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ABSTRACT 

There appears to have been an error in estimates of s i gn i f i can t wave 

height (Hg) and zero-up-cross period (T^) from the Mk 1 Shipborne Wave 

Recorder f i t t e d in the Seven Stones Light Vessel from May 1978 to July 

1981. This document reports on a comparison o f Hg and Tz values 

obtained simultaneously at Seven Stones and from a Waverider moored West of 

the Is les of Sc i l l y which confirms the e r ro r . I t concludes that estimates 

of Tz a t Seven Stones from 1978 to 1981 should be increased by 18% and 

gives an expression for correct ing the estimates of Hg. 





- 7 -

1. INTRODUCTION 

A study of s ign i f i can t wave heights and zero-up-cross periods (Hg and 

T2) obtained from the Shipborne Wave Recorder (SBWR) f i t t e d in the Seven Stones 

Light Vesssel indicated a probable er ror in the values obtained between May 1978 

and July 1981. The problem is well i l l u s t r a t e d by Figs. 1 and 2 showing the 

scat terp lots for 1979 and 1982. The former shows very steep waves, some with a 

s ign i f i can t steepness of 1/7, and only one value with T2>l ls. These f igures 

suggest an error in values of T^ in the 1979 data sets. Any such error would 

also produce an error in the estimate of Hg because the correct ion which allows 

fo r the depth of the pressure sensors i s dependent upon T^ (see section 2) . 

In th is note we compare Seven Stones SBWR values w i th values, obtained a t 

the same time, from a Waverider o f f the Isles of S c i l l y . This comparison 

confirms the error in the Seven Stones data for 1978-81, and suggests a 

correct ion factor to be applied. 

2. SBWR RESPONSE 

The wave heights measured by the SBWR have to be corrected for the response 

of the instrument's f i l t e r s and for the depth of the pressure sensors below the 

sea surface. For the Mk 1 SBWR, f i t t e d in the Seven Stones L.V. un t i l i t was 

replaced by the Mk 2 in July 1981, the correct ion factor F is given by Page 

(1973) as: 

F = 0.83[1 + (8.8w)-2] Exp(2.5Da)Vg) (1) 

where w = 

and D = depth of the pressure measurements. 

For the Seven Stones L.V. the value of D was 2.44m ( 8 f t ) pr ior to i t s 1981 

r e f i t and 2.6m afterwards. Because of these large values for D, F is very large 

fo r short period waves. For example, i f Tz = 4s then, w i th D = 2.44m, F = 3.9. 

Note that i s the value estimated by the SBWR. I t would seem more 

appropriate to base the pressure depth correct ion upon Tp, the period 

corresponding to the spectral peak frequency; but the SBWR tends to overestimate 

T2 (giv ing a value closer to Tp) which Crisp (1987) f inds is a reasonable 

period to use in (1 ) . 

The SBWR values also have to be corrected for any errors revealed by 

ca l ib ra t ions . A check of the Mk 1 system when i t was removed in July 1981 
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indicated no change in the s e n s i t i v i t y of the pressure sensors, but revealed a 

change in response of the port and starboard accel erometers since May 1978 of 

-16.3% and -6.4% respect ively wi th the accel erometers recording low (Wave 

Recorder Event Sheet dated 24 July 1981). An i nves t i ga t i on by Gleason (pers. 

comm. 1984) fa i l ed to resolve when th i s ca l i b ra t ion er ror was introduced. We 

shall assume that i t was present from the time the instrument was i n s t a l l e d . I t 

i s not possible to allow precisely for th is e r ro r , which resul ts in a component 

o f the ship 's motion in the recorded trace, but usually the mean of the 

accelerometer errors i s applied as an approximate c o r r e c t i o n . Thus wave heights 

to July 1981 should be increased by a factor C given by 

C = i . 1.13 12) 
2 ^83.7 93.6' 

3. THE DATA SETS 

The Seven Stones L.V. is between the Is les of S c i l l y and Cornwall in about 

60m water depth. The Waverider was moored west of the Is les of S c i l l y in a depth 

approaching 100m; the s i te was moved by about 2 m i l e s in 1982. The locat ions 

are shown in Fig. 3. Thus the SBWR and the Waverider were about 25n. miles 

apart . 

The Seven Stones data are at 3 hourly i n t e r v a l s throughout the period 

1979-85, with Hg and T^ estimated from char t records ( 'Tucker/Draper' 

ana lys is ) . The S c i l l i e s Waverider data also covers 1979-85; i n l a t e r years 

measurements were made at 1V2 hour i n te r va l s , but o n l y those w i th in 2 hour of 

the synoptic hours ( i . e . 3 hourly) have been used i n th i s comparison. Hg and 

Tg were calculated from spectral estimates. 

4. COMPARISON BETWEEN SBWR AND WAVERIDER MEASUREMENTS 

4 .1 Analysis 

Because of the e f f ec t of an error in the SBWR estimate of upon the 

estimate of Hg, i t was decided to compare the simultaneous measurements from 

the two instruments by value of the SBWR T^. Table 1 gives the means of the 

ra t i os of Hg a t Seven Stones to that a t S c i l l i e s f o r 1 second bands of T^, 

and the s imi lar means of the ra t ios of T^. The c a l i b r a t i o n correct ion 

(equation 2) has not been applied to the 1979-81 Seven Stones wave heights. Mote 



- 9 -

TABLE 1 

The ra t i os o f Hg and T^ measured by a SBWR 

i n the Seven Stones L.V. and by a Waverider o f f the I s l es o f S c i l l y 

f o r spec i f ied bands of T^ measured by the SBWR 

SBWR T^(s) 

S. Stones/H^ Sc i l l t e s T^ S. Stones/T^ S c i l l l e s 

1979-July 1981 Aug 1981-1985 1979-July 1981 Aug 1981-1985 
Mb Mean Mb Mean % Mean % Mean 

<5 283 1.52 120 1.85 10.3 1.07 1.7 1.12 

5-6 911 1.34 471 1.47 33.3 1.09 6.7 1.22 

6-7 834 1.20 1368 1.26 30.5 1.08 19.4 1.27 

7-8 450 1.10 1862 1.15 16.4 1.08 26.4 1.30 

8-9 187 1.03 1647 1.09 6.8 1.06 23.3 1.29 

9-10 64 0.97 954 1.05 2.3 1.05 13.5 1.28 

>10 9 0.95 638 1.02 0.3 1.03 9.0 1.27 

Al l 2738 1.25 7060 1.17 100.0 1.08 100.0 1.28 

TABLE 2 

As fo r Table 1 but w i th corrected values of Seven Stones data 

Hg S. Stones/H^ Soil l i e s 

SBWR T 1979-July 1981 
(corrected) Nb Mean 

S. Stones/T^ S c i l l i e s 

1979-July 1981 
% Mean 

<5 23 1.51 0.8 1.27 

5-6 314 1.30 11.5 1.27 

6-7 767 1.23 28.0 1.29 

7-8 783 1.17 28.6 1.29 

8-9 456 1.13 16.6 1.28 

9-10 251 1.07 9.2 1.24 

>10 148 1.05 5.4 1.24 

Al l 2742 1.18 100.0 1.28 
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that a few questionable values in the data sets were revealed by examining those 

fo r which the r a t i o of the wave heights or the per iods were greater than 3 .0 . 

Consequently, a l l such ' o u t l i e r s ' were omitted from the analysis. The to ta l 

number and percentage of data in each SBWR T^ band are a lso given. 

The table shows tha t over a l l the r a t i o of Hg was about 8% higher in 

1979-81 than in 1981-85; whi le the ra t i o of T^ was about 15% lower. For the 

long period waves, wi th SBWR T^ greater than about 8s, the estimates of Hg 

from the SBWR and the Waverider would seen on average to be in quite good 

agreement. The ra t i o of appear not to vary with the band. 

4.2 Results 

The SBWR T^ p r i o r to 1981 - which Fig. 1 suggests are in er ror - are 

considerably closer to the Waverider values than the post '81 values. In fac t 

such good agreement, pa r t i cu l a r l y of the short period waves would not be expected 

because of the d i f f e r e n t responses of the instruments. Table 1 in Carter and 

Tucker (1986) shows that for a Pierson-Moskowitz spectrum with T^ = 5.19s, the 

e f f e c t of high-frequency c u t - o f f leads to a SBWR T^ of 6.39s compared to a 

value from an instrument wi th a sharp c u t - o f f at 0.5Hz (more severe than the 

Waverider) of 5.43s, a r a t i o of 1.18. 

The analysis supports the contention that there was an error in the SBWR 

T^ fo r 1979-81. The method of est imating wave pe r i od w i th the instrument i n 

use un t i l August 1981 was based upon a time scale prov ided by the frequency of 

the ship's AC supply. This frequency was dependent upon the voltage of the 

sh ip 's generated DC, and T r i n i t y House now admits that the nominal voltage in the 

L.V. was probably not achieved (J. Dr iver , personal comm.). A reduction in 

voltage could explain the apparent under-estimation o f T^. (The new instrument 

f i t t e d in August 1981 has i t s own i n b u i l t t iming dev ice . ) 

4.3 Correcting the 1978-81 Data 

I f the voltage of the L .V. 's power supply v a r i e d s i g n i f i c a n t l y then no 

correct ion for errors in ind iv idual periods is p o s s i b l e , but assuming an 

approximately constant voltage throughout the commission (May 1978-July 1981) 

then Tz during th i s time should be 'corrected' by 1.280/1.082 = 1.18 (so that 

the mean ra t i o with the W/R measurements i s the same as post 1981). 
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The value of Hg then has to be recorrected to ad jus t for the change i n 

Tz in equation 1 and for the accelerometer co r rec t ion , equation 2, by 

mu l t ip l y ing by a fac tor R given by 

3/2 
R = 1 + (8.8coM-^j exp(2.5D((joM^/g) 

1 + (8.8w)-^ exp(2.5Du^/g) 

where w = 2%/Tz 

cô  = 2%/1.18Tz 

This reduces, wi th D = 2.44m, to 

R = 1.13 {1 + 0.000193Tz2}exp(-6.9181/Tz2) (3) 

where T^ i s the uncorrected value. 

The resu l ts of applying these correct ions to the 1979-81 data set are given 

in Table 2. Note that the s l i gh t change in the to ta l number of observations is a 

resu l t of omit t ing o u t l i e r s wi th ra t ios greater than 3 from the analysis. 

The ra t i o of Hg are now closer to the values fo r 1981-85, except f o r 

Tz<6s, wi th the overal l r a t i o w i th in 1%. The ra t ios o f Hg fo r the larger 

period waves, which w i l l include the high waves, are on average close to un i t y ; 

the small var ia t ions (wi th the SBWR giv ing on average higher values of Hg) may 

be due to re f rac t ion and to d i f ferences in t i d a l streams a t the two instruments, 

s i ted 25 miles apart . The larger ra t ios in Hg from the two instruments for 

shorter period waves is puzzl ing; i t could be due in par t to di f ferences in 

t i da l streams but probably resu l t mainly from inaccuracies in the correct ion for 

the depth of the SBWR pressure sensors. 

5. CONCLUSIONS 

A comparison of Hg and Tz values from the Shipborne Wave Recorder (SBWR) 

i n the Seven Stones Light Vessel and from a Waverider moored o f f the Is les of 

S c i l l y made between 1979 and 1985 confirm an error in the SBWR Tz values for 

the Mk 1 instrument in the Seven Stones L.V. from March 1978 to July 1981. This 

error could have arisen from a deviat ion in the Light Vessel 's DC vol tage. 

Assuming a constant e r ro r , then comparison of the SBWR and Waverider 

measurements between 1979 and 1985 suggests that values of Tz during the 

1978-81 commission should be increased by a fac tor of 1.18, to br ing them in to 

l i ne with SBWR values from 1981 to '85. 
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The consequent correct ion to the SBWR values of Hg includinq an increase 

of 13% to allow roughly fo r a change in the accelerometer 's response i s aiven hv 

equation 3. The appl icat ion of t h i s correct ion give va lues of Hg from the SBWR 

during 1978-81 which are consistent , when compared w i t h Waverider values, w i th 

those from la te r years. 

The comparison shows a considerable discrepancy between estimates of Hg 

from the SBWR and from the Waverider for short period waves (as measured by the 

SBWR). This is probably la rge ly due to the crude co r rec t i on that has to be made 

to the analogue data to allow fo r the depth of the pressure sensors, t h i s 

correct ion i s pa r t i cu l a r l y large for short period waves measured by the Seven 

Stones L.V. in which these sensor sare especial ly deep. However the estimates o f 

Hg from the two instruments for the longer period waves, which would include 

very high waves, are in considerably bet ter agreement. 
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Fig. 3. Location of the Shipborne Wave 
Recorder (SBWR) in the Seven Stones 
Light Vessel and locations of the 
Waverider buoys (W/R) off the Isles 
of Scilly. 
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