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1. INTRODUCTION 

Wave measurements were recorded o f f Holderness using two Waverider 

buoys, one nearshore, on s i te from March to June 1986, and one of fshore, on 

s i t e from March 1986 to March 1987. This report describes the wave cl imate 

as derived from these measurements. The work was funded by the UK Min is t ry 

o f Agr icu l tu re , Fisheries and Food. 

2. LOCATION 

The s i tes at which the wave measurements were taken are shown on the 

maps in f igure 1. The table below gives the mooring s i te de ta i l s , with 

bearing and distance referred to Hornsea on the Humberside coast. 

Lat i tude Longitude Bearing Distance Water Depth 
(n.m.) (Chart datum, 

metres) 

Nearshore Buoy 53°55'05"N 00°03'32"W E 3.7 12 

Offshore Buoy 53°55'56"N 00°01'24"E E by N 6.6 17 

Tidal heights above Chart Datum reach a maximum of 5.5-6.0 m, wi th a 

mean height of the order of 3.0 m. 

The receiving s i te for the FM buoy signals was at Hornsea Coastguard 

Stat ion. 

The s i te i s open to the North Sea from N through E to SSE. The sea 

f l o o r slopes gently downwards from the coast; there are no o f f - l y i n g banks 

in the immediate v i c i n i t y . 

3. MEASUREMENT AND RECORDING SYSTEMS 

Wave measurements were made using standard Waverider buoys moored as 

described by Humphery (1982). This instrument senses the ve r t i ca l 

accelerat ion of the buoy by means of a s tab i l i zed accelerometer and uses 

analogue double integrators to reconst i tu te the surface e levat ion. This 

information i s transmitted ashore via a high-frequency radio l i nk employing 

a frequency-modulated subcarrier to encode the wave height informat ion. 

At Hornsea, the buoy's transmissions were received and a counting 

arrangement (described in Thorne and Gleason, 1986) was used to decode the 



- 8 -

wave height informat ion. In t h i s way a measure of surface elevation was 

obtained at 0.5 second in terva ls in the form of a d i g i t a l count which was 

recorded on magnetic tape. The time between s t a r t s of successive records 

was 1.5 hours, and the length of each record was 34 minutes. 

4. MAINTENANCE 

The buoys were maintained on s i te by Hydraulic Research Ltd. and the 

shore s tat ion by lOS; special v i s i t s were made e i t h e r when data reception 

stopped or when data qua l i ty f e l l below acceptable standards. A local 

coastguard was responsible for tape and/or c a r t r i d g e changes, and fo r 

report ing any malfunctions. 

5. WAVE DATA COVERAGE, DATA PRESENTATION AND RESULTS 

The tables below give the percentage data r e t u r n by month, the to ta l 

data re turn, and the data return per season. 

Monthly data return {%) 

Year 1986 1987 

Month 3 4 5 6 7 8 9 10 11 12 1 2 3 

Nearshore 
Buoy 72.2 94.0 99.6 51.7 

Offshore 
Buoy 83.7 95.2 99.6 84.4 97.8 14.3 23.8 61.1 91.3 76.6 28.0 97.8 82.3 

Total Data Return 

Actual Total Possib le Total Actual % 

Nearshore Buoy 1551 1952 79.5 

Offshore Buoy 4848 6636 73.1 

Seasonal Data Return 

Actual Total Poss ib le Total Actual % 

Nearshore Buoy Spring 1303 1472 88.5 

Offshore Buoy Spring 1775 1968 90.2 

Summer 961 1472 65.3 

Autumn 827 1456 56.8 

Winter 985 1440 68.4 
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Figures 2-5 present as time series a l l Nearshore and Offshore records 

o f s i g n i f i c a n t wave height (Hg) and zero-up-crossing period (T^) over 

the recording per iod, where each v e r t i c a l bar above the time axis 

represents a va l i d record whose height i s propor t iona l to the value of Hg 

or Tg fo r that record. Missing or i n v a l i d records are represented as 

shor t ve r t i ca l bars below the time ax is . 

Two major breakdowns of receiv ing s i t e hardware occurred, a f f ec t i ng 

the data re turn of the Offshore buoy. The f i r s t resu l ted in the gap 

covering most of Ju ly and August 1986; the second resu l ted in the gap 

during January 1987. Mo d i f f i c u l t i e s were experienced wi th the buoy data 

transmission system; data re turn qua l i t y was a f fec ted by problems with the 

shore-based recept ion and recording systems. Some data may have been l o s t 

i n high sea states due to l i n e of transmission i n t e r r u p t i o n . 

S t a t i s t i c s of S i g n i f i c a n t Wave Height and Wave Period 

The maximum value of Hg recorded at the Nearshore s i t e occurred on 

the 10th Apr i l 1986 a t 0600 hours w i th Hg = 4.21 m and associated 

T^ = 7.47 s ; the maximum Offshore Hg occurred on the 7 th Apr i l 1986 a t 

2230 hours w i th Hg = 4.09 m and associated T^ = 6.48 s . 

The mean and maximum values of Hg recorded dur ing each ind iv idua l 

month are given in the tab le below. Figures in parentheses ind ica te values 

for a month wi th less than 50% va l i d records. 

Nearshore Buoy 

Month Mean Hg Maximum Hg 

3 0.69 2.90 

4 1.06 4.21 

5 0.58 1.52 

6 0.74 2.49 
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Offshore Buoy 

Month Mean Hg Maximum H 

3 0.76 3.12 

4 1.09 4.09 

5 0.65 1.62 

6 0.80 2.76 

7 0.51 1.14 

8 (0.72) (1.58) 

9 (0.62) (1.35) 

10 0.58 1.87 

11 1.04 3.00 

12 1.15 2.77 

1 (1.30) (2.59) 

2 0.96 2.46 

3 1.51 3.61 

Estimates of the p robab i l i t y d i s t r i bu t i ons o f Hg are included in 

f i gs .6 and 7 which present histograms giv ing the percentage occurrence of 

Hg over a l l data for both s i tes and over each season fo r the Offshore 

s i t e , with the Hg values grouped in 0.25 m bins. These histograms are 

the marginal Hg d i s t r i bu t i ons of scatterpl ots which were constructed 

al lowing for the va r ia t i on in the number of records per month. Note that 

the scat terp lo ts used to generate both the marginal Hg and marginal Tz 

d i s t r i bu t i ons are not those used to present the j o i n t (Hg, T^) 

d i s t r i bu t i ons , which are binned in 0.5 m steps. The p robab i l i t y values fo r 

each bin and each histogram are set out in Tables 1 and 2. 

Estimates of the f i f t y - y e a r return value of Hg, Hg(50), were 

obtained by f i t t i n g a Fi sher-Ti ppett Type I d i s t r i b u t i o n to the observed 

d i s t r i bu t i ons of Hg and extrapolat ing to the requ i red p r o b a b i l i t y . See 

the table below fo r a summary of the resu l ts , and see also f i gs .8 -10 , where 

the FT-1 d i s t r i b u t i o n is represented by the s o l i d s t r a i g h t l i n e ; the data 

were binned in 0.25 m steps, as above. Fig.10 (FT-1 f i t to Offshore Spring 

data) is included for comparison with the Nearshore FT-1 f i t . 
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Si te Period Hs(50) 
(m) 

locat ion parameter 
(m) 

scale parameter 
(m) 

Offshore A11 data 5.70 0.64 0.43 

Spring 6.10 0.67 0.52 

Summer 3.96 0.49 0.33 

Autumn 3.93 0.57 0.32 

Wi nter 5.02 0.92 0.39 

Nearshore Spring 5.34 0.51 0.46 

The Hg(50) fo r a l l the offshore data is 0.4 m less than that for 

j u s t the Spring data. The impl icat ion is that were a structure to be 

erected in the v i c i n i t y of the Offshore buoy s i t e , i t would experience 

worse condit ions were i t to be stationed there for f i f t y springs than i f i t 

were stationed for f i f t y f u l l years. More work is needed to resolve th is 

apparent d i f f i c u l t y , although i t may stem from the inadequacy of the 

funct ional form used to f i t the data, the short data ser ies, and the 

ext rapolat ion techniques. 

The Nearshore data are poorly f i t t e d by the FT-1 d i s t r i b u t i o n ; 

fur ther invest igat ion i s required but i t i s l i k e l y tha t shallow-water 

e f fec ts need to be taken in to account. 

The maximum recorded value of zero-up-crossing period occurred at 

the Nearshore s i te on 10th Apr i l 1986 at 0900 hours wi th T^ = 7.63 sec 

and associated Hg = 3.79 m; the Offshore maximum T^ occurred on 

29th March 1987 a t 1930 hours wi th T^ = 8.97 sec and associated 

Hg = 2.68 m. 

Figure 11 shows the j o i n t p robab i l i t y d i s t r i b u t i o n (or sca t te rp lo t ) o f 

Hg and T^ fo r the Nearshore buoy; f igures 12-16 show the seasonal and 

to ta l scatterpl ots fo r the Offshore buoy. When computing the scatterpl o ts , 

allowance was made for the var ia t ion in the number o f va l i d records per 

month throughout the year by computing sca t te rp lo t f o r each calendar month, 

then combining the resu l t ing monthly scat terp lo ts (su i tab ly weighted for 

d i f f e r e n t numbers of days per month) in to p lots representing the whole year 

and the seasons. The seasons are defined for th is purpose as below. 
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SPRING: MAR-MAY 

SUMMER: JUN-AUG 

AUTUMN: SEP-NOV 

WINTER: DEC-FEB 

I t is in te res t ing to note the d i f ference between the Nearshore and 

Offshore Spring sca t te rp io ts ; the l a t t e r includes a quantity of p robab i l i t y 

ascribed to waves of T^ > 6.5 s which is not seen on the Nearshore 

sca t te rp io t . This p robab i l i t y derives from waves generated by storms in 

March 1987, a f te r the Nearshore buoy had been removed, and is ind icat ive of 

the d i f f i c u l t y of der iv ing re l i ab le wave s t a t i s t i c s from j u s t one year of 

measurements. 

Comparisons were ef fected between records taken simultaneously at both 

Nearshore and Offshore s i tes ; f igs.17 and 18 show p lo ts of Nearshore vs. 

Offshore values of Hg and respect ive ly . 

Also included on each p lo t i s a 45° l i ne represent ing (nearshore 

value) = (of fshore value). From these p lo ts , i t can be seen that there i s 

some reduction in wave height from Offshore to Nearshore as might be 

expected by v i r t ue of the shallowness of the water in the region, and by 

the reduction in fetch for offshore winds. There seems to be no 

s i gn i f i can t d i f ference between Offshore and Nearshore which i s to be 

expected for onshore waves, since reducing water depth a f fec ts wave height 

but not wave per iod. 
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Table l a 

Hg and T^ Histogram Percentage Occurrences: Offshore Buoy 

Hg % Occurrences 

Range (m) A l l Data Wi nter Spring Summer Autumn 

0.0 - 0.25 3.18 - 2.01 8.65 1.99 

0.25 - 0.5 21.36 6.82 24.49 30.56 23.32 

0.5 - 0.75 25.00 15.60 21.59 28.14 34.61 

0.75 - 1.0 19.78 23.30 16.88 16.00 23.02 

1.0 - 1.25 11.56 18.95 11.88 7.55 7.97 

1.25 - 1.5 6.74 12.65 6.27 4.14 3.98 

1.5 - 1.75 4.46 9.55 4.62 2.07 1.65 

1.75 - 2.0 2.94 6.09 3.80 0.56 1.36 

2.0 - 2.25 1.93 3.71 2.22 1.21 0.60 

2.25 - 2.5 1.07 2.45 1.15 0.32 0.38 

2.5 - 2.75 1.10 0.79 2.37 0.56 0.68 

2.75 - 3.0 0.49 0.09 1.23 0.24 0.38 

3.0 - 3.25 0.16 - 0.56 - 0.07 

3.25 - 3.5 0.08 - 0.33 - -

3.5 - 3.75 0.08 - 0.33 - -

3.75 - 4.0 0.05 - 0.21 - -

4.0 - 4.25 0.02 - 0.07 _ 
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Table lb 

Hg and T^ Hi stogran Percentage Occurrences: Offshore Buoy 

Tg % Occurrences 

Range (m) A l l Data Wi nter Spring Summer Autimn 

2.0 - 2.5 2.15 - 1.60 3.62 3.36 

2.5 - 3.0 15.95 3.46 15.27 23.06 21.83 

3.0 - 3.5 21.58 18.15 25.42 19.31 23.41 

3.5 - 4.0 19.94 20.73 21.34 20.83 16.84 

4.0 - 4.5 13.49 15.15 11.73 12.13 15.02 

4.5 - 5.0 10.08 14.32 9.04 8.61 8.41 

5.0 - 5.5 6.29 8.92 5.54 6.32 4.40 

5.5 - 6.0 4.87 8.46 4.24 3.20 3.64 

6.0 - 6.5 2.72 3.72 2.97 2.16 2.04 

6.5 - 7.0 1.59 3.41 1.47 0.78 0.70 

7.0 - 7.5 0.89 2.69 0.69 - 0.22 

7.5 - 8.0 0.29 0.64 0.41 - 0.11 

8.0 - 8.5 0.13 0.29 0.25 - -

8.5 - 9.0 0.03 0.07 0.04 - -
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Table 2a 

Hg and T^ Histogram Percentage Occurrences: Nearshore Buoy 

Hg % Occurrences 

Range (m) Spring 

0.0 - 0.25 5.35 

0.25 - 0.5 29.94 

0.5 - 0.75 26.87 

0.75 - 1.0 18.11 

1.0 - 1.25 7.21 

1.25 - 1.5 4.28 

1.5 - 1.75 2.43 

1.75 - 2.0 0.82 

2.0 - 2.25 0.89 

2.25 - 2.5 1.01 

2.5 - 2.75 0.74 

2.75 - 3.0 1.03 

3.0 - 3.25 0.29 

3.25 - 3.5 0.36 

3.5 - 3.75 0.22 

3.75 - 4.0 0.22 

4.0 - 4.25 0.22 
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Table 2b 

Hg and Histogram Percentage Occurrences: Mearshore Buoy 

Tg % Occurrences 

Range (m) Spr ing 

2.0 - 2.5 3 .00 

2.5 - 3.0 21.16 

3.0 - 3.5 30.76 

3.5 - 4.0 18.61 

4.0 - 4.5 10.71 

4.5 - 5.0 6 .48 

5.0 - 5.5 3 .40 

5.5 - 6.0 3 .48 

6.0 - 6.5 1.83 

6.5 - 7.0 0 .75 

7.0 - 7.5 0 .29 

7.5 - 8.0 0.07 



I 
(D 

HOLDERNESS OFFSHORE UAVERIDER BUOY 

HOLDERNESS NEARSHORE UAVERIDER BUOY 

2 0 °U 10° l 0 1 0°E 

20°W K)°W 0 ° 10°E 

t°W 0° 1°E 

(50°N 5 5 ° N 

54°N 

53 °N 

I M I I M U I M I U 1 M I 55°N 

54°N 

I I 53°N 



H-

1 
(D HOLDERNESS NEARSHORE UAVERIDER BUOY 1986 

SIGNIFICANT WAVE HEIGHT 

If) 
X 

4. 

2 . 

0 . MISSING 

5 10 15 20 25 31 
DATE 

MAR !986 (358 RECORDS) 

ui 
n 

1 5 10 15 20 25 30 
DATE 

APR 1986 (451 RECORDS) 

-MISSING 

in 
X 

4. 

2 . 

0 . 
I I M M M I M M I } I I ! I I I M I M 11) I I 

MISSING 

I 5 10 15 20 25 31 
DATE 

MAY 1986 1494 RECORDS) 

e 
U) 

4 . 

MISSING 

I 5 m 15 20 25 30 
DATE 

TUN 1986 (248 RECORDS) 



p. 

l-l (D HOLDCRNCSS CrrSHORL WAVCRIDCR BUOY 1936-87 
S I G N i n C A N T UlAVL" HEIGHT 

EE 

X 

! 5 10 15 20 25 31 
DATE 

MAR 1986 (415 RECORDS) 

EE 
UO % t • I MISSING 

! 5 m 15 20 25 30 
DATE 

AF̂ R 1936 (457 RECORD':) 

EE 
in % MISSINn 

I 5 10 15 20 25 31 
DATE 

MAY 1986 (494 RECORDS) 

% 

P. 

0 . MISSING 

! 5 m 15 20 25 30 
DATE 

TUN 1936 (405 RECORDS) 

vo 
I 



H-

m 
LU 
9 

HOLDCRNC^S CrrSHORL WAVCRIDCR BUOY 1986-87 
SIGNIFICANT WAVE HEIGHT 

% 

2 

0 
I I I I I I I f rI I I I I I I I I I I I I f I I 'i'i I I 1 LT) 

! 5 10 15 20 25 31 
DA If 

TUL !936 (435 RECORDS) 

2 . 

0 
^ I I I j ' I I I I I 

I 5 10 15 20 25 31 
DA Tf 

AUG 1986 ( 71 RECORDS) 

;siNf. 

un % 

2 . 

0 . MISSINf, 

1 5 10 15 20 25 30 
DATE 

SEP !936 (114 RECORDS) 

LT) 
I 

2 

0 MISSINf, 

1 5 10 15 20 25 31 
DATE 

OCT 1936 (303 RECORDS) 



H-iQ 
C % HOLDCRNCSS OrrSHORL WAVCRIDCR BUOY 1986-37 

S I G N i n C A N T WAVE HEIGHT 

LT) 
JZ 

4. 

? . 

0 . tirŝ TNr. 
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