 0. 1711E 03 0. 1605E 02 0. 1617E 01 0. 1839E 00 0. 2565E--01 0. 4804E--02 0. 1234E--02 
373 5. 17 9. 67 7, 72 270 21 0 1699E 03 0. 1618E 02 0. 1673E 01 0. 1960E 00 0. 2805E--01 0. 545 lE--02 0. 1524E--02 
374 5. 31 9. 31 7. 64 340 24 0. 1636E 03 0. 1640E 02 0. 1761E 01 0. 2107E 00 0. 3015E--01 0. 5695E--02 0. 1520E--02 
375 5 22 S. 99 7. 34 270 26 0. 1493E 03 0. 1534E 02 0. 1706E 01 0. 2126E 00 0. 3165E--01 0. 6194E--02 0. 1712E--02 
376 39 8. 95 7. 54 10 24 0. 1555E 03 0. 1626E 02 0. 1817E 01 0. 2236E 00 0. 3194E--01 0. 5736E--02 0, 1397E--02 
377 5. 11 8. 74 7. 35 150 27 0. 1336E 03 0. 1429E 02 0. 1634E 01 0. 2062E 00 0. 3028E--01 0, 5548E--02 0. 1337E--02 
378 5. 04 8. 57 7. 00 220 24 0. 1275E 03 0. 1363E 02 0. 1590E 01 0. 2089E 00 0. 3243E--01 0. 630 lE--02 0. 1583E--02 
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SERIAL HS TE TZ WIND WIND MOMENT -2 MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 
NO. METRES SECS SECS DIR DEG SPEED KTS 

289 6. 48 11. 50 8. 79 210 20 0. 3796E 03 0. 3020E 02 0. 2626E 01 0. 2645E 00 0. 3402E--01 0. 6218E--02 0. 1445E-•02 
390 6. 32 10. 67 8. 53 220 27 0. 3067E 03 0. 2663E 02 0. 2497E 01 0. 2644E 00 0. 3433E--01 0. 6126E--02 0. 1614E-•02 
391 6. 41 10. 54 8. 53 240 24 0. 3079E 03 0. 2710E 02 0. 257IE 01 0. 2733E 00 0. 3534E--01 0. 6319E--02 0. 1687E--02 
392 6. 11 10. 29 8. 30 250 29 0. 2667E 03 0. 240IE 02 0. 2333E 01 0. 2550E 00 0. 3388E--01 0. 6067E--02 0. 1542E--02 
393 i. 13 10. 27 8. 31 20 22 0. 268IE 03 0. 2408E 02 0. 2345E 01 0. 2577E 00 0. 3397E--01 0, 5828E--02 0. 1382E-•02 



SERIAL HS TE TZ WIND WIND MOMENT -2 MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 
NO. METRES SECS SECS DIR DEC SPEED KTS 

394 6. 81 11. 49 8. 97 340 21 0. 4147E 03 0. 3333E 02 0. 290IE 01 0. 2886E 00 0. 3607E-•01 0. 6360E-•02 0. 1659E-•02 
395 6 72 10. 98 8. 89 330 21 0. 3690E 03 0. 3101E 02 0. 2825E 01 0. 2895E 00 0. 357 lE-•01 0. 5820E-02 0. 1330E-02 
394, 6. 82 9, 98 8. 31 200 31 0. 3105E 03 0. 290IE 02 0. 2905E 01 0. 3226E 00 0. 4207E-•01 0. 6999E-•02 0. 1599E--02 



METRES SECS SECS D^^DEG SPEEDVS MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 

397 7.11 14.20 11.07 210 19 0. 6803E 03 0. 449IE 02 0. 3163E 01 0. 2518E 00 0. 2581E-01 0. 4125E-02 0. 1097E-02 



SERIAL HS TE TZ WIND WIND MOMENT -2 MOMENT -1 MOMENT 0 MOMENT 1 MOMENT 2 MOMENT 3 MOMENT 4 
NO. METRES SECS SECS DIR DEO SPEED KTS 

398 8. 24 12. 71 9. 71 270 36 0. 7493E 03 0. 5397E 02 0. 4245E 01 0. 3860E 00 0. 4505E--01 0. 7737E-02 0. 2073E--02 
399 8. 29 11. 23 9. 46 280 32 0. 5803E 03 0. 4827E 02 0. 4298E 01 0. 4216E 00 0. 47?8E--01 0. 6965E-02 0. 1449E--02 
400 8. IS 10. 89 9. 01 310 22 0. 5260E 03 0. 4499E 02 0. 4131E 01 0. 4217E 00 0. 5093E--01 0. 8010E-02 0. 1789E--02 
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100.On HS 5.65 M 

TE 12.29 S 

50.Oi HS 5 . 9 1 n 

TE 10.42 S 

380 384 



1 0 0 a Ch HS 5.18 n 

TE 10.23 S 

100.Oi HS 6.48 n 

TE 11.50 S 

385 389 

100.0-1 

386 

HS 5.81 n 

TE 9.95 S 

100.0-1 HS 6.32 n 

TE 10.61 S 

390 

100.0-1 HS 5.94 M 

TE 9.03 S 

50.01 HS 6.41 n 

TE 10.54 S 

381 391 

100.On HS 5.56 n 

TE 9.03 S 

50.(h HS 6.11 M 

TE 10.29 S 

388 392 



•100 uO- HS Gol3 n 

TE 10.29 S 

200.0- HS 9.11 M 

TE 14.20 S 

393 399 

100.On HS 6.81 n 

TE 11.48 S 

200.On HS 8.24 n 

TE 12.91 S 

J 
394 398 

100.On HS 6.92 n 

TE 10.98 S 

100.0-1 HS 8.29 n 

TE 11.23 S 

395 • 399 

100.On HS 6.82 n 

TE 9.98 S 

100.On HS 8.13 n 

TE 10.89 S 

396 400 




