
 

East Cowes Wave Disturbance 
Wave Modelling 

  

Boskalis Westminster Limited 
 
December 2016 



Page intentionally left blank 
 
 



East Cowes Wave Disturbance 
Wave Modelling 
 
 

December 2016 

  



East Cowes Wave Disturbance    Boskalis Westminster Limited 

ABPmer, December 2016, R.2732  | i 

Document Information 
Document History and Authorisation 
Title East Cowes Wave Disturbance 
 Wave Modelling 
Commissioned by Boskalis Westminster Limited 
Issue date December 2016 
Document ref R.2732 
Project no R/4464/1 

Date Version Revision Details 
21/11/2016 1 Issued for client review 
14/12/2016 2 Issued for client use 
   
   
   
 

Prepared (PM) Approved (QM) Authorised (PD) 
Gordon Osborn David Lambkin Damon O’Brien 

   

 
Suggested Citation 
ABPmer, (2014).  East Cowes Wave Disturbance, Wave Modelling. 
A report produced by ABPmer for Boskalis Westminster Limited, December 2016. 
 
Contributing Authors 
C. Merrix, and J. Hernon. 
 

Notice 
ABP Marine Environmental Research Ltd ("ABPmer") has prepared this document in accordance with the client’s instructions, for 
the client’s sole purpose and use.  No third party may rely upon this document without the prior and express written agreement 
of ABPmer.  ABPmer does not accept liability to any person other than the client.  If the client discloses this document to a third 
party, it shall make them aware that ABPmer shall not be liable to them in relation to this document.  The client shall indemnify 
ABPmer in the event that ABPmer suffers any loss or damage as a result of the client’s failure to comply with this requirement.  
 
Sections of this document may rely on information supplied by or drawn from third party sources.  Unless otherwise expressly 
stated in this document, ABPmer has not independently checked or verified such information.  ABPmer does not accept liability 
for any loss or damage suffered by any person, including the client, as a result of any error or inaccuracy in any third party 
information or for any conclusions drawn by ABPmer which are based on such information.  
 
All content in this document should be considered provisional and should not be relied upon until a final version marked 
‘issued for client use’ is issued.  
 
All images on front cover copyright ABPmer apart from wave, anemone, bird (www.oceansedgephotography).  

ABPmer 
Quayside Suite, Medina Chambers, Town Quay, Southampton, Hampshire  SO14 2AQ 
T: +44 (0) 2380 711844  W: http://www.abpmer.co.uk/  

http://www.oceansedgephotography/
http://www.abpmer.co.uk/


East Cowes Wave Disturbance    Boskalis Westminster Limited 

ABPmer, December 2016, R.2732  | ii 

Executive Summary 
Boskalis Westminster, working with the Cowes Harbour Commission, requires an assessment of wave 
disturbance for the East Cowes Development area of Cowes Harbour to help confirm the achievement 
of performance criterion at the proposed marina for latest breakwater design configuration, Layout 9.   
 
The report provides a standalone document to detail the work undertaken, superseding any previous 
studies, and adequately demonstrating that good wave conditions are predicted in Cowes harbour 
and the proposed Marina.  The standard of wave condition determined for the new marina 
development then forms the basis of a warranty for the development with associated Professional 
Indemnity cover. 
 
A spectral wave model covering the whole of the English Channel has been constructed and run for a 
37 year period to simulate the long term wave conditions throughout the Solent and near the 
entrance to Cowes Harbour.  Data from this long term hindcast have been used to assess wave 
conditions at the entrance to Cowes Harbour and determine various return period storm events.  
 
A second modelling stage was then undertaken with a detailed assessment of harbour protection 
using a Boussinesq wave model to assess the performance of the Outer Breakwater and Shrape 
Breakwater Extension structures under the specified wave conditions. 
 
The baseline condition (i.e. the present day harbour layout with no additional dredging) is already very 
close to achieving the required marina wave height standards and provides relatively good shelter in 
the footprint of the new marina.   
 
The addition of the Shrape Breakwater Extension and other dredging works does provide additional 
protection to the new marina area with only marginal increases in wave height due to wave reflection, 
mainly in the Eastern Channel.  The addition of the Shrape Breakwater Extension and the proposed 
dredging works consistently provides ‘excellent’ or ‘good’ conditions in the new marina area, with only 
a small area of “Moderate” conditions for more extreme water level sensitivity scenario testing. 
 
These conclusions are based on simulated wave conditions from a wide range of scenarios. The 
detailed nature of the Boussinesq wave model simulations inevitably leads to detailed local variance in 
the reported wave height and there are also potential uncertainties associated with key model inputs 
such as the bathymetry, the reflection/absorption terms applied certain structures, the water level and 
the incoming wave boundary condition. These uncertainties have been managed and reduced by 
identifying and validating the most realistic and representative input values, and also by using a 
deliberately broad and conservative range of scenarios.  
 
A conservative approach has been taken to the assessment of the 1 in 50 year Australian marina 
standard wave height condition, by testing it against a larger 1 in 100 wave height simulation. All 
scenarios use a mean high water spring water level condition. In addition a plain wall structure has 
been simulated for the Shrape Breakwater Extension which is likely to be conservatively more 
reflective than the final design chosen. The simulations also do not take account of any further wave 
dampening that might be caused by the infrastructure of the new marina, including the pontoons and 
any moored vessels.  Wave overtopping might occur over some structures during very high water level 
conditions, however, it is considered likely that this will be in the form of wave breaking and so the 
onwards transmission of wave energy will be negligible and are not included within the scope of the 
study. 
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The modelling has therefore demonstrated that the shelter provided to the new marina development, 
by the Outer Breakwater and Shrape Breakwater Extension, satisfies the requirement for ‘good’ 
conditions within the marina, as defined by the Australian Marina Standard for oblique seas.  Although 
the floating breakwater pontoons around the new marina have not been included in the modelling, it 
is recommended that these are retained in the design to provide additional protection particularly 
from waves entering the harbour from the NW and disturbance due to ship wash. 
 
This assessment and the associated warranty is based on the present day bathymetry and layout of 
Cowes Harbour and its approaches, the proposed position of the new marina, and the assessed design 
of the Shrape Breakwater Extension and associated dredging works.  Any significant changes to these 
factors, including the nature or position of structures within the harbour, may change the expected 
patterns of wave propagation and so void the conclusions of this study and the basis for the 
associated warranty. 
 
 
 



East Cowes Wave Disturbance    Boskalis Westminster Limited 

ABPmer, December 2016, R.2732  | iv 

Contents 

1 Introduction ................................................................................................................................... 1 
1.1 Background ................................................................................................................................................... 1 
1.2 Scope of Work .............................................................................................................................................. 1 
1.3 Modelling Approach .................................................................................................................................. 2 

2 Spectral Wave Modelling ......................................................................................................... 3 
2.1 Model Setup .................................................................................................................................................. 3 
2.2 Model Calibration ....................................................................................................................................... 7 
2.3 Directional Analysis ................................................................................................................................. 13 
2.4 Extreme Wave Analysis .......................................................................................................................... 16 

3 Boussinesq Wave Modelling ................................................................................................. 20 
3.1 Baseline Model Set Up ........................................................................................................................... 20 
3.2 Scheme Model Setup ............................................................................................................................. 21 
3.3 Partially Reflective Surfaces .................................................................................................................. 23 
3.4 Modelled Scenarios ................................................................................................................................. 25 

4 Wave Disturbance in Cowes Harbour ................................................................................ 27 
4.1 Australian Marina Standards ............................................................................................................... 27 
4.2 Baseline Results ........................................................................................................................................ 29 
4.3 Scheme Results ......................................................................................................................................... 37 
4.4 Difference Plots ......................................................................................................................................... 45 
4.5 Discussion ................................................................................................................................................... 48 

5 Conclusions .................................................................................................................................. 50 

6 References .................................................................................................................................... 52 

7 Abbreviations/Acronyms ........................................................................................................ 53 
 

Tables 

Table 1. Cowes 2003 AWAC data ........................................................................................................................... 8 
Table 2. Fetch limited wave height calculations ........................................................................................... 11 
Table 3.  Extreme wave conditions at the boundary of the Boussinesq wave model ..................... 19 
Table 4. Boussinesq model simulations ........................................................................................................... 26 
 

Figures 

Figure 1. Spectral wave model grid ........................................................................................................................ 4 
Figure 2. QQ comparison of wave heights using alternative wind field forcing................................... 6 
Figure 3. Location of Cowes 2003 AWAC deployment ................................................................................... 7 
Figure 4. Measured and Modelled Hs at the Hayling Wave Buoy.............................................................. 9 
Figure 5. Measured and Modelled Tp at the Hayling Wave Buoy .............................................................. 9 
Figure 6. Measured and Modelled Tz at the Hayling Wave Buoy .............................................................. 9 
Figure 7. Measured and Modelled Hs at Cowes Harbour .......................................................................... 10 
Figure 8. Measured and Modelled Tz at Cowes Harbour ........................................................................... 10 



East Cowes Wave Disturbance    Boskalis Westminster Limited 

ABPmer, December 2016, R.2732  | v 

Figure 9. Measured and modelled Hs and modelled mean wave direction at Cowes .................... 11 
Figure 10. Measured and Modelled Hs QQ plot: Hayling Buoy location Oct 2003-Dec 2015 ....... 12 
Figure 11. Measured and Modelled Hs QQ plot: Cowes Harbour December 2003............................ 12 
Figure 12.  Fetches available for local wave development within the central Solent .......................... 13 
Figure 13.  Hindcast wave direction against wave height (1979 to 2015, inclusive) for the 

centre of the northern Boussinesq model boundary (blue), and the front edge 
of the Outer Breakwater (red) ............................................................................................................. 14 

Figure 14.  Hindcast wave direction against wave height (1979 to 2015 inclusive) for the 
centre of the Boussinesq model boundary (blue), and the front edge of the 
Outer Breakwater (red), filtered to only include waves directed into Cowes 
Harbour ........................................................................................................................................................ 15 

Figure 15.  Wave rose for the centre of the northern Boussinesq model boundary (waves 
filtered to only include waves from 285°N clockwise through 90°N) ................................. 15 

Figure 16.  Wave rose for the centre of the northern Boussinesq model boundary (waves 
filtered to only include waves larger than 0.4 m from 285°N clockwise through 
90°N) ............................................................................................................................................................. 16 

Figure 17.  Distribution of extreme wave heights by return period for waves arriving in the 
sector north clockwise through east ................................................................................................ 17 

Figure 18.  Distribution of extreme wave heights by return period for waves arriving in the 
sector 285°N clockwise through north ............................................................................................ 17 

Figure 19.  Wave height plotted against wave period during the December 2003 
measurement campaign, with various wave steepness curves also overlain ................... 18 

Figure 20. Boussinesq wave model domain ....................................................................................................... 20 
Figure 21. Boussinesq wave model setup: sponge layers, NE (top) and NW (bottom) grids ......... 21 
Figure 22.  Scheme Outline Drawing ...................................................................................................................... 22 
Figure 23. Typical reflection coefficient ranges from Thompson et al (1996) ....................................... 24 
Figure 24. Baseline NE 1 yr MHWS ......................................................................................................................... 29 
Figure 25. Baseline NW 1 yr MHWS ....................................................................................................................... 30 
Figure 26. Baseline NE 100 yr MHWS .................................................................................................................... 31 
Figure 27. Baseline NW 100 yr MHWS .................................................................................................................. 32 
Figure 28. Baseline NNE 100 yr MHWS ................................................................................................................ 33 
Figure 29. Baseline NNW 100 yr MHWS .............................................................................................................. 34 
Figure 30. Baseline N 1 yr MHWS ........................................................................................................................... 35 
Figure 31. Baseline N 100 yr MHWS ...................................................................................................................... 36 
Figure 32. Scheme NE 1 yr MHWS ......................................................................................................................... 37 
Figure 33. Scheme NW 1 yr MHWS ....................................................................................................................... 38 
Figure 34. Scheme NE 100 yr MHWS .................................................................................................................... 39 
Figure 35. Scheme NW 100 yr MHWS .................................................................................................................. 40 
Figure 36. Scheme NNE 100 yr MHWS ................................................................................................................. 41 
Figure 37. Scheme NNW 100 yr MHWS ............................................................................................................... 42 
Figure 38. Scheme NE 100 yr HAT      Figure 39. Scheme NW 100 yr HAT ............................................ 43 
Figure 40. Scheme NW 100 yr HAT +SLR ............................................................................................................ 44 
Figure 41. Difference in wave conditions (scheme – baseline)  NE 1 yr and 100 yr MHWS ............ 45 
Figure 42. Difference in wave conditions (scheme – baseline)  NW 1 yr and 100 yr MHWS .......... 46 
Figure 43. Difference in wave conditions (scheme – baseline)  NNE and NNW 100 yr 

MHWS ........................................................................................................................................................... 47 
 



East Cowes Wave Disturbance    Boskalis Westminster Limited 

ABPmer, December 2016, R.2732  | 1 

1 Introduction 
Boskalis Westminster, working with the Cowes Harbour Commission, requires an assessment of wave 
disturbance for the East Cowes Development area of Cowes Harbour to help confirm the achievement 
of performance criterion at the proposed marina for latest breakwater design configuration, Layout 9.   
 
Whilst previous wave modelling studies have been undertaken to inform the scheme design, this 
study has the specific objective of “A standalone modelling report shall be produced that adequately 
demonstrates that good wave conditions are predicted in Cowes harbour and the proposed Marina”. 
 
This standard of wave condition within the new marina development then forms the basis of a 
warranty for the development with associated Professional Indemnity cover. 

1.1 Background 

Layout 9 includes some minor flow optimisation modifications to the post-consent design (Layout 7), 
principally related to the extension of the Shrape Breakwater. These optimisations have been 
considered relative to the completed first phase of development which delivered the main wave 
calming structure, i.e. the Outer Breakwater (Layout 8), but only for flows and sedimentation. 
 
The hydrodynamic development of the design (Layout 9) and associated sedimentation studies were 
addressed in a separate modelling study (ABPmer 2016a).  
 
Boskalis have been working with their design engineers, Ramboll, to consider the design implications 
of the proposed modified extension to the Shrape Breakwater and to confirm the final design. This 
final design will form part of Layout 9. 
 
When the final design is confirmed, the wave disturbance effects of Layout 9 (all three components of 
East Cowes Development; Outer Breakwater, Cowes Harbour and Eastern Channel Dredging and 
extension of the Shrape Breakwater) is then verified against the Australian Marina wave performance 
criteria. 

1.2 Scope of Work 

The study includes the following items of work; 
 

 Assessment of wave climate to determine the relevant wave return period events for the 
Solent and Cowes area;  

 An appropriate wave modelling tool is brought up-to date with regards to; 
o The latest edition of the software; 
o Seabed levels and relevant harbour features used to configure the wave model are 

updated, as appropriate, and to be consistent with the information used to support 
the tide and sediment model; 

o The representation of the Outer Breakwater in the modelling tool is reconfirmed with 
regard to as built slopes, reflection coefficients, transmission coefficients and wave 
absorption coefficients; 

o Final design descriptions of the Shrape Extension and Eastern Channel, and all other 
relevant features defining Layout 9 (excluding the marina floating breakwater 
structures), are configured into the model and are based on final design assumptions 
provided by CHC and Ramboll.; 
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o Relevant wave scenarios (i.e. 1 in 1 and 1 in 100 year exceedance) are re-confirmed 
with sensitivity tests included for small variance in wave approach and (still) water 
levels within the normal tidal range; and 

o Sensitivity tests for future conditions relevant to the duration of the warranty will 
include potential sea level rise associated with future climate change. 

 For the purposes of the warranty, a full and detailed technical report will be developed which 
deliberately addresses the specific wave performance requirements of the warranty and sets 
out clearly the basis for the modelling scenarios and the information used for each scenario; 
and  

 The work will be reported fully and made available for review by all relevant parties to achieve 
consensus and agreement on suitability for the purposes of supporting the warranty. 

 
The following items are not included or considered as part of this study and therefore are not part of 
the warranty; 

 
 Any deterioration in wave disturbance due to a deterioration in the structural performance of 

the design;  
 Extreme conditions which lead to wave overtopping of any Breakwaters; and 
 Ship wash 

 
In relation to the warranty, the following is also agreed; 
 

 Period of cover is 12 years from the date of the contract; 
 The overall value of the warranty and associated total liability is £10 million; and 
 The conditions under which the warranty is waived would be for situations where subsequent 

relevant development within or adjacent to Cowes Harbour results in increased wave 
exposure or wave reflections which affects the key area(s) of interest, i.e. the new marina 
facility. 

1.3 Modelling Approach 

To meet the requirements for the study numerical modelling has been undertaken in two stages: a 
regional spectral wave model; and a local Boussinesq wave model. 
 
Firstly, a spectral wave model covering the whole of the English Channel has been constructed and run 
for a 37 year period to simulate the long term wave conditions throughout the Solent and near the 
entrance to Cowes Harbour.  This model has made use of the most recent meteorological wind speed 
data which includes recent severe storm events. 
 
The second modelling stage is a detailed assessment of harbour protection. Wave disturbance 
modelling of Layout 9 has been undertaken using the Danish Hydraulic Institute (DHI) Boussinesq 
wave model, a state-of-the-art numerical modelling tool for studies and analysis of wave disturbance 
in ports, harbours and coastal areas.   
 
Data from the long term hindcast have been used to assess wave conditions at the entrance to Cowes 
Harbour and provide boundary conditions to simulate specific severe wave conditions to assess the 
performance of the Outer Breakwater and Shrape Breakwater Extension structures under specified 
wave conditions for comparison to the Australian Marina Standard. 
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2 Spectral Wave Modelling 
Long term hindcast modelling of wave conditions in the English Channel has been undertaken using 
the MIKE21 SW (Spectral Wave) model produced by the Danish Hydraulic Institute (DHI). MIKE21 SW 
is a new third generation spectral model based on an unstructured mesh which simulates the growth, 
decay and propagation of the swell and wind generated waves in offshore and coastal areas. 
 
The purpose of creating this English Channel model is to generate a long term hindcast dataset of 
calibrated wave parameters outside Cowes Harbour, including wave height, period and direction 
which incorporates the more recent periods of severe weather experienced since the previous round 
of wave modelling. The hindcast model is run from January 1979 to December 2015, encompassing 
periods of particularly severe weather experience over the 2012/2013 winter. 
 
From this hindcast dataset detailed directional analysis and Extreme Value Analysis (EVA) is 
undertaken to derive an updated set of boundary conditions to drive detailed wave disturbance 
modelling of Cowes Harbour and the harbour protection developments.  Details of the spectral wave 
model setup and the subsequent analysis of model outputs to derive wave boundary conditions at the 
harbour entrance are provided in the following report sections. 

2.1 Model Setup 

2.1.1 Mesh 

The MIKE21 Spectral Wave (SW) model grid has been designed using a flexible mesh setup, allowing 
the spatial resolution of model grid cells to be varied across the model domain. This approach is 
adopted to enable sufficient grid resolution at the entrance to Cowes Harbour from which to extract 
representative wave conditions, while maintaining a coarser resolution away from the site of interest 
to maximise computational efficiency.  This is particularly important for this English Channel Spectral 
Wave model since there was a requirement to run it for a long duration >30 years in order to produce 
the necessary database for a robust derivation of extreme wave conditions at the Cowes Harbour 
entrance.  The extents of this regional model are shown in Figure 1. 
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Figure 1. Spectral wave model grid 
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2.1.2 Wave Boundaries 

The English Channel Spectral Wave model has two open boundaries at the eastern and western 
entrances to the English Channel.  The model domain extents have been selected using the following 
justifications: 
 

 HR Wallingford has previously suggested that wave conditions at Cowes can be affected by 
swell waves from the Eastern English Channel. It has not been established that this is the case, 
but the full extent of the English Channel has been included in the spectral wave model to 
allow for this possibility. 

 Wave conditions for the English Channel model boundaries are provided from the ABPmer 
SEASTATES hindcast service (detailed below). These are provided in the form of spectral wave 
parameters which provide an excellent means of forcing waves at the boundary (an alternative 
approach would be a time series of deterministic parameters Hs, Tp Direction). These spectral 
parameters are available for selected locations around the UK coastline, and the boundaries of 
the English Channel model have been designed to coincide with the availability of these 
spectral parameters.  

 

SEASTATES (www.seastates.net/) is a service provided by ABPmer to supply metocean information to 
support site characterisation, project design or operational planning around the UK (ABPmer 2013).  
SEASTATES includes a long-term (37 year) wave hindcast database driven by wind fields derived from 
the NCEP ‘Reanalysis II’ hindcast datasets of spatially and temporally varying winds.  This allows a long 
term hourly dataset of wave parameters, including significant wave height, maximum wave height, 
wave period and wave direction to be created for a specific location.  In addition to the standard wave 
parameters listed previously, spectral wave parameters are available along fixed boundary locations 
around the UK coastline.  The English Channel Spectral Wave model has been specifically designed to 
align with these boundaries to enable the input of spectral wave parameters from the SEASTATES 
service. Full details of the setup, calibration and validation of the SEASTATES wave hindcast model can 
be found in ABPmer 2013. 

2.1.3 Water Levels 

Water Levels have been specified in the model as varying in time but constant in space.  The water 
level variation has been based upon water levels in Cowes Harbour using the following approach: 
 

 Water levels from the calibrated English Channel Hydrodynamic model (ABPmer 2016b) have 
been extracted for a location at the outer Cowes Harbour. 

 This time series has been harmonically analysed to derive harmonic constituents 
representative of the outer harbour.  The approach to deriving constituents from this model 
has been assessed in ABPmer (2016b) and ABPmer (2016c) for multiple locations within Cowes 
Harbour. 

 From the derived constituents a long term time series of water levels has been generated 
which covers the period of the English Channel Wave Hindcast. 

 This time series of water levels has been applied uniformly across the model domain. 
 This selection of water level applies the most representative water level variation for the 

location of interest: Outer Cowes Harbour.  The influence of water depth in the wider model 
domain of the English Channel is less important for the resulting wave climate within the 
Solent.  

2.1.4 Meteorological Forcing 

The English Channel Spectral Wave Model is driven by winds derived from the NCEP Reanalysis 2 Data 
Set.  These data provide complete coverage of the globe at a spatial resolution of 0.5°, and with a 

http://www.seastates.net/
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temporal resolution of one hour for the period 1979 to 2009, inclusive.  As part of the SEASTATES 
wave hindcast development wind speed correction factors were applied to optimise the performance 
of the hindcast.  These adjusted wind fields have been utilised to drive the English Channel Spectral 
Wave hindcast for the period of data availability 1979 to 2009. 
 

For the period 2010 to 2015, inclusive, the English Channel Wave hindcast is driven by wind fields 
sourced from the National Centers for Environmental Prediction (NCEP) Climate Forecast System 
Reanalysis (CFSR) (http://rda.ucar.edu/datasets/ds093.1/) and Climate Forecast System v2 (CFSv2)  
(http://rda.ucar.edu/datasets/ds094.1/) hindcast databases.  The data archive is managed by the 
National Center for Atmospheric Research (NCAR). 
 

Wind is referenced to 10 m above surface and is assumed to represent the hourly mean value.  The 
meteorological data are available at hourly time steps, which are linearly interpolated by the model to 
inform sub-hourly points in the simulation. 
 

The spatial resolution of the source data varies with parameter and year: 
 

 Winds 1979-2010: 0.3 degrees. 
 Winds 2011-present: 0.2 degrees. 

 

All of the meteorological data were linearly interpolated onto a standardised 0.2 degree grid prior to 
use. These gridded meteorological forcing conditions are applied across the surface of the spectral 
wave model to simulate the wind wave generation across the domain. 
 
A comparison of coincident CFSR and NCEP data was undertaken to ensure consistency between the 
two meteorological databases.  This comparison was undertaken using the Hayling Island measured 
wave data since this dataset spans the overlap between the two hindcast wind databases. 
 
The ability of the model to represent the distribution of wave events was assessed for the years 2009 
(NCEP) and 2010 (CFSR).  Quantile-quantile plots were used to plot the 1 percentile values in the 
modelled and measured distributions, shown in Figure 2. 
 

 

Figure 2. QQ comparison of wave heights using alternative wind field forcing 

 
It should be noted that Figure 2 is intended to offer a means of comparison between the waves 
produced from the two alternative hindcast sources by comparing the distributions of the blue and 
black markers. The figure is not designed to be used to assess the model ability to reproduce wave 
conditions at Hayling Island, this will be addressed in the following Report Section 2.2. 

http://rda.ucar.edu/datasets/ds093.1/
http://rda.ucar.edu/datasets/ds094.1/
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2.2 Model Calibration 

Wave outputs from the English Channel Spectral Wave model were compared against available wave 
data in order to assess model performance. 

2.2.1 Available Measured Wave Data 

Hayling Island Wave Buoy 

The best available measured wave database in the Solent area was identified as the Hayling Island 
(Herne Bay) wave buoy.  This instrument has been recording wave parameters between 2003 and 
present.  Although there are occasional data losses associated with technical problems and service 
intervals the data are, in general, of good quality and duration.  The database is managed by the 
Channel Coastal Observatory (CCO) and is available to download via their website. 

Cowes Harbour Measurement Campaign 

A three month field survey was undertaken in October to December 2003 by ABPmer to inform 
proposed developments to the Royal Yacht Squadron in Cowes (ABPmer 2004).  A Nortek AWAC 
(Acoustic Wave And Current meter) device was deployed at 449802E, 96727N OSGB (see Figure 3).  
Wave data were recorded in three deployment periods, summarised in Table 1.  Note that this data 
period is prior to the construction of the new Outer Breakwater, although this is shown in the figure to 
indicate relative proximity. 
 

 
Satellite imagery courtesy: Google Earth 

Figure 3. Location of Cowes 2003 AWAC deployment  
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Table 1. Cowes 2003 AWAC data 

Deployment Start End Comments 
1 26/10/2003 11/11/2003 There are quality issues associated with this deployment. 

The sensor was inverted in the second week of data 
recording and the data were unusable. The sensor was 
then moved into slightly deeper water for the last part of 
recording.  

2 11/11/2001 02/12/2003 No usable data were recovered: The sensor was inverted 
for the full duration. 

3 02/12/2003 22/12/2003 For this deployment there was no interference to the 
device  Wave directions appear very scattered, likely as a 
result of small waves that are not easily measured by the 
AWAC. 

Measured Data Limitations 

It is worth noting that both available measured datasets have limitations and any data comparisons 
should be considered with these in mind.  
 
The Hayling data, although good quality, are approximately 23 km from the site of interest. The 
Hayling buoy location is in a more open sea environment than the entrance to Cowes Harbour and 
will be exposed far more to larger waves from the east. This site is more exposed to swell wave 
generation over long fetches, while Cowes is in a much more sheltered location and more influenced 
by wind wave generation over short fetch distances and will have a different directional distribution in 
comparison to the Hayling data. These data therefore provide a useful indication of model 
performance in the Eastern Solent but should be treated with caution when considering model 
performance outside Cowes.  
 
The Hayling Buoy is in a water depth of approximately 10 mCD with a spring tidal range of 4.6 m. 
The spring tidal range at Cowes is 3.4 m. 
 
The limitations of the Cowes data are: 
 

 Data are of short duration: 20 days of measurements are available recorded during December 
2003.  So this data can be considered a snapshot view only – not necessarily indicative of 
typical winter conditions. Analysis of wave data from the Hindcast model in Cowes harbour 
indicates that the highest waves recorded during this calibration period are approximately 
equivalent to a 1 in 0.75 yr wave. 

 Small waves are not easily measured by the AWAC instrument.  Both the spectral peak period 
and wave direction data are believed to be erroneous due to this sensor limitation. It is 
possible that wave heights and mean periods are also affected. 

 Noise (random sensor effects affecting the data signal) is also observed in the Tz data. 
 The data will be subject to external influences such as vessels passing close to the sensor. 
 The short duration of the dataset also means that the data may be affected by a short term 

influence: for example temporary poor performance of the wind hindcast, or an 
uncharacteristic combination of wave and tide conditions, which would bias the analysis: 
where as a using longer dataset would eliminate potential short term influences.  

2.2.2 Comparison of Wave Parameters 

Visual assessment of model performance was undertaken by comparing the modelled and available 
measured data at the Hayling Buoy and Cowes Harbour locations.  Selected wave parameter 
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comparisons are presented below in Figure 4 to Figure 8. Spectral peak period (Tp) and mean zero 
crossing period records are available from the Hayling buoy and so both have been presented. At 
Cowes the Tp and directional records are considered erroneous and have not been included here. The 
Tz signal contains some data noise (seen as high spikes in the record) but is the best wave period 
information available for comparison. The calibration period selected is December 2003, which is the 
only time for which data are available at Cowes harbour for calibration. 
 

 

Figure 4. Measured and Modelled Hs at the Hayling Wave Buoy 

 

 

Figure 5. Measured and Modelled Tp at the Hayling Wave Buoy 

 

 

Figure 6. Measured and Modelled Tz at the Hayling Wave Buoy 
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Figure 7. Measured and Modelled Hs at Cowes Harbour 

 

 

Figure 8. Measured and Modelled Tz at Cowes Harbour 

 
In general, the comparison between measured and modelled waves shows good agreement between 
the two datasets. There is a general trend of overestimation of wave heights based on the Hayling 
buoy comparison through the bulk of the wave height distribution, although it is worth noting that  
the agreement at the peak of the wave distribution is very close (this is supported by the QQ plots 
presented discussed on the following pages). At Cowes there is good agreement between modelled 
and measured Hs between the 9th and the 22nd December, however in the earlier part of the time 
series modelled wave heights are lower than the equivalent measured data and the highest peaks in 
wave height are not captured.   
 
No measured direction data are available for the Cowes site, so directionality must be considered with 
reference to the hindcast data. Figure 9 shows the modelled wave directions for the calibration period 
along with the Hs comparison. Based on this data the main period of underestimation of wave heights 
occurs when waves are from the north east sector. 
 
Following these initial comparisons additional investigation was undertaken to validate the wave 
heights derived from the spectral wave model against the measured data. Fetch limited wave growth 
equations were calculated to assess the validity of the measurements of Cowes. These calculations 
followed the recommended approach in the Automated Coastal Engineering System (ACES) produced 
by the US Army Corps of Engineers, Coastal Engineering Research Centre. 
 
Results of this comparison are shown in Table 2 below. Fetch distances have been taken as the 
maximum distance between the measurement site and the furthest cost in the sector of interest (in 
this case north east). Wind speeds have been extracted from the Lymington measured wind speed 
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record for the time of high waves. This is considered more robust than using hindcast data for the 
same period, and also gives a more conservative result. The resulting wave heights represent the 
theoretical maximum Hs a wave would achieve at the Cowes measurement location, under the wind 
conditions observed at the time. 
 
This comparison indicates that the 0.63 m wave recorded in the measurements is in fact an 
unachievable wave height given the meteorological conditions at the time. This casts some doubts as 
to the validity of the measured wave height record. 
 

Table 2. Fetch limited wave height calculations 

Date of Peak 
Event 

Sector 
Fetch Distance 
(km) 

Wind Speed 
(m/s) 

Fetch Limited 
Hs (m/s) 

Peak Hs From 
Measurement
s (m/s) 

Peak Hs From 
Model (m/s) 

04/12/2003 NE 7 10 0.40 0.63 0.44 
07/12/2003 NE 7 14 0.56 0.50 0.38 
 

 

Figure 9. Measured and modelled Hs and modelled mean wave direction at Cowes 

 
Wave heights have been compared using quantile-quantile plots in Figure 10 and Figure 11.  These 
provide a time independent approach to comparing wave height distributions by sorting coincident 
modelled and measured data by wave height and calculating percentile wave heights for both 
distributions.  
 
Figure 10 shows the comparison of just over 11 years of coincident modelled and measured data at 
the Hayling Island buoy location.  The QQ indicates that wave heights generated by the model are 
overestimated by 0.1 to 0.2 m throughout, however the largest event in this time-series is well 
represented and this agreement will have a greater impact on the results of extreme value analysis.  
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Figure 10. Measured and Modelled Hs QQ plot: Hayling Buoy location Oct 2003-Dec 2015 

 

Figure 11. Measured and Modelled Hs QQ plot: Cowes Harbour December 2003 

The comparison at Cowes has a less clearly defined trend as would be expected due to short term 
variance in the relatively short measurement period.  Wave heights are generally reproduced well 
(within 0.05 m) throughout most of the time-series, however, larger wave conditions in this period 
were underestimated by approximately 0.05 m, and 0.1 m for the single largest observation.   
 
There is no justification for adjustment of the English Channel model based on the above 
comparisons. While the modelled wave heights appear slightly under-represented for selected events 
at the Cowes site it should be remembered that this data is of very short duration and subject to 
external influences such as nearby vessel movement as well as sensor limitations, particularly 
associated with small wave heights.  There is also a possibility that the hindcast wind data utilised is 
not as accurate for this particular period and location: Without a longer dataset it is not possible to 
ascertain this. Comparisons with the Hayling Island data indicate in general a slight overestimate of 
wave heights in the bulk of the distribution but a much closer agreement at the peak which will be of 
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most relevance to extreme value calculations. Confidence in the quality of the Hayling Island data is 
much higher, and comparisons will be more robust based on the longer record duration. With these 
points in mind there is no good evidence to make any adjustment to the output of the spectral wave 
model before undertaking extreme value analysis.  

2.3 Directional Analysis 

Waves are able to enter Cowes Outer Harbour from a wide variety of directions, from almost due west, 
clockwise to almost due east.  The general geography of the Cowes locality suggests that wave 
directions from the east to northeast and the west to northwest will be most severe. The fetches 
available for wave growth in the central Solent are shown in Figure 12. It is unlikely that fetches from 
the north will have significant contribution to extreme waves owing to the narrow entrance to 
Southampton Water restricting the ability for waves to develop from this direction.  
 

 

Figure 12.  Fetches available for local wave development within the central Solent 

 
The orientation of Cowes Harbour means that waves directly from the east or west are also unlikely to 
have a significant effect on the extreme wave climate in Cowes Harbour. 
 
In order to understand which directions extreme waves impacting Cowes Harbour most commonly 
arrive from, we have undertaken a directional analysis of waves predicted by the spectral wave 
hindcast at two positions; at the centre of the northern boundary of the Boussinesq wave model 
(Figure 20), and at the front edge of the Outer Breakwater. 
 
Waves from the west, clockwise through east will potentially impact Cowes Harbour.  However, waves 
travelling from close to or south of due east or due west outside of Cowes Harbour are unlikely to 
orientate into Cowes and produce large waves at the breakwater.  Therefore, any differences in the 
wave distribution between the centre of the northern boundary of the Boussinesq wave model, and at 



East Cowes Wave Disturbance    Boskalis Westminster Limited 

ABPmer, December 2016, R.2732  | 14 

the front edge of the Outer Breakwater will reveal which wave events occurring outside Cowes 
Harbour require further analysis.  Figure 13 shows the distribution of wave height against wave 
direction at the two positions. 
  

 

Figure 13.  Hindcast wave direction against wave height (1979 to 2015, inclusive) for the 
centre of the northern Boussinesq model boundary (blue), and the front edge of 
the Outer Breakwater (red) 

 
There are two peaks in wave heights in the directional distribution at the Boussinesq model boundary 
(blue), with the largest waves primarily coming from around 260°N, and from around 90°N.  However, 
further inshore at the Outer Breakwater (red), the largest waves tend to arrive from a more northerly 
aspect, suggesting that the largest waves at the Boussinesq model boundary do not generally impact 
Cowes Harbour.  This is likely to be attributable to the blocking effect of Egypt and Old Castle Point 
headlands. We therefore apply a filter to the data in order to remove wave events where waves are 
arriving from directions 90°N clockwise through to 270°N (i.e. an ‘offshore’ direction - from the land) 
at both the Boussinesq model boundary and at the Outer Breakwater.  This produces the distribution 
shown in Figure 14. 
 
Having removed those waves which are not directed towards Cowes Harbour, it becomes clear that 
the largest waves offshore (blue) come from around 270°N (from the west). However, these events do 
not produce large waves at the Outer Breakwater (red).  There is a clear cut-off direction, where waves 
offshore (blue) at more westerly angles than 285°N (shown by the vertical black dashed line) do not 
arrive into Cowes Harbour as large waves. (i.e. see the red points to the immediately to the left of the 
vertical black dashed line). This is likely to be due to the influence of Egypt Point headland, sheltering 
Cowes Harbour from waves from the west   
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Figure 14.  Hindcast wave direction against wave height (1979 to 2015 inclusive) for the centre 
of the Boussinesq model boundary (blue), and the front edge of the Outer 
Breakwater (red), filtered to only include waves directed into Cowes Harbour 

 
Therefore, waves with an approach angle at the Outer Breakwater less than 285°N are also filtered out 
prior to further analysis. The remaining wave events at the Outer Breakwater (red) do not show a clear 
direction which produces the largest waves.  For this reason we further examine the wave directional 
distribution of the filtered wave data with the wave rose shown in Figure 15. 
 

 

Figure 15.  Wave rose for the centre of the northern Boussinesq model boundary (waves 
filtered to only include waves from 285°N clockwise through 90°N) 
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Longer bars indicate a greater proportion of waves arriving from that direction.  It is clear that the 
majority of the waves after filtering arrive from more easterly directions, although for the north-
easterly sector, waves larger than 0.5 m are roughly equally likely to arrive from any direction in the 
sector from north clockwise through east.  For directions from west clockwise through north, waves 
arrive less frequently and are generally smaller. When carrying out an analysis of extreme waves, it is 
the larger waves that we are interested in, and so Figure 16 presents the same data, further filtered for 
only waves larger than 0.4 m. 
 

 

Figure 16.  Wave rose for the centre of the northern Boussinesq model boundary (waves 
filtered to only include waves larger than 0.4 m from 285°N clockwise through 
90°N) 

When considering the larger waves directed into Cowes Harbour, these events more commonly occur 
with waves arriving from the sector north clockwise through east.  Whilst the largest waves typically 
arrive from more easterly directions, large waves are also possible from any other direction in this 
sector.  Given the relative aspects of exposure and protection within Cowes Harbour, the marina  is 
less likely to be affected by waves from due east, there is no strong evidence to suggest that any 
particular direction in this sector should be favoured.  Therefore, an extreme value analysis is carried 
out on all wave events with directions coming from north clockwise through to east.  
 
Larger waves are also possible from directions 285°N clockwise through north.  These most commonly 
arrive from a more westerly direction, but, as with the other sector, the largest waves do not favour 
any particular direction within this sector.  Therefore an extreme value analysis is carried out on all 
wave events with directions coming from 285°N clockwise through north. 

2.4 Extreme Wave Analysis 

2.4.1 Wave Heights  

The extreme significant wave heights for the site are extracted from the spectral wave model hindcast.  
The following procedure is carried out for waves arriving from 285°N clockwise through north, and 
then again for wave events with directions coming from north clockwise through to east. 
 

 The time series of waves from each 45° directional sector (centred on E, NE, N, NW and W) is 
assessed to extract peak storm wave heights from the data series.  A storm is defined as 
having: 

o A minimum of three hour duration; 
o A period of at least 24 hours between separate storm events; 
o A fixed wave height threshold defining a ‘storm peak’. 
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 The fixed wave height threshold referenced above is adjusted until a frequency of 
approximately six storms per year is achieved where possible; 

 A Pareto distribution is fitted to the storm peaks and the shape and scale parameters of the fit 
determined; 

 The Pareto fit to data is visually assessed, and if necessary the storm peaks are reselected and 
the data refitted to improve the fit quality. In practice this is a subjective process guided by 
the behaviour of the scale and shape parameters at various thresholds, and the experience of 
the practitioner.  Further details on threshold selection can be found in Coles (2001); and 

 The final shape and scale parameters are used to extrapolate the theoretical fit to data in 
order to determine extreme return period events. 

 
Figure 17 and Figure 18 show the fits to the data produced by the extrapolations. 95% confidence 
intervals are also shown in order to provide an indication of the uncertainty in the fit. 
 

 

Figure 17.  Distribution of extreme wave heights by return period for waves arriving in the 
sector north clockwise through east 

 

Figure 18.  Distribution of extreme wave heights by return period for waves arriving in the 
sector 285°N clockwise through north 
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In both cases the distribution of extreme waves displays a ‘flattening’ toward higher return period 
events. This is expected, owing to the geography of the area not supporting development of larger 
waves. 

2.4.2 Wave Periods 

In order to define the wave periods that are associated with the extreme waves at Cowes, we 
undertake an analysis of the steepness of the largest waves recorded in both measured and modelled 
historical records.  These steepnesses are then applied to the heights of the extreme waves defined in 
Section 2.4.1.  Figure 19 shows the distribution of wave steepnesses for both measured and modelled 
wave data during the December 2003 measurement campaign. 
 

 

Figure 19.  Wave height plotted against wave period during the December 2003 measurement 
campaign, with various wave steepness curves also overlain 

 
The data suggest that both measured and modelled data follow a Tz steepness of around 1 in 12. 
 
For the spectral peak period, there is more scatted in the data.  On average, the Tp:Tz ratio for larger 
waves is around 1.47. 
 
Combining the wave heights calculated in Section 2.4.1 with the wave steepnesses calculated in 
Section 2.4.2 yields the extreme wave conditions in Table 3. 
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Table 3.  Extreme wave conditions at the boundary of the Boussinesq wave model 

Return Period 
(years) 

Sector North Clockwise Through East Sector 285°N Clockwise Through North 
Hs (m) Tz (s) Tp (s) Hs (m) Tz (s) Tp (s) 

0.1 0.17 1.13 1.66 0.17 1.15 1.69 
0.2 0.32 1.56 2.29 0.33 1.60 2.36 
0.5 0.48 1.92 2.82 0.50 1.97 2.89 
1 0.58 2.11 3.10 0.61 2.16 3.17 
2 0.66 2.25 3.31 0.69 2.30 3.38 
5 0.75 2.40 3.53 0.78 2.44 3.59 

10 0.80 2.48 3.65 0.83 2.52 3.71 
20 0.85 2.55 3.75 0.87 2.59 3.80 
50 0.90 2.63 3.86 0.92 2.65 3.90 

100 0.93 2.67 3.92 0.94 2.69 3.95 
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3 Boussinesq Wave Modelling 
Having established representative wave conditions at the entrance to Cowes Harbour a detailed wave 
disturbance model of the harbour was constructed.  This model is built to simulate the detailed 
patterns of waves passing through Cowes Harbour (including diffraction, shoaling, refraction, 
reflection, etc) and allows the assessment of the effect of wave protection structures within the 
harbour.  
 
The following report sections detail the model setup and run schedule, after which the results of the 
modelling and an assessment of the Scheme performance is provided. 

3.1 Baseline Model Set Up 

The model grid has been designed to provide sufficient coverage of the area of interest while 
maintaining computational efficiency.  The grid extent is shown in Figure 20 and has a grid resolution 
of 2 m.  The position of the northern boundary provides sufficient distance for waves to enter the 
model and stabilise before entering the harbour.  Waves only enter the model from the northern 
boundary. The east and west extents of the model have been located far enough away to prevent any 
edge shadow effects from north-east or north-west waves affecting the Cowes Harbour area. 
 

 

Figure 20. Boussinesq wave model domain 

 
Model efficiency was improved by adopting a modified setup for the north east and north west model 
runs as follows: 
 

 The length and lateral position of the northern boundary required was assessed dependent on 
direction: For north easterly waves this needs to be positioned to the east of the harbour 
entrance, and vice versa for the north west. 

 The edges of the model where wave computations are not required are filled with ‘false land’. 
This prevents wave parameters being calculated for these cells and improves model run time. 

 ‘Sponge’ (energy absorbing) layers are placed in front of these false land areas to remove 
wave energy where it is not required while maintaining stability.  
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‘Sponge’ (absorbing) layers are also located behind the wave generation line, adjacent to the line ends 
and upstream in the Medina River to absorb wave energy which should in reality travel outside of the 
domain covered by the model.  All of these steps reduce the number of complex computations 
undertaken for areas which have no impact on the wave conditions in the harbour. The configurations 
of the two directional grids are shown in Figure 21. 
 

 

 

Figure 21. Boussinesq wave model setup: sponge layers, NE (top) and NW (bottom) grids 

3.2 Scheme Model Setup 

The Scheme model setup for any wave scenario is based on the corresponding Baseline model setup 
with the following modifications: 
 

 The additional presence of the proposed Shrape Breakwater Extension; and 
 Adjustment of the bathymetry according to the planned dredging works.  
 

The scheme design is detailed in the drawing MP243-00-P-Sk11 (Figure 22) including the position of 
the Shrape Breakwater Extension and the extents and minimum depths of various dredging zones in 
and around Cowes Harbour. 
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Figure 22.  Scheme Outline Drawing 
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3.3 Partially Reflective Surfaces 

The following structures in and around Cowes Harbour are considered to be partially reflective to local 
waves: 
 

 The outer breakwater; 
 The southern edge of the Shrape Breakwater; 
 The Cowes Yacht Haven wave screen; 
 The car ferry berth pontoon; 
 The Royal Yacht Squadron breakwater; and 
 Parts of the Venture Quays frontage. 
 

The following sections describe the methods that were used to determine appropriate descriptions of 
these partially reflective structures to apply in the model.  
 
All other coastal frontage was conservatively considered to be nearly fully reflective in all cases, which 
does not require any additional consideration or calculation to be made. 

3.3.1 Porosity and Reflection Coefficients 

The approach to representing impermeable structures with partial reflective properties in the 
Boussinesq wave model is as follows: 
 

 The impermeable part of the structure is defined with a ‘land’ code; 
 The partially permeable or submerged part of the structure is defined using a ‘porosity’ value 

in the model grid which is calculated using the following values as inputs to the MIKE21 
‘Calculation of Reflection Coefficients’ tool: 

o The properties of the incident wave on the structure 
o A reflectivity coefficient estimated based on structure properties: i.e. rubble toe, 

sloped wall etc. (see Figure 23). 
o The stone diameter 
o The width of the partially reflective layer 
o The wavelength of the incoming wave 
o The still water depth 

 More details about the use of this tool may be found in the associated user help and manual 
(http://www.mikepoweredbydhi.com/). 

 
Unique partially reflective structures have been defined within the model domain and for each of 
these surfaces an appropriate porosity has been calculated following the approach above for each of 
the different wave conditions and still water levels modelled.   
 
Guidance on the appropriate choice of reflection coefficient is taken from Thompson et al (1996) and 
as summarised in Figure 23.  In order to provide the correct sheltering to the location of the new 
marina in Cowes Harbour, the representation of the Outer Breakwater, the Shrape Breakwater and the 
proposed extension are particularly important. The consideration of these structures is described in 
Section 3.3.2 and 3.3.3 below. 
 

http://www.mikepoweredbydhi.com/
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Figure 23. Typical reflection coefficient ranges from Thompson et al (1996) 

3.3.2 Representation of the Outer Breakwater 

Technical drawings of the breakwater design (representative of the breakwater as built) have been 
supplied by Atkins1 which provides the width, diameter and height of the solid sand core and rubble 
protection across the breakwater. Using these diagrams the compound armour slope has been 
calculated as 1:2.9 with an average rock diameter of 0.8 m based on the specified rock densities of the 
armour.  
 
The effect of porosity is complicated by the fact the breakwater is sloping and partially submerged 
across a large area.  The following approach to modelling breakwater porosity has been undertaken: 
 

 The model has been run for the baseline condition for a mean high water spring (MHWS) level 
of 4.2 m above chart datum (CD).  Based on the drawings the crest of the solid sand core part 
of the breakwater is approximately at this level, and the contour corresponding to the sand 
crest has therefore been used to define the impermeable centre of the breakwater structure.  

 The width of the rock armour core above MHWS level has been calculated using the same 
drawings. 

 The appropriate porosity for the rock armour has been calculated using the MIKE21 
‘Calculation of Reflection Coefficients’ tool and the approach described in Section 3.3.1. 

 The footprint of the breakwater has been defined as 25 m from this central core, again based 
on the technical drawings showing the width of the raised sand layer. 

                                                      
1  Document ref 13101-20C-03-LY-01-0_Design Breakwater Handoverdate-A1.pdf dated 25/04/2014. 
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 Linear wave equations have been calculated for the incident wave heights on the structure for 
each of the wave conditions tested.  These show that the waves will feel the effect of the 
breakwater right down to the toe of the structure at the water levels tested.  

 To represent the breakwater slope the porosity value calculated for the emergent part of the 
breakwater (i.e. everything above MHWS) is graded back to unity between the MHWS contour 
and the structure toe. 

3.3.3 Representation of the Shrape Breakwater and Shrape Extension 

The outer edge of the Shrape Breakwater has been treated as a solid vertical wall and applied a central 
reflectivity coefficient based on the range of reflectivity recommended for this type of structure by 
Thompson et al (1996).  The rear wall of the Shrape Breakwater, being slightly sloped and spaced with 
concrete supports has been given a reflectivity at the lower reflectivity range of this type of structure. 
The MIKE21 toolbox has then been applied to derive the associated porosity values associated with 
these.   
 
The width of the porosity layer has been set to 6 m based on the wavelength of the incoming waves in 
order to correctly represent the partially reflective properties of the Shrape Breakwater. 
 
The design of the proposed Shrape Breakwater Extension used in the present study and summarised 
below is that described in the report - Ramboll (2016). Cowes Shrape Breakwater: Design Basis Report. 
Report 1620002806-CW-DBS-001 for Boskalis Westminster Dredging. Revision 01 Final 1/11/2016. 
 
The Shrape Breakwater extension in the scheme model setup has been represented as a solid vertical 
wall in the same way.  The two construction designs under consideration have a revetment or armour 
around the toe of the structure of varying size, with the choice of structure informed by the results of 
the wave testing.  The scheme tested therefore is representative of the structure with the smaller toe 
armour.  

3.4 Modelled Scenarios 

Modelled simulations have been set up for three main wave directions: north-east (NE), north (N) and 
north-west (NW), for 1 in 1 year and 1 in 100 year return period events.  In addition a north-northeast 
(NNE) and a north-northwest (NNW) 1 in 1 and 1 in 100 year wave have also been tested to assess the 
directional sensitivity of the protection of the harbour wave defence structures.  Sensitivity to variation 
in still water level and sea level rise has also been investigated.  The summary of conditions tested are 
shown in Table 4.  
 
Larger waves will persist for longer in greater water depths. The water levels tested represent a range 
of realistically possible and relatively deep water conditions that might be experienced during the 
lifetime of the breakwaters and the new marina. Mean high water springs (MHWS) is a commonly 
occurring high water level under present day tidal conditions, 4.2 mCD. Highest astronomical tide 
(HAT) is 4.6 mCD, 0.4 m above MHWS at Cowes and is a relatively extreme high water level that 
typically occurs only a few times per year under normal tidal conditions. The design specification for 
the Shrape Breakwater Extension includes allowance for 0.3 m of sea level rise during the lifetime of 
the structure which has been conservatively added to HAT to represent the greatest tidal still water 
level that would be expected in this period. Water levels above that predicted due to the tide alone 
might occur due to storm surges, however, storm surges are more likely to coincide with lesser tidal 
high water levels. 
 
A summary of conditions tested are shown in Table 4. 
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Table 4. Boussinesq model simulations 

Setup Return period Wave Direction Water Level 
Baseline 1:1 year North east MHWS 
Baseline 1:100 year North east MHWS 
Baseline 1:1 year North west MHWS 
Baseline 1:100 year North west MHWS 
Baseline 1:100 year North north east MHWS 
Baseline 1:100 year North north west MHWS 
Baseline 1:1 year North MHWS 
Baseline 1:100 year North MHWS 
Scheme 1:1 year North east MHWS 
Scheme 1:100 year North east MHWS 
Scheme 1:1 year North west MHWS 
Scheme 1:100 year North west MHWS 
Scheme 1:100 year North north east MHWS 
Scheme 1:100 year North north west MHWS 
Scheme 1:100 year North east HAT 
Scheme 1:100 year North west HAT 
Scheme 1:100 year North west HAT + 0.3 m sea level rise 
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4 Wave Disturbance in Cowes Harbour 
This section presents the results of the Boussinesq wave disturbance modelling. The following 
scenarios have been tested: 
 

 Baseline (Outer Breakwater) and Scheme (Shrape Breakwater Extension and associated 
harbour dredging); 

 N, NW and NE wave directions; 
 1 in 1 year and 1 in 100 year return periods; 
 Directional sensitivity tests (NNW and NNE); and 
 Water level sensitivity tests (MHWS, HAT, and HAT +0.3 m sea level rise) 

4.1 Australian Marina Standards 

The Australian Marina Standards (2002) provide target wave conditions that should not be exceeded 
within a marina for 1 in 1 year and 1 in 50 year return period wave conditions, for waves which are 
either head, oblique or beam seas, and according to whether the wave period is more or less than 2 
seconds. Wave height criteria are provided directly for ‘good’ conditions; the wave height criteria are 
multiplied by 0.75 for an ‘excellent’ wave climate, and by 1.25 for a ‘moderate’ wave climate. The 
standards used for the comparison at the new marina development are: 
 

 1 in 1 year wave height criteria for Oblique seas >2s period: 
o Moderate:  0.38 m 
o Good: 0.30 m 
o Excellent: 0.23 m 

 1 in 50 year wave height criteria for Oblique seas >2s period: 
o Moderate: 0.50 m 
o Good: 0.40 m 
o Excellent: 0.30 m 

 
The oblique sea wave height criteria are considered to be appropriate and applicable in all of the 
scenarios tested. A larger head sea wave height criteria (0.6 m for ‘good’) might be arguably (but less 
conservatively) used for some parts of the marina for 1 in 50 waves from the NW. 
 
The 1 in 1 year wave height model result is tested directly against the 1 in 1 year target condition. The 
1 in 100 year model result provides a relatively conservative test of the 1 in 50 year target condition; it 
is also required as a key extreme wave condition to inform other engineering decisions. 
 
The Baseline and Scheme results are presented as absolute wave height predictions and as categories 
in comparison to the Australian Standards for the Design of Marinas (Australian Standards, 2001) in 
Figure 24 to Figure 40.   
 
Plots showing the difference in wave height between scheme and baseline are presented in Figure 41 
to Figure 43.  The difference map is calculated as the Scheme wave height minus the corresponding 
Baseline wave height. Red indicates a local increase and blue indicates a local reduction in wave height 
as a result of adding the Shrape Breakwater Extension and planned dredging works. 
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It should also be noted that the marina outline shown in the images represents the edge of the ‘MD’ 
dredged area to the toe of the dredged slope at the back of the marina.  The main mooring pontoons 
are planned to be located some distance within this boundary but the outline as shown also allows for 
vessels that may be moored to the outside of the boundary pontoon.   
 
It is also noted that these simulations and results conservatively do not include the wave damping 
effect of pontoons and vessels in the new marina. Once present, these will only further reduce wave 
heights within the marina footprint. 
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4.2 Baseline Results 

  

Figure 24. Baseline NE 1 yr MHWS 
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Figure 25. Baseline NW 1 yr MHWS 
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Figure 26. Baseline NE 100 yr MHWS 
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Figure 27. Baseline NW 100 yr MHWS 
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Figure 28. Baseline NNE 100 yr MHWS 
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Figure 29. Baseline NNW 100 yr MHWS 
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Figure 30. Baseline N 1 yr MHWS 
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Figure 31. Baseline N 100 yr MHWS 
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4.3 Scheme Results 

  

Figure 32. Scheme NE 1 yr MHWS 
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Figure 33. Scheme NW 1 yr MHWS 
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Figure 34. Scheme NE 100 yr MHWS 
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Figure 35. Scheme NW 100 yr MHWS 



East Cowes Wave Disturbance    Boskalis Westminster Limited 

ABPmer, December 2016, R.2732  | 41 

  

Figure 36. Scheme NNE 100 yr MHWS 
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Figure 37. Scheme NNW 100 yr MHWS 
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Figure 38. Scheme NE 100 yr HAT      Figure 39. Scheme NW 100 yr HAT 
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Figure 40. Scheme NW 100 yr HAT +SLR 
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4.4 Difference Plots 

  

Figure 41. Difference in wave conditions (scheme – baseline)  NE 1 yr and 100 yr MHWS 
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Figure 42. Difference in wave conditions (scheme – baseline)  NW 1 yr and 100 yr MHWS 
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Figure 43. Difference in wave conditions (scheme – baseline)  NNE and NNW 100 yr MHWS 
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4.5 Discussion  

This section provides a discussion of the result plots from the previous section.  
 
In some model results, there is a small localised area or line of enhanced wave activity in the SE corner 
of the marina that is anomalous and is likely to be associated with a small numerical instability at the 
corner of the Venture Quays breakwater. This irregularity is not considered to be correct and should 
be disregarded in terms of both wave height and the marina standard results. 
 
It is noted that these simulations and results conservatively do not include the wave damping effect of 
pontoons and vessels in the new marina. Once present, these will only further reduce wave heights 
within the marina footprint.  The wave disturbance in the marina does not however include any 
allowance for ship wash as a result of any vessel movements in the area. 

4.5.1 Baseline Results 

The baseline results for NE and NW waves for a 1 in 1 year return period event are shown in Figure 24 
and Figure 25.  The results show that the Outer Breakwater provides good shelter for the new marina 
for waves from the NW and the existing Shrape Breakwater provides good shelter for waves from the 
NE.  The resulting marina wave height standard is excellent with a small area of good conditions in the 
North West corner of the marina for wave from the NW. 
 
The baseline results for NE and NW waves for a 1 in 100 year return period are shown in Figure 26 and 
Figure 27.  The incident wave height has increased, but by comparison with the correspondingly 
increased marina wave height criteria (for a 50 year condition), excellent standards are achieved 
throughout most of the marina for waves from the NE and excellent and good standards are achieved 
throughout the marina for waves from the NW. 
 
Waves from the NNE (Figure 28) result in more wave activity encroaching into the marina area 
through the gap between the eastern end of the Outer Breakwater and the western end of the Shrape 
Breakwater. There is a corresponding reduction in the marina standard in the NW corner of the marina 
from excellent to good.   
 
Waves from the NNW (Figure 29) show similar results to that from the NW (Figure 27). The NW wave 
height and period conditions applied from a Northerly direction (Figure 30 and Figure 31) do not 
adversely affect the wave standard in the marina. 

4.5.2 Scheme Results 

The same sequence of results, this time with the scheme (Shrape Breakwater Extension and harbour 
dredging) added, is shown in Figure 32 to Figure 40. 
 
The scheme has little influence on waves from the NW as the Outer Breakwater is already providing 
good shelter to the new marina area.  The breakwater extension does, however, provide additional 
protection for waves from the N, NE and NNE (Figure 34 and Figure 36) with a greater proportion of 
the marina area achieving the excellent standard. 

4.5.3 Water Level Sensitivity 

The wave energy entering the harbour increases slightly in response to further increase in the static 
water level as is illustrated in tests for HAT and HAT +0.3 m of Sea Level Rise water levels (Figure 38 to 
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Figure 40). The effect is to increase wave height further and to relatively reduce the wave height 
standard to predominantly good, but also as low as moderate in some locations. 
 
It is noted that these particularly high water levels will occur only very infrequently and it becomes 
increasingly unlikely that the (also infrequent) 1 in 1 and 1 in 50 year period wave conditions will occur 
at the same time. Statistically, with due regard for the joint probability of high water and large wave 
events, such high water levels are more likely to coincide with some smaller wave height condition. 

4.5.4 Difference Plots 

By comparing the Scheme results with the Baseline results, the effect of the Shrape Breakwater 
Extension and various dredging works can be directly demonstrated.  These difference plots are 
shown in Figure 41 to Figure 43.  In these plots areas of blue shading indicate a reduction in wave 
height as a result of the scheme, for example in the lee of the Shrape Breakwater Extension.  Areas 
shaded red indicate an area of increased wave activity resulting from the introduction of the scheme, 
for example the area seaward of the Shrape Breakwater Extension for waves from the NE and NNE has 
an increased significant wave height of approximately 0.1 m for the 1 in 100 year event and the 
deepening of the Eastern Channel results in slightly more wave activity (up to 0.07 m for the 1 in 100 
year event) crossing the harbour again for waves from the NE. 

4.5.5 Potential for Wave Current Interaction within Cowes Harbour 

There is the potential for tidal currents in and around Cowes Harbour to locally modify the steepness 
and the height of waves.  In general, waves travelling towards an opposing current will experience a 
reduction in wavelength, and an increase in wave height and steepness.  In contrast, waves travelling 
with a current will experience the opposite effect and waves travelling perpendicular to a current will 
be largely unaffected. The amount of wave energy is not affected by this process. Any modifications to 
the local appearance of waves in one location as a result of wave current interaction will be largely 
‘undone’ as they move into other locations with less or no current acting in the direction of wave 
travel. 
 
For significant wave current interaction to occur, the speed of the current must be significant in 
comparison to the speed of the waves in the same relative direction. Whilst stronger currents might 
be present in Cowes Harbour at certain times (i.e. peak ebb or peak flood) , current speeds in most 
locations, especially in the vicinity of the new marina, are generally only slight (<~0.5 m/s). The speed 
of a 3 second period wave can be estimated as ~5 m/s using the standard wave dispersion ‘phase 
velocity’ relationship for deep water. The speed of a wave in relatively shallow water can be less, but 
would also be associated with even lower current speeds. The speed of the waves assessed in the 
present study are therefore large in proportion to the typical current speeds and so no significant 
wave current interaction is expected. 

4.5.6 Shrape Breakwater Extension Crest Height 

Two options are currently under consideration for the crest height of the Shrape Breakwater 
Extension, +5.0 mCD and +5.5 mCD.  These heights are equivalent to 0.8 m and 1.3 m above MHWS, 
respectively.  Maximum significant wave heights in front of the breakwater are approximately 0.6 m at 
MHWS and potentially higher for more extreme water levels.  Under these conditions only limited 
overtopping is likely to occur.  Allowing for the maximum predicted tidal water level of HAT (+4.6 
mCD) or the predicted sea level rise of +0.3 m, overtopping of the breakwater is more likely to occur.  
However, as overtopping is not included in the modelling simulation the volumes and consequence of 
the overtopping cannot be quantified. 
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5 Conclusions 
The baseline condition (i.e. the present day harbour layout with no additional dredging) is already 
close to achieving the required wave height standards and provides relatively good shelter in the 
footprint of the new marina.  Ignoring the area outside of the actual footprint of the new marina 
pontoons, and using the oblique sea wave height criteria, then the marina is likely to achieve the 
required standard under the present baseline conditions. 
 
The addition of the Shrape Breakwater Extension and other dredging works does provide additional 
protection to the new marina area but also causes a small associated increase in wave height due to 
wave reflection, mainly in the Eastern Channel.  The addition of the Shrape Breakwater Extension and 
the proposed dredging works consistently provides ‘excellent’ or ‘good’ conditions in the new marina 
area, with only a small area of ‘Moderate’ conditions for more extreme water level sensitivity scenario 
testing. 
 
These conclusions are based on simulated wave conditions from a wide range of scenarios. The 
detailed nature of the Boussinesq wave model simulations inevitably leads to detailed local variance in 
the reported wave height and there are also potential uncertainties associated with key model inputs 
such as the bathymetry, the reflection/absorption terms applied certain structures, the water level and 
the incoming wave boundary condition. These uncertainties have been managed and reduced by 
identifying and validating the most realistic and representative input values, and also by using a 
deliberately broad and conservative range of scenarios. These have shown that the Australian Marina 
Standards will be met as described within the reasonably expected range of possible conditions and 
that this result is not particularly sensitive to the known sources and ranges of uncertainty.  
 
A conservative approach has been taken to the assessment of the 1 in 50 year marina standard wave 
height condition, by testing it against a larger 1 in 100 wave height simulation. All scenarios use a 
mean high water spring water level condition. The simulations and the results of this assessment 
conservatively do not take account of any further wave dampening that might be caused by the 
infrastructure of the new marina, including the (potentially wave absorbing) outer pontoons, the inner 
pontoons and/or any moored vessels. Wave overtopping might occur over some structures during 
very high water level conditions, however, it is considered likely that this will be in the form of wave 
breaking and so the onwards transmission of wave energy will be negligible.  Ship wash resulting from 
vessels moving in the harbour area has not been considered as part of this study but may be 
significant and should be addressed as part of the marina pontoon design. 
 
The modelling has therefore demonstrated that the shelter provided to the new marina development, 
by the Outer Breakwater and Shrape Breakwater Extension, satisfies the requirement for ‘good’ 
conditions within the marina, as defined by the Australian Marina Standard for oblique seas.  Although 
the floating breakwater pontoons around the new marina have not been included in the modelling, it 
is recommended that these are retained in the design to provide additional protection particularly 
from waves entering the harbour from the NW and disturbance due to ship wash.  
 
This assessment and the associated warranty is based on the present day bathymetry and layout of 
Cowes Harbour and its approaches, the proposed position and pontoon alignment of the new marina, 
and the assessed design of the Shrape Breakwater Extension and associated dredging works. Any 
significant changes to these factors, including the nature or position of structures within the harbour, 
may change the expected patterns of wave propagation and so void the conclusions of this study and 
the basis for the associated warranty. 
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This assessment supersedes all previous assessments. The information contained in this report is to be 
considered standalone to meet the requirements as supporting information to the warranty. No other 
previous information applies. 
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7 Abbreviations/Acronyms 
AWAC Acoustic Wave And Current meter 
BW Boussinesq Wave (model)  
CCO Channel Coastal Observatory 
CD Chart Datum 
CHC Cowes Harbour Commission 
CFSR Climate Forecast System Reanalysis  
DHI Danish Hydraulic Institute 
EVA Extreme Value Analysis 
HAT Highest Astronomical Tide 
Hs  Significant wave height 
MD The ‘Marina Dredge’ dredging area 
MHWS Mean High Water Springs 
NCAR National Center for Atmospheric Research 
NCEP National Centers for Environmental Prediction 
OSGB Ordnance Survey of Great Britain 
QQ Quantile-Quantile (plot) 
SLR Sea Level Rise 
SW Spectral Wave (model) 
Tp Spectral peak wave period 
Tz Zero-crossing wave period 
UK United Kingdom 
UTM Universal Transverse Mercator (projection) 
 
 
Cardinal points/directions are used unless otherwise stated. 
 
SI units are used unless otherwise stated. 
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