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We are the Environment Agency. We protect and improve the 
environment and make it a better place for people and wildlife. 

We operate at the place where environmental change has its 
greatest impact on people’s lives. We reduce the risks to people  
and properties from flooding; make sure there is enough water 
for people and wildlife; protect and improve air, land and water 
quality and apply the environmental standards within which  
industry can operate.   

Acting to reduce climate change and helping people and wildlife 
adapt to its consequences are at the heart of all that we do.  

We cannot do this alone. We work closely with a wide range of 
partners including government, business, local authorities, other 
agencies, civil society groups and the communities we serve. 
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Figure 1.1: Map of instrument locations 
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1 Anglian Coastal Monitoring 

1.1 Wave & tide monitoring 

The Shoreline Monitoring Group (SMG) based within the Flood & Coastal Risk 
Management function of the Environment Agency (EA) (Anglian Region) provides 
strategic monitoring of the Anglian coast through the Anglian Coastal Monitoring 
project. Phase VIII of this programme runs between 2011 to 2016. The hydrodynamics 
monitoring element of the programme consists of a network of Directional Waverider 
(DWR) buoys deployed off the Anglian coast. The DWR buoys provide real-time wave 
spectra and GPS positions via satellite link. The wave data are uploaded to the 
WaveNet1 website maintained by the Centre for Environment, Fisheries and 
Aquacultural Science (Cefas) on behalf of the Department of Environment Food & 
Rural Affairs (Defra), allowing public access to the programme’s real-time monitoring 
records. 

1.2 Wave climate & sea state reports 

The aim of the report is to present the nearshore wave conditions at the instrument 
location in order to feed into studies and management activities of the Anglian coast. 
The sea state reports make use of the processed onboard instrument logged data from 
the wave buoy (Environment Agency, 2009). Logged data is processed and quality 
checked by our survey contractor, Gardline Environmental2. The wave buoys are fully 
calibrated before deployment and data translation and processing is carried out using 
the instrument manufacturer’s software including Datawell’s W@ves 213. 
 
 

 
Photo 1: Deployed directional Waverider buoy (Photo: Environment Agency) 

                                                
 
 
 
 
1 Cefas WaveNet: www.cefas.co.uk/data/wavenet.aspx  
2
 Gardline Environmental:  www.gardlinemarinesciences.com/page/gardline-environmental 

3
 Datawell W@ves 21: www.datawell.nl/ 

http://www.cefas.co.uk/data/wavenet.aspx
http://www.gardlinemarinesciences.com/page/gardline-environmental
http://www.datawell.nl/
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2 North Well Directional 
Waverider Buoy 

2.1 Instrument description 

The DWR buoys provide real-time information on waves approaching the Anglian 
coast. The buoys are moored to the seabed by an elasticated line allowing them to float 
on the surface and record wave movements. The buoys measure the orbital motions of 
the water at the surface rather than the surface slope. These continuous 
measurements are then sent ashore through high frequency radio signals to base 
stations, such as RNLI Life Boat stations. We can then monitor and log these data 
streams through a broadband internet connection. Wave spectra and GPS positions 
are also sent via satellites. The real-time wave data are publically available on the 
WaveNet1 website. 
 
Every 30 minutes the DWR logs processed spectral data of 2304 samples measured 
over a 19.2 minute period. The logged spectra have a 64 frequency band energy 
density resolution. The first 30 minutes of each hour is processed and quality checked 
to give a representative value of the hour. DWR buoys are serviced and swapped over 
annually when they are re calibrated and the onboard logger data recovered. 

2.2 Instrument location 

The North Well Waverider buoy (WWB1) is situated at the entrance to The Wash at 53° 
03.494 N, 000° 28.503 E. It is moored in 32 mCD of water just north of the deep water 
area of The Well and within the main channel of the Lynn Deep. The channel runs into 
the centre of The Wash and round the Lincolnshire coast up to Silver Pit where the 
wave buoy LWB1 was previously deployed. The WWB1 buoy records waves coming 
into The Wash but also logs the waves created from the south easterly winds coming 
off the land and blowing across the embayment.  
 
Generally the flood tidal flow moves south along the Lincolnshire coast and east along 
the Norfolk coast. The peak tidal currents enter The Wash through the central channel 
and move out to the north and south banks. Residual current velocities are greatest 
along the north bank; this is reflected in some re-circulation of sediment to the north 
and along the bank. 
 
Onshore the banks of The Wash are monitored through LiDAR, aerial photography and 
topographic surveys of the monitoring cells; Gibraltar Point, Wash Banks, Holbeach, 
Nene - Wolferton, Hunstanton – Heacham, North Hunstanton and Holme. 
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Figure 2.1: North Well location map 

2.3 Instrument deployment 

The North Well buoy was first deployed on the 20th September 2006. The last service 
and recovery of the data logger occurred on the 9th July 2013. Prior to this, the buoy 
was also recovered on the 26th April 2013. On the 27th June the buoy’s satellite 
communication failed due to a faulty antenna. Although the buoy continued to transmit 
data from HF radio, it was exchanged in July, where the deployed wavebuoy was 
discovered to have a large dent in the side of the hull (Gardline, 2013a; Gardline 
2013b).   

Over the period July 2012 to June 2013 the data return of the logged records was 93.9 
%. This value represents the lowest return value of the statistics available; the 
maximum return was 99.09 %. 
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Photo 2: Dented North Well DWR in July 2013 prior to recovery (Photo: Gardline Envronmental). 

 
 

3 Wave statistics 
This section presents the key wave parameters in the annual time series and, for 
comparison, the whole buoy deployment life to describe the sea conditions at the 
instrument location. This shows the general pattern of waves represented by a 
spectrum of waves of different frequencies, heights and directions through statistical 
measurements, time series and averages over the duration of a year. A description of 
all of the parameters can be found in the glossary section at the end of this document.  

3.1 Annual summary statistics 2012-13 

Table 3.1 below details the statistical summaries of records logged over the last 
deployment from July 2012 to June 2013. 

 Significant wave height Hs (m) Peak period Tp (s) 

Max: 2.58 19.1 

Min: 0.07 1.72 

Mean: 0.62 4.5 

Table 3.1: Min, Max and Mean statistics (July 2012 – June 2013) 
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 2012 2013 

 Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

Hs 
(m) 

0.45 0.46 0.61 0.66 0.63 0.73 0.65 0.76 0.76 0.65 0.64 0.54 

Tp 
(s) 

4.06 4.11 4.13 4.44 4.21 4.63 4.51 5.09 5.42 4.66 4.52 4.56 

Tz 
(s) 

3.15 3.1 3.19 3.33 3.21 3.4 3.42 3.71 3.71 3.46 3.44 3.43 

Mdir 
(°)† 

32 217 221 224 224 221 49 * 31 31 27 37 

*no data available † Mdir is a monthly modal statistic 

Table 3.2: Monthly mean statistics for the reporting period (July 2012 – June 2013) 

3.2 Deployment summary statistics 

  

 Significant wave height 
Hs (m) 

Peak period Tp (s) 

Max: 2.8 20 

Min: 0.01 1.6 

Mean: 0.6 4.5 

Table 3.3: Min, Max and Mean statistics (all years) 

 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Hs 
(m) 

0.61 0.61 0.59 0.56 0.52 0.56 0.51 0.55 0.63 0.62 0.73 0.74 

Tp 
(s) 

4.5 4.8 4.8 4.5 4.3 4.4 4.1 4.2 4.3 4.4 4.5 4.6 

Tz 
(s) 

3.4 3.5 3.5 3.4 3.3 3.3 3.2 3.2 3.3 3.3 3.4 3.5 

Mdir 
(°)† 

219 28 34 34 34 34 221 219 221 219 219 219 

† Mdir is a monthly modal statistic 

Table 3.4: Monthly mean statistics (all years) 

 

3.3 Significant wave height 

The annual mean wave height at North Well is 0.62 m, which is consistent with the 
overall mean wave height recorded since 2006. The recorded wave heights are 
generally lower than the adjacent buoys deployed off the Lincolnshire (LWB2) and 
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Norfolk coasts (NWB1 and NWB2) (see Figure 1.1). Past monitoring of waves within 
The Wash has shown a reduction in wave heights as they enter and travel across the 
sheltered and shallow mudflat environment. The higher waves recorded are those from 
the north-east where there is depth of water. As the waves leave The Well channel and 
disperse within the embayment they decrease in height. 

The highest waves are recorded in the winter months with the highest monthly mean 
values being November and December in all years and February and March in 2013. 
The 2.3 m threshold level was reached once in the last year, on the 27th October 2013. 
This event is described in Section 4.1.  

 

 

Figure 3.1: Significant wave height (Hm0) (all years) 

 

Figure 3.2: Significant wave height (Hm0) (2012-13) 

 
 
 
 



 

 Sea State Report RP034/W/2013 North Well DWR 7 

 

 Annual Hs occurrences per height band (%)  

Year 0 – 0.5 m 0.5 – 1 m 1 – 1.5 m 1.5 – 2 m 2 – 3 m 

2006* 30.88 51.89 13.67 3.48 0.14 

2007 43.78  39.57  12.35 3.36 0.94 

2008 47.21  38.66  10.31 3.32 0.49 

2009 47.40  41.34 9.19 2.00 0.07 

2010 44.10  39.99 11.16 4.04 0.71 

2011 47.29  41.55 9.08 1.83 0.55 

2012 50.01  38.53 9.08 1.83 0.55 

2013* 41.26  41.2 14.73  2.59 0.32 

*2006 data from September, 2013 data is for months up to June. 

Table 3.5: Annual significant wave height (Hm0) occurrences per height band  (%) 

3.4 Wave period 

Peak period is also known as the dominant wave period and describes the frequency 
with the highest energy. The Wash is dominated by short period, local wind-driven 
waves. The majority of wind waves passing the buoy location have a period of 3 – 6 
seconds (see Figure 3.3). There a number of longer period waves, with a maximum 
peak period of 19.1 seconds recorded. These longer periods are associated with swell 
waves approaching the Wash from the North Sea where there is a longer fetch. 
 

 

Figure 3.3: Peak period (July 2012 – July 2013) 

Figures 3.4 and 3.5 show the joint distribution of significant wave height (Hm0 (m)) and 
wave period for July 2012 – June 2013. Figure 3.4 shows the peak wave period (Tp) 
against Hs and Figure 3.5 displays the mean wave period (Tz) against Hm0 (m). The 
Tp (s) data presents the several wave distributions of waves generated locally by wind 
with short periods, the stormier, rougher conditions, where waves achieve moderate 
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wave periods, and finally the lower wave heights of under 0.5 m but of longer period of 
over 10 seconds of the swell waves coming into The Wash. 

 

Figure 3.4: Significant wave height Hm0 (m) vs Peak wave period Tp (s) (July 2012 – June 2013) 

 

 

Figure 3.5: Significant wave height Hm0 (m) vs Mean wave period Tz (s) (July 2012 – June 2013) 
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3.5 Wave direction 

 

 
Figure 3.6: Wave direction (°) plots. Left: all years; Right: Last deployment (2012-13) 

The prominent wave direction at the buoy is from the south-west. This is the result of 
offshore winds blowing across The Wash. Waves from this direction are of low height 
and short period. They are local wind waves, associated with the choppy wind 
dominated wave climate in the Wash. The buoy is close to land on the north-west and 
south-east, preventing any build up of waves from these directions. The highest waves 
are associated with the waves from the north-east making this the more significant 
direction; these waves have a longer fetch before entering into The Wash.  

 

4 Storm calendar 

4.1 Storm events 

There was one recording of wave heights that exceeded the 2.3 m storm threshold in 
the year. This occurred in the morning of the 27th October 2012. A 2.58 m wave was 
recorded at 05:30 in the morning, the third highest recorded at the instrument during 
the reporting period. Table 4.1 provides summary statistics for this event. Weather 
conditions were that of heavy showers on the east coast turning to sleet and snowfall in 
places. The coast experienced gusty winds with several low pressure troughs and 
winds travelling through the North Sea (UKHO1).  

Date Hm0 (m) Mdir (°) Tp (s) Tz (s) 

05:30 
27/10/2012 

2.58 23.9 7.14 5.58 

Table 4.1: Storm event statistics on 27
th

 October, 2012 

Figure 4.1 (overleaf) shows the occurrences when wave heights have crossed a 
defined storm threshold of 2.3 m. The storm calendar serves as a record of storminess 
and the frequency of storm waves at the buoy location each year. 
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Figure 4.1: Storm events exceeding 2.3 m (all years) 

 

5 Summary 
From the North Sea waves enter The Wash primarily through The Well; the central 
main channel where DWR WWB1 is located, and then tend to radiate out into the 
embayment. The height of a wave as it enters the shallow waters of The Wash is not 
only dependent on wave period but becomes increasingly influenced by the bathymetry 
of channels and banks present. The shallow bathymetry of The Wash means that wave 
heights are reduced due to shoaling at the mouth. The Wash also has strong currents 
that interact with incoming waves, causing the short observed wave periods and 
heights during windy conditions.  
 
There are a significant number of waves coming from the south-west. The Wash has 
sufficient fetch for waves, caused by winds coming from the land, to develop by the 
time they reach the wave buoy. Wave period statistics (Section 3.4) show that the area 
is dominated with locally generated waves from wind blowing off the coast and across 
the water and resulting in short wave periods and generally choppy waters. 

 
Offshore storms have less impact and risk to defences in The Wash than they do on 
the exposed coastline of Norfolk. The waves with the greatest impact are those from a 
north-east direction and when there is maximum water depth; the high water flood tide. 
Wave periods and wave heights vary throughout the tidal cycle as an increase in water 
depth allows longer period waves to pass over the shallow banks. The incoming waves 
reach extensive intertidal mudflat and saltmarsh that encircles the embayment. The 
saltmarsh attenuates the wave heights and dissipates wave energy. Monitoring by the 
Shoreline Monitoring Group in May 1999 – May 2000 showed that wave energy could 
be attenuated by 69 – 97% over the saltmarsh extent (Gardline, 2000; Haskoning, 
2001). 
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Glossary 
Bathymetry – The measured shape and depth contours of the sea bed.  
 
Fetch – The uninterrupted distance over water which the wind acts to produce waves. 
 
Intertidal – The coastal area between the Lowest Astronomical Tide (LAT) and Highest 
Astronomical Tide (HAT). 
 
Maximum wave height (Hmax) – Statistic of the maximum wave height recorded in a period of 
time. 
 
Mean direction (Mdir) – The average or main direction from which waves have come, measured 
over a period of time. 
 
Mean Sea Level - Generally refers to 'still water level' above a fixed datum (excluding wave 
influences), averaged over a period of time such that periodic changes in level (e.g. due to the 
tides) are smoothed out. 
 
Mean wave period (Tz) – Also referred to as the zero crossing period, a description of the 
average wave period over a duration of time. 
 
Neap Tide - The tide that occurs when the tide-generating forces of the sun and moon are 
positioned at right angles to each other. The neap tide has the lowest tidal range. 
 
Ordnance Datum (OD) – A specific datum or plane to which depths or heights are referred to. 
 
Peak period (Tp) – Also called dominant wave period and Tpeak, it is the wave period (time for 
two successive waves to pass a point) associated with the largest wave energy, obtained from 
the spectral "peak frequency" i.e. the frequency band that has the largest energy. 
 
Sea (waves) – Waves generated at a storm system, under a height of 2 m. 
 
Significant wave height (Hs) – Statistical calculation of Hm0 taken from the spectral analysis to 
describe the average wave height. 
 
Spring tide - The tide that occurs when the tide-generating forces of the sun and moon are in 
alignment and results in a higher than average tidal range. 
 
Storm surge - A storm surge is the additional sea level accounted for by a storm. The rise in 
water level causes a propagating bulge of water on the open coast caused by the action of wind 
stress and atmospheric pressure on the sea surface. 
 
Storm waves – Wind driven waves associated with a storm system, these waves have a higher 
frequency than swell waves and therefore can cause multiply frequency peaks in the spectra. In 
a multiple peaked spectrum the mean wave period (Tz) may not be a measure of the frequency 
where the peak energy occurs. 
 
Swell (waves) – Waves that have travelled out of the area they were generated. Swell waves 
characteristically have a flatter shape and longer period. In spectral analysis swell waves have a 
low frequency, with a peak period (Tp) where energy decays in the frequencies either side. 
 
Wave climate – The average condition of the waves at a location over a period of time, 
represented by wave statistics such as height, period and direction. 
 
Wave spectra – The wave energy in a band of frequencies, describing the total energy 
transmitted by a wave-field.



 

  

 


