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Abstract 
 

Bimodal sea states can be a significant contributor to coastal flooding events that are sometimes 

not forecast. Furthermore, little is known about the effect of bimodal seas on beaches and 

coastal structures, and swell is rarely considered explicitly in the design or assessment of 

shoreline management options.  

 

A spreadsheet with a time series of monthly occurrence of bimodal seas is included, and the 

Technical Note provides analysis on their spatial distribution, based on spectral data from the 

wave network of the Regional Coastal Monitoring Programmes of England.   

 

Bimodal seas are most prevalent around Atlantic-facing coastlines, but on occasions can be 

found at all sites, even the most sheltered.  Around half of wave conditions exceeding the storm 

alert threshold (0.25 year return period) are bimodal seas. 
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1.  Introduction 

Along most coastlines, waves are the dominant coastal process in the nearshore zone and are 

ultimately the driving force behind morphological change at beaches and coastal structures. A 

sea state is commonly understood to be composed of either wind-sea, swell-sea or a 

combination of the two.  Wind-seas are generated by local winds, while swell-seas generally 

have been generated in a distant storm and dispersed out of the generating area. Around 

England, swell waves typically have lower wave heights than locally generated wind-sea storm 

waves, but have longer periods and can therefore lead to longer run-up and overtopping of sea 

defences.  A combination of sea and swell can produce bimodal sea conditions.  However, little 

is known about the effect of bimodal seas on beaches and coastal structures, and swell is rarely 

considered explicitly in the design or assessment of shoreline management options (HR 

Wallingford, 2016).  

 

A common way of describing the properties of waves is via spectral analysis. This method 

produces a wave spectrum which is a plot of wave energy and wave frequency (or period). The 

wave spectrum will, therefore, show which wave periods contain the principal proportion of the 

wave energy.  The spectral parameters derived from wave spectra, principally wave height and 

period, are the most commonly used descriptors for waves in design and prediction methods in 

the coastal environment. However, the distribution of spectral energy may be as important. A 

bimodal sea state, consisting of a combination of wind-sea and swell, is characterised by two 

peak frequencies (Figure 1).  

 

 
 
Figure 1:  Example of a bimodal wave spectrum, measured on 29 February 2008 13:35Z by the 

Perranporth Directional Waverider 
 
Occurrences of unexpected coastal flooding in southern England drew attention to the presence 

of long period swell waves generating more overtopping than might have been expected for the 

overall sea conditions, for example at Hayling Island on 3 November 2005 (Mason et al., 2008) 

(Figure 2) and the flooding of the monsoon drains at Chesil on 15-16 February 2011. These 

events were notable for the occurrence of moderate wave conditions combined with long period 

swell waves. 
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Figure 2:  Coastal flooding at Hayling Island, 03 November 2005 (1 in 1 year return period 
waves, 18 s swell) ©Havant Borough Council 

 
Storm waves can also include a significant proportion of swell energy within the spectrum. 

During the winter of 2013-2014, southern England was subjected to an unusual and prolonged 

sequence of severe storms; many places experienced between 5 and 7 storms between October 

2013 and February 2014, most of which had bimodal sea conditions, with swell percentages 

typically ranging from 5 to 30% (HR Wallingford 2016).  

 

Since 2003, the National Network of Regional Coastal Monitoring Programmes of England has 

developed a coastal wave network deployed along the English coastline. To date, the network 

comprises 37 Datawell Directional Waverider (DWR) buoys deployed around the English 

coastline, together with data from 3 industry-owned buoys off north Wales and Cornwall which 

RWE Innogy UK Ltd and Wave Hub Ltd respectively kindly make available.  Record length exceeds 

10 years at the majority of sites, extending to ~16 years along the eastern English Channel.  The 

wave data collected by the network is quality controlled (Mason & Dhoop 2017) and archived 

by the CCO, which is the data management and archive centre for the Regional Coastal 

Monitoring Programmes.  

  

The coastal network provides an opportunity to assess the extent of swell both spatially and 

temporally. This Technical Note describes a method for deriving statistics for bimodal statistics, 

and assesses the occurrence of bimodal seas around the English coastline.  
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2.  Methods 

The criteria developed to identify bimodal seas aims to filter for only those wave conditions 

capable of transporting sediment, in order to concentrate on sea conditions of coastal 

engineering significance.  This means that wave spectra are selected which have a well-defined 

spectral peak in both the sea and swell fractions, together with a minimum amount of energy in 

both components. The following conditions must all be fulfilled for a sea state to be considered 

bimodal (Mason et al., 2008): 

 

 Minimum total energy of the wave spectrum is the equivalent of Hs = 0.5m 

 The peak energy in the smaller peak is at least one-third that of the larger peak 

 The peak energy in the smaller peak is at least 0.4m2Hz-1 (equivalent of Hs ~ 0.2m at 10s) 

 The energy at the trough is less than half of the smaller peak 

 

The criteria are based on Datawell Directional Waverider spectra, using 64 spectral frequencies 

ranging from 40 to 1.7s, with 33 spectral bands between 33 and 3s.  The whole spectrum is 

divided into sea and swell components in MatLab™ using an iterative routine to define the 

trough frequency.  Subsequently, if the four criteria are satisfied, wave parameters are 

calculated separately for the sea and swell components.  The monthly percentage of occurrence 

is based on the number of half-hourly wave spectra fulfilling the criteria compared to the total 

number of measured spectra in each month.  If more than 10% measured criteria were missing 

in a given month, the bimodal occurrence is recorded as NaN. 

 

Wave spectral files from wave buoys shown in Figure 3 were decomposed into sea and swell to 

define the proportion of bimodal sea conditions each month1. 

 
Figure 3:  Location and deployment length of the wave buoys used to derive occurrence of 

bimodal seas. 

                                                
1 Data from wave buoys operated by the Anglian Regional Coastal Monitoring Programme could not be 
included as the *.spt files were unavailable 
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3.  Results  

Monthly percentage of occurrence of bimodal sea conditions are given in the accompanying 

spreadsheet, together with summary statistics for monthly, seasonal and annual occurrence.  

This document will be updated annually.  Those wishing to calculate their own statistics can 

download raw spectral files (*.spt) directly from the website’s real-time data pages. 

 

3.1  Annual occurrence of bimodal sea conditions 

Bimodal conditions occur on a regular basis along the English coastline (Figure 4). Typically, the 

highest presence of bimodal seas is associated with sites exposed to Atlantic swell e.g. Wave 

Hub and Porthleven in Cornwall. The swell propagates up the English Channel, often as far as 

Rustington. However, although unusual, swell can continue for the full length of the English 

Channel. The swell also propagates up the Bristol Channel, sometimes as far as Minehead and 

on rare occasions to Weston Bay.  Bimodal seas are infrequent in the northern Irish Sea, but can 

occur.  The North Sea coast also experiences bimodal seas north of the Humber, at a similar 

frequency to the central English Channel. 

 

 
Figure 4:  Annual occurrence of bimodal seas 
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3.2  Seasonal occurrence of bimodal seas 

The occurrence of bimodal sea states varies with season, being most prevalent during winter 

(Dec, Jan, Feb), followed by autumn (Sep, Oct, Nov) and spring (Mar, Apr, May) (Figure 5). During 

summer (Jun, Jul, Aug), bimodal conditions are usually limited to those sites most exposed to 

Atlantic swell.  

 

 
Figure 5:  Seasonal occurrence of bimodal seas 
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3.3  Monthly occurrence of bimodal seas 

Bimodal sea states are most prevalent from November to March and to a lesser extent April, 

May and October (Figure 6).  From June to September, bimodal seas are largely limited to those 

sites directly exposed to Atlantic swell.   

 
Figure 6:  Monthly occurrence of bimodal seas 
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3.4  Occurrence of bimodal sea conditions during storms 

Storm events were cross-referenced with occurrences of bimodal sea states in order to 

determine the proportion of storms which had a bimodal component.  A storm here is defined 

as an event where significant wave height exceeds the 1 in 0.25 year return period. This storm 

alert threshold is based on long-term coastal engineering experience which suggests that, on 

average, three or four storms per year have the potential to have significant impact for beach 

management.  For each storm, the individual spectra were examined for the presence of 

bimodal sea conditions 3 hours before or after the peak of the storm (since the Beach 

Management Manual [Rogers et al., 2010] suggests a typical 3-hour storm peak). 

 

 
Figure 7:  Occurrence of bimodal seas during storms (> 1 in 25 year return period) 

 

It was found that 48% of all measured storms contained sufficient swell energy to be classified 

as bimodal sea conditions.  Overall, the occurrence of bimodal seas during storm events 

mirrored the annual occurrence of bimodal sea states.  However, it is worth noting that a 

number of sites beyond the area where bimodal conditions are most prevalent still experience 

a significant amount of bimodal sea conditions during storm events, in particular Seaford in the 

southeast (Figure 7, site 9), Minehead in the Bristol Channel (site 29) and Cleveleys and 

Morecambe Bay (sites 34 and 35) in the northern Irish Sea.  
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