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Disclaimer: 
 
▪ Any 'Draft' issue of this report, and any information contained therein, may be subject to updates and clarifications 

on the basis of any review comments before 'Final' issue.  All content should therefore be considered provisional, 
and should not be disclosed to third parties without seeking prior clarification from ABP Marine Environmental 
Research Ltd ("ABPmer") of the suitability of the information for the intended disclosure and should not be relied 
upon by the addressee or any other person. 

 
▪ Unless previously agreed between the addressee and ABPmer, in writing, the 'Final' issue of this report can be 

relied on by the addressee only.  ABPmer accepts no liability for the use by or reliance on this report or any of the 
results or methods presented in this report by any party that is not the addressee of the report.  In the event the 
addressee discloses the report to any third party, the addressee shall make such third party aware that ABPmer 
shall not be liable to such third party in relation to the contents of the report and shall indemnify ABPmer in the 
event that ABPmer suffers any loss or damage as a result of the addressee failing to make such third party so 
aware. 

 
▪ Sections of this report rely on data supplied by or drawn from third party sources.  Unless previously agreed 

between the addressee and ABPmer, in writing, ABPmer accepts no liability for loss or damage suffered by the 
addressee or any third party as a result of any reliance on third party data contained in the report or on any 
conclusions drawn by ABPmer which are based on such third party data. 
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1. Introduction 

 
Following the partial construction of the Cowes Outer Breakwater, ABP Marine Environmental 
Research Ltd (ABPmer) has been commissioned by Cowes Harbour Commission (CHC) to 
develop an updated, robust numerical simulation tool (tidal model) for Cowes. Once completed, 
the new model will enable validation of the post breakwater construction baseline conditions 
and will be used to enable enhanced consideration of various design options for development 
of the harbour layout and infrastructure with respect to effects on patterns of currents and 
sedimentation. The model will also be used to investigate changes in the hydrodynamic regime 
of the Solent (potentially affecting currents at Cowes) over the period 2005 to 2014. 
 
The construction and performance details of the regional and local aspects of the new suite of 
models (hereafter ‘the new model’ or ‘the model’) are reported in:  
 
▪ English Channel Regional Hydrodynamic Model Calibration (ABPmer, 2016a); 
▪ Cowes Local Hydrodynamic Model Calibration (this report), and; 
▪ Cowes Local Model Sediment Transport Model Calibration and Validation (ABPmer, 

2016b). 
 
This report covers the calibration and validation of the model at a local scale (within the 
immediate area of Cowes) and builds on the information provided in the regional calibration 
report of the same model (ABPmer, 2016a). 
 
To facilitate model calibration and validation, modelled water levels and currents are compared 
to observed data at multiple locations within the Solent and Cowes Harbour. 
 
This report aims to demonstrate the ability of the model to accurately represent the 
hydrodynamics in and around the Cowes Harbour area, for the purposes of supporting new 
developments. 
 
This model has been developed in conjunction with recommendations and comments provided 
by Atkins and TechnoEconomica Ltd.  The updated format and data sources used to create the 
model help to overcome potential limitations of previously developed local scale models of 
Cowes by: 
 
i. Using the latest version of the numerical software (Section 2.1). Previously, other 

models were also developed using the current software version at the time, however, 
these have since been superseded. The numerical software has benefited from 
continual development and improvement including utilisation of the latest computer 
hardware and more sophisticated mesh structures; 
 

ii. The new model is built using an ‘unstructured’ or ‘flexible’ mesh (a set of interlocking 
triangles with varying size) which allows better control of local model grid alignment 
and spatial resolution in this case than previously used ‘rectilinear’ meshes; 
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iii. The new model has a relatively large overall extent (including parts of the North Sea 

and all of the English Channel), which is required to more accurately simulate a wider 
range of tidal conditions within the area of interest at the local model scale. 
 

iv. The description of bathymetry (water depth) throughout the new model includes many 
more recently collected and updated data sets.  The data used are thereby more 
representative of the present day conditions and are typically of better spatial 
resolution and accuracy than was previously available; 
 

v. The new model contains an updated description of the coastline position and seabed 
bathymetry and in addition includes the various development works since 2004 in the 
area (e.g. new marina infrastructure for example Venture Quays, dredging works and 
(optionally) the various construction stages of the Cowes Outer Harbour Breakwater); 
 

vi. The new model provides an enhanced description of Cowes Harbour that might be 
used in support of the proposed East Cowes Development; 
 

vii. The new model utilises tidal harmonic constituents to define its boundaries and so can 
be run for any period in time. The boundary conditions used are detailed in Section 2.3.  
Previous models were somewhat restricted to simulating particular periods of time for 
which locally measured water levels and current data were available. The new model is 
therefore capable of providing comparative simulations of past, present and future tidal 
conditions (in conjunction with the present day bathymetry and coastline position).  

 
The calibration of sediment transport predictions, informed by the hydrodynamic model results, 
is reported separately. 
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2. Model Configuration 

 
2.1 Software 

 
The model is built using the hydrodynamic module of DHI MIKE 21. This state of the art 
software package allows for the simulation of currents and water levels in complex coastal and 
estuarine environments. The software is under continuous development by DHI, with updates 
routinely released. This model has been developed using the latest version of the software at 
the time of writing (Release 2014, Service Pack 3). The following sections describe the 
configuration and data inputs to the model. 
 

2.2 Model Mesh 
 
The regional scale model, containing a detailed local description at Cowes, is represented by a 
single model domain, constructed using a flexible mesh. 
 

2.2.1 Regional Scale 
 
The regional scale model mesh extent is shown in Figure 1. The model domain includes the 
English Channel and the southern extent of the North Sea. The model is bounded by land on 
its western extent by the UK and on its eastern extent by France, Belgium, Netherlands, 
Germany and Denmark. There are open sea boundaries in the North Sea and at the western 
end of the English Channel. 
 
The model extent includes a relatively large area with respect to tidal processes and so is 
termed a ‘regional scale’ model. Regional scale tidal models simulate the larger, regional scale 
tidal processes that causes and control more complex local tidal behaviour. The accuracy and 
resolution of boundary condition data at regional scales (based on analysis of satellite altimetry 
data) has improved in the last decade.  
 
In comparison, models previously used at Cowes were ‘local scale’ models, and were much 
smaller in extent, namely, the approaches to Cowes Harbour.  As such, the local model 
required less input data during construction in terms of coastlines and bathymetry.  However, 
the application of the local model is also typically restricted by the duration and quality of the 
data that are available to inform the model boundaries and calibration. Such data either need to 
be informed by locally observed data, or by output from other regional scale models. 
 
Tidal behaviour (the relative timing and magnitude of tidal variance in water levels and 
currents) in the central English Channel and Solent region is primarily controlled by the shape 
of the English Channel basin, interacting with the tidal wave propagating from the Atlantic. 
There is also significant interaction at the Dover Straits between the tidal waves in the English 
Channel and in the southern North Sea. The latter is in turn affected by other tidal processes in 
the central and northern North Sea. The relatively large model extent used is required to more 
accurately develop the details of tidal behaviour in area of interest, and to enable simulation of 
a wide range of timescales and therefore possible tidal behaviours. 
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Figure 1.  Regional scale model extent 
 
The model mesh resolution varies across the domain. The lowest resolution, ~8,250 m, is used 
in the North Sea, increasing to 5,000 m in the English Channel. The resolution increases 
gradually to a maximum resolution of 9 m in Cowes Harbour, as shown in Figure 2. 
Intermediate levels of resolution inside the Solent are between ~150 and ~50 m to resolve local 
current patterns and hydrodynamic features that are potentially important to processes in 
Cowes Harbour. 
 
Please refer to the regional calibration report of the same model (ABPmer, 2016a) for further 
details of: 
 
▪ The model mesh and location of open boundaries; 
▪ The model mesh resolution; and 
▪ The model bathymetry. 
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Figure 2.  Local area model mesh resolution – Detail: Cowes Harbour and 

Approaches 
 

2.2.2 Local Scale 
 
The new model is built using a ‘flexible’ mesh as a single domain covering the regional and 
local scale requirements. The mesh is in the form of a set of interlocking triangles with varying 
size which allows better control of local model grid alignment and resolution. 
 
The high resolution areas of the local model are shown in Figure 2.  The southern extents of 
the local model include the Medina River to its tidal limits at Newport (not shown in the figure). 
 

2.3 Open Boundary Conditions 
 
At the two open sea boundaries, the locations of which are shown in Figure 1, the model is 
driven by a spatially varying time series of water levels. The boundary data are obtained from 
the global tidal constituent model DTU10 (Andersen and Knudsen, 2009). Data were extracted 
at multiple positions along each boundary, at a temporal resolution of 15 minutes, to provide a 
continuous description of tidally varying water levels. Consistent with the model mesh, the 
vertical datum of the boundary information is also mean sea level.  
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The river discharge at the southern end of the Medina River has been included in the model as 
a time series discharge based on data provided by the Environment Agency.  Subsequent 
model scenario testing will use the median river discharge rate (Q50 = 0.28 m³/s) to remove any 
time dependence variability for scheme assessment.  The choice of discharge conditions for 
the calibration period is discussed in Section 2.3.1. 
 
The Itchen and Test are the largest rivers discharging into Southampton Water (and the 
Solent), with a combined average winter discharge rate of 30 m³/s (ABPmer, 2012). All other 
rivers discharging into the Solent (e.g. Hamble, Beaulieu) make relatively much smaller local 
contributions, similar in magnitude to that of the Medina River, but located much further away. 
Whilst the discharge of the Itchen and Test Rivers may result in (partial) stratification and 
related residual flow patterns within Southampton Water, it is considered that the individual and 
combined potential effect of rivers (other than the Medina) on patterns of currents in the wider 
Solent, and in Cowes Harbour, is negligible. 
 
Therefore, other than the Medina River, no additional sources of water volume, e.g. river 
discharge, are included in the present model setup.  
 

2.3.1 River Medina 
 
The River Medina is a tidally influenced drowned valley approximately 7 km in length from the 
tidal intrusion limit at Newport to Cowes Harbour where it enters the Solent.  The tidal limit at 
Newport is controlled by tributary river weirs. 
 
Discharge data for the River Medina are not directly available.  Data have been collected for 
the largest two of the head water tributaries (Shide and Lukely Brook) close to Newport, by 
gauges operated by the Environment Agency. The data are available through the National 
River Flow Archive (NRFA - http://nrfa.ceh.ac.uk/).  The NRFA records for these two main 
tributaries are summed to obtain a representative river discharge at Newport. 
 
The time series data provides daily averaged discharge rates (m³/s) for a 30 year period up to 
2014; data for 2014-2015 were not yet published at the time of writing.  The mean combined 
discharge is 0.43 m³/s and the combined median discharge Q50 = 0.28 m³/s. 
 

2.3.2 River Medina Discharge Sensitivity Testing 
 
The total median fresh water discharge per tide (high water to low water), represents only 
approximately 0.02% of the estuary tidal prism (tidal prism of 3.5 million m³). However due to 
the shallow depths and narrow width of the estuary near to the source, it is possible that tidal 
conditions local to Newport could be effected.  The extents of these effects were investigated to 
determine if the model calibration is influenced by the fresh water discharge. 
 
As river discharge data is not available for the model calibration period (see Section 3.4 for 
details of the choice of calibration period), and after examining the inter and intra annual 
variability in the signal for the previous four year period, as shown in Figure 3, it was decided 

http://nrfa.ceh.ac.uk/
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that an example time series from a similar time period in a recent year would be used as input 
for testing in the model.   
 
The period chosen was from 2012 as this record appeared to contain values which are 
representative of a mean whilst including some notable high river discharge events.  Over the 
equivalent model run period (19 November – 6 January 2012) the average discharge is 
1.45 m³/s, with a maximum of 4.66 m³/s occurring on the 23 December 2012.  The data period 
selected is considered to be broadly representative in a time series sense, and provides a 
reasonable indication of a broad range of typical and higher discharge conditions that might be 
experienced.  
 

 
Figure 3.  River Medina discharge rates for the winter period for years 2010 to 2013 
 
The modelled effect of the river discharge on tidal current speed within Cowes harbour and the 
Medina River is presented in Figure 4, for the calibration Spring tide on the 26 November 2014. 
On this date the river discharge rate was 1.34 m³/s. The maximum extent of change that the 
river discharge has on currents occurs at low water as illustrated in the image for high 
water -6 hrs.   
 
During this period there is an increase in current speeds of around 0.1 m/s from Newport to 
Island Harbour Marina, approximately 3 km downstream from Newport, an area which would 
have previously been ebbing at this time.  For reference, the southernmost current monitoring 
position (S4) of the 2005 Titan survey lies outside of this maximum extent.  
 
As the flooding tide progresses up the estuary, current speeds at the leading edge are reduced 
by around 0.1 m/s due to interaction with the opposing river flow as is illustrated in the image 
for high water-4 hrs (Figure 4). 
 
Two hours prior to high water the difference in current speed is restricted to an area close to 
Newport as is illustrated in the last image on Figure 4.  One hour prior to high water in Cowes 
Harbour, the flooding tide has reached Newport and the effect of the river discharge on the 
depth averaged model is less than 0.01 m/s. This difference is constant until the tide begins to 
ebb at Newport, approximately 5 hours after high water. 
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Figure 4.  Effect of 2012 River Medina discharge on model current speeds 
 
The results show that measurable effects of additional water discharge from the Medina River 
on tidal current patterns is limited to the upstream parts of the Medina River and only then 
during relatively low water conditions when the submerged cross-sectional area of the river is 
smaller. Measurable effects on the pattern or magnitude of tidal currents are not expected 
seaward of the Chain Ferry or in Cowes Harbour at any time. The influence of the Medina River 
discharge on the hydrodynamic model calibration at Cowes can therefore also be discounted.  
It is noted that the river discharge may carry sediment in suspension and so may be otherwise 
important for sediment transport considerations. 
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2.4 Bed Roughness 

 
Bed roughness in the model is a parameter used to quantify the friction exerted on moving 
water. Changing the magnitude of bed roughness locally affects the rate at which water moves 
through an area and so can affect water level range and phasing, and patterns (mainly the 
speed) of tidal currents. Applying patterns of spatially varying bed roughness within the model 
domain can produce a more complex effect. As such, bed roughness is a key calibration 
variable in the model that can be varied to optimise the results of the model in comparison to 
coincident measured data. 
 
In the marine environment, bed roughness naturally varies as a result of differences in seabed 
type. For example, rocky, gravelly, sandy or muddy seabed types can be expected to present 
varying amounts of friction; the additional presence of seabed features will further increase 
friction at the seabed.  
 
Implementation of the bed roughness within the MIKE model is described in the regional 
calibration report (ABPmer, 2016a), together with the strategy for defining and the process of 
developing the final roughness map. In summary, the map of local bed roughness values was 
developed based around maps of seabed or sediment type, but adjusted where necessary in 
the vicinity of the Isle of Wight to achieve the best calibration. 
 
The distribution of bed roughness within the Solent used in the model is also described in 
Section 3.2. 
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3. Model Hydrodynamics Calibration and Validation 

 
3.1 Calibration and Validation Strategy 

 
The regional and then local calibration efforts were aimed at improving three key hydrodynamic 
features which are known to be important to processes occurring in Cowes Harbour: 
 
▪ Overall tidal ranges and phasing; 
▪ The Young Flood Stand in the Solent, and; 
▪ The double high water at Cowes, Calshot and Dock Head (Southampton). 
 
The double high water observed during larger tides in the Solent is caused by the return of the 
tidal wave from the eastern end of the English Channel. The rate of propagation and the 
nominal centre of rotation of the tidal wave within the English Channel were adjusted by varying 
roughness in the central part of the Channel.  
 
The Young Flood Stand in the Solent is caused by the difference in time between the high 
water entering through the western Solent and the high water entering through the eastern 
Solent.  The double high water at Calshot and Dock Head are a result of tidal wave resonance 
inside Southampton Water and the River Test.  
 
The performance of the model was optimised by adjustment of water depth and bed 
roughness. 
 

3.2 Use of Bed Roughness as a Calibration Variable 
 
To optimise the model calibration significant changes to bed roughness were found to be 
necessary from that originally defined by seabed sediment type. The final roughness map for 
the local model area is presented in Figure 5. 
 
The roughness map implements an area of increased roughness equal to a Mannings M value 
of 25 m1/3s-1 in the vicinity of Gurnard Head, the headland to the west of Cowes. This has the 
effect reducing current speeds in Cowes Harbour shortly after low water, controlling the 
formation of an eddy north of the Outer Breakwater. This transient feature migrates westward 
with the tide as it changes.  Currents in the harbour are dependent on the location of this eddy 
and roughness was adjusted to control the rate at which the eddy formed and the path it took 
after formation. The final roughness map used controls the eddy though an increase in 
roughness in the harbour (+5 from the original roughness map) and a decrease outside 
(-5 from the original roughness map). 
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Figure 5.  Model bed roughness (Manning’s M) – The Central Solent 
 

3.3 Calibration and Validation Guidelines 
 
The hydrodynamic model performance was assessed against a set of performance metrics 
defined in an internal guidance note (ABPmer, 2011). These metrics provide a quantitative 
measure of the performance of the model for tidal phase and amplitude in relation to the 
equivalent observational record.  
 
The performance metrics used to assess the tidal model performance are set out below. 
However the unique tidal characteristics found within the Solent, the Young Flood Stand and 
double high water, are not easily described by these standard measures and need to be 
assessed qualitatively to ensure a satisfactory calibration is achieved. 
 
Water Level Calibration and Validation Metrics: 
 
▪ Mean surface elevation difference (high and low water level).  Calculated as the 

mean difference (bias) in water level at high and low Water (model minus observed 
value) through a spring neap cycle.  
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▪ Mean phase difference (at high and low Water).  Calculated as the mean magnitude 

of time difference at high and low Water between the model and observed data, over a 
spring neap cycle; 
 

▪ Surface elevation difference as a percentage of tidal range. The mean difference in 
surface elevation  is expressed as a percentage of the mean tidal range; 
 

Water Level Calibration and Validation Quality Thresholds:  
 
▪ For coastal sites mean level differences should be within ±0.1 m, while the 

percentage differences in peak levels should be within 10% of spring tidal ranges and 
15% of neap tidal ranges. Water level phasing at high and low water should be to 
within ±15 minutes. 
 

▪ For estuarine sites mean level differences should be within ±0.1 m at the mouth and 
±0.3 m at the head, while the percentage differences in peak levels should be within 
10% of spring tidal ranges and 15% of neap tidal ranges. Water level phasing at high 
and low water should be to within ±15 minutes at the mouth and to within ±25 minutes 
at the head.  

 
Current Speed Calibration and Validation Metrics: 
 
▪ Mean current speed difference (at peak flood and ebb). Calculated as the mean 

difference between the magnitudes at peak flood or ebb time of the tide. This is also 
calculated as a percentage value relative to the maximum observed speed; 
 

▪ Mean current direction difference (at peak flood and ebb).  Calculated as the mean 
of the difference in current direction recorded at times of peak flood or ebb period of 
the tide; 
 

▪ Mean current speed difference as a percentage of maximum observed speed (at 
peak flood and ebb). The mean difference between magnitudes at peak flood of ebb 
calculated as a percentage value relative to the maximum observed current speed. 

 
Current Speed Calibration and Validation Quality Thresholds:  
 
▪ Modelled speeds should be within ±0.2 m/s or ±10-20% of peak observed speeds, 

while modelled directions should be within ±20º of observed directions, and phasing 
within ±20 minutes.  

 
Some differences between the observations and model are expected, due to variation in how 
the data was captured (a discrete point in space and time, collected using particular 
instrumentation and possibly also analysed with particular methodologies or assumptions) and 
due to the potential effect of non-tidal influences (meteorological forcing), compared to the 
model result (tide only, depth and time averaged, potentially also spatially averaged if in a 
coarse region of the model mesh).  More noticeable differences can be tolerated where the 
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accuracy of observational data is questionable. Further discussion is provided within this report 
where such concerns arise. 
 

3.4 Calibration and Validation Data Sources 
 

3.4.1 Cowes Harbour Surveys of Water Levels, Current Speeds and Directions 
 
The primary calibration data for this local area is based on data collected through a 
hydrographic survey of Cowes Harbour conducted by ABPmer. The survey consisted of three 
fixed station Acoustic Waves and Currents (AWAC) deployments which recorded data from 
24 November to 1 December 2014 and two mobile ADCP transect surveys on the 25 and 
26 November 2014.  
 
This survey date corresponds to a period when the Cowes Outer Breakwater was partially 
completed, with the core material completed, but before the rock armour was placed during the 
summer of 2015.  The other features of the planned Cowes Harbour development including the 
Shrape Breakwater extension and associated dredging are also yet to be started. A 
comprehensive review of the survey methodology and results are presented in a supporting 
Survey Report document (ABPmer, 2016b). 
 
The general location of the three fixed AWAC stations, ADCP transects and transect data 
analysis sites are shown in Figure 6. 
 
The blue transect line shown in the figure (data sites 1 to 8) represents the mobile ADCP 
transect survey on the 25 November 2014 forming a circuit along the axis of the Outer and 
Inner fairway.  The red transect line (data Sites 9 to 23) represent the mobile ADCP transect 
survey on the 26 November 2014 partially aligned with the small craft channel.  The fixed 
AWAC stations are also shown in the figures as points: 
 
▪ X – Western Entrance; 
▪ Y – Eastern Entrance; and 
▪ Z - Middle. 
 
A time series of velocity measurements has been extracted from the survey data for a selected 
number of the ADCP transect sites. The sites selected were; Sites 12, 13 and 14 to describe 
currents entering through the new eastern entrance to the harbour; Sites 20, 23 and 1 to 
describe the currents in the fairway. 
 
Data from both the mobile ADCP and the fixed AWAC stations have been processed to provide 
depth averaged velocity and direction values.  The measured current speed and direction will 
vary throughout the water column due to natural variability (turbulence and eddies) and 
potentially also other coherent patterns of local deviation (e.g. due to topography), so an 
understanding of the data confidence limits needs to be considered in the use of the depth 
average values. It should also be noted that due to the normal practical limitations of this 
instrument type, observations very close to both the water surface and sea bed cannot be 
made.  
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Figure 6.  Location of AWAC and ADCP measurements 
 
The time series data for the three fixed AWAC Stations X, Y and Z are presented in Figure 7 to 
Figure 12. The corresponding data for the selected ADCP Sites 12, 13, 14, 20, 23 and 1 are 
shown in Figure 13 to Figure 18.  The data is presented together with a confidence range, 
shown as a grey shaded area.  This shaded area represents the data limits of values included 
within the depth average value. 
 
The confidence limits of the AWAC data is expressed in Table 1, for the calibration spring and 
neap tides.  The upper portion of the table details the water depth at the measurement site and 
the percentage of this water depth recorded around the period of high and low water.  The 
lower portion of the table details the variability in the depth averaged current speed value for 
peak ebb and peak flood tidal currents.  For example, at the eastern entrance, between 80% 
and 90% of the water column has been recorded and the current speed through the depth 
varies between -21% to +17% of the depth average value of 0.6 m/s for the peak flood tide. 
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Table 1.  Confidence limits of the AWAC (fixed station) measurements for the 

calibration spring tide 
 

Location Percentage of the Water Column Captured within the Recorded Data 
Mean Depth of Water (m) High Water Springs (%) Low Water Springs (%) 

Eastern Entrance 9.3 80-90 70-80 
Western Entrance 6.0 80-90 65-75 
Middle 5.1 75-85 60-70 

Location 
Variability in Measured Current Speed With Depth 

Relative to the Depth Averaged Measured Current Speed 
Peak Flood Speed  

(m/s) 
Peak Flood Speed 

Variability Range (%) 
Peak Ebb Speed  

(m/s) 
Peak Ebb Speed 

Variability Range (%) 
Eastern Entrance 0.6 -21 to +17 0.8 -17 to +15 
Western Entrance 1.0 -11 to +9 1.4 -15 to +9 
Middle 1.0 -27 to +21 0.6 -31 to +24 

 
The confidence limits of the mobile ADCP data are similarly expressed in Table 2, for the 
calibration spring tide. 
 
Further calibration and validation of water levels within the Solent are also presented from 
water level gauges at Cowes, Lymington, Dock Head, Calshot and Portsmouth. The data from 
Portsmouth are based on a harmonic re-prediction of the measured water levels at this location 
(thus excluding meteorological effects from the water level signal), and the data from Cowes, 
Lymington, Dock Head and Calshot are the measured water levels, including variations due to 
meteorological effects.  
 
Table 2.  Confidence limits of the mobile ADCP measurement sites for the 

calibration spring tide 
 

Location 
Percentage of the Water Column Captured within the Recorded Data 

Approximate Mean Depth of 
Water (m) High Water Springs (%) Low Water Springs (%) 

Site 1 7.4 78 64 
Site 12 5.2 67 33 
Site 13 5.3 67 50 
Site 14 5.8 71 33 
Site 20 7.3 77 60 
Site 23 6.7 75 60 

Location 
Variability in Measured Current Speed With Depth, 

Relative to the Depth Averaged Measured Current Speed 
Peak Flood Speed  

(m/s) 
Peak Flood Speed 

Variability Range (%) 
Peak Ebb Speed  

(m/s) 
Peak Ebb Speed 

Variability Range (%) 
Site 1 1.3 -21 to +16 0.8 -40 to +27 
Site 12 0.9 -10 to +25 0.6 -13 to +31 
Site 13 0.7 -9 to +6 0.6 -11 to +8 
Site 14 0.9 -2 to +2 0.6 -7 to +6 
Site 20 0.6 -1 to +17 0.2 -14 to +20 
Site 23 0.6 -11 to +14 0.6 -20 to +14 
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Tidal water levels at Cowes were collected using a dedicated gauge, located at Shepards 
Wharf, during the ADCP survey period (25 to 26 November 2014).  Comparison of this data 
with CHC’s tide gauge identified the CHC gauge to contain a small but significant error.  For 
this reason the longer time series CHC tide record has been rejected in favour of predicted 
values provided by TotalTide. 
 

3.4.2 Meteorological Conditions 
 
The general meteorological conditions during the calibration and validation periods are reported 
in the Cowes ADCP Survey report (ABPmer, 2015). Wind speed data, as recorded by the 
Bramble Met mast and at the Warsash Maritime Academy, are described in Section 4.   
 
Wind speeds were generally low, with average speeds of 5 m/s or less, from directions ranging 
from east to north, for the majority of the survey period. The exception to this was during the 
period 7 December 2014 to mid-December 2014 when periods of strong westerly winds were 
experienced. The wind speed was at its highest on 12 December 2014 with a peak of 30 knots 
(15.4 m/s); a maximum gust of 54 knots (28 m/s) was also recorded in this period. 
 
Of note during the survey period was the variability in sea level pressure as recorded at 
Warsash, ranging from 994 mb (millibars) on 12 December 2014 to a maximum pressure of 
1036 mb on 29 December 2014.  The record shows considerable variability, often with changes 
of ±15-20 mb over periods of less than 24 hrs, for example in the period from 26 to 
29 December 2014. 
 
Analysis of the measured tide levels, current speeds and directions show some anomalies.  On 
the 10 December 2014 it was noted that the tide appeared to be enhanced by approximately 
0.5 m relative to the adjacent tides with no corresponding evidence in the Warsash 
meteorological data to explain this phenomenon. The sharp drop in pressure measured on the 
12 December 2014 at Warsash at 06:30 resulted in the low water at 07:50 being raised by 
0.2 m.  This corresponded with strong winds at the time, which resulted in possible current 
speed increase of 0.05 m/s at Location X and 0.1 m/s at Location Y. There was no apparent 
effect on the direction of the currents for the same period. These anomalies indicate that tidal 
levels can be influenced to some extent by meteorological effects at local and regional scales.   
 
However, locally observed changes in meteorological conditions do not always consistently 
lead to significant effects on the recorded current speeds and directions at Locations X, Y 
and Z. 
 

3.5 Calibration Results 
 
The following section describes the local performance of the model following calibration, within 
the calibration data period. Modelled and observed data are compared over half a spring-neap 
cycle from 25 November 2014 to 1 December 2014 (approximately six days). The 
representative spring range tide during this period has a slightly larger range than mean 
springs at this site (as defined by the Admiralty tidal statistics for these sites), and the 
representative neap range tide also has a larger than mean neap range for this site.  
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The model was calibrated primarily by selective adjustment of the bed roughness map, as 
described in Section 3.2. Calibration was performed by making iterative adjustments to 
optimise the model setup with the aim of reproducing the coincident measured data (primarily 
tidal current speeds and directions) as closely as possible, particularly in the region of Cowes 
Harbour. The calibration period was chosen to match the best available data describing the 
tidal currents at Cowes, the survey on the 25 and 26 of November 2014 on a spring tide, and 
extends from the spring to the neap tide or one half of the full tidal cycle. This period 
corresponds to the extents of the AWAC data collection for Point Z, in the middle of the 
harbour.  The validation period is longer and covers a full spring neap cycle (approximately 
15 days) during which observations are compared only at the Western Entrance (X) and 
Eastern Entrance (Y) sites. 
 
To provide a quantitative assessment of the model performance, a statistical analysis based on 
observed and modelled currents and water levels was undertaken using the metrics outlined in 
Section 3.3, the results are presented in Table 3 to Table 8  and compared to the specified 
calibration standard. The data shows that the model meets or exceeds the guidelines for high 
water level difference in many cases with water levels consistently within 0.26 m of 
observations.  The model tends to predict high waters to be 0.5 to 1 hour early that at many 
sites, including Cowes.  These differences are caused by the shape of the tidal signal and the 
long periods of slack water that occur at high tide. A small variation in the location of the peak 
of the tide over this slack water can result in large differences in phase. 
 
Table 6 to Table 8 present the water level statistics specified in the calibration standard.  The 
data shows that the model meets or exceeds the guidelines for high water level difference in 
many cases with water levels consistently within 0.26 m of observations.  The model tends to 
predict high waters to be 0.5 to 1 hour early that at many sites, including Cowes.  These 
differences are caused by the shape of the tidal signal and the long periods of slack water that 
occur at high tide. A small variation in the location of the peak of the tide over this slack water 
can result in large differences in phase. 
 
Positive values indicate that current speeds or water levels in the model are higher, or times 
are later, than those observed and vice versa. 
 
The calibration statistics are based on analysis of the following time periods: 
 
▪ Half spring-neap cycle – 25/11/14 00:22 to 01/12/14 06:46 (6.3 days, typically 

providing 13 high water peaks for comparison, subject to data gaps); 
 

▪ Representative spring tides – 25/11/14 06:33 to 27/11/14 18:55 (using four tides for 
comparison) and 
 

▪ Representative neap tides – 29/11/14 10:34 to 01/11/14 23:08 (using four tides for 
comparison). 
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The majority of the individual site metrics meet the calibration guidelines, as presented in 
Section 3.3.  
 
Performance within the Solent (at Cowes, Calshot, Portsmouth, Dock Head and Lymington) is 
assessed against total observed water levels (i.e. including non-tidal influences) that will 
appear to reduce model accuracy.  
 
In terms of the calibration metrics and visual comparison of current speeds and direction 
throughout the tidal cycle, the best level of calibration was obtained at the site inside Cowes 
Harbour. The dynamic processes occurring outside the harbour are captured better on spring 
tides. 
 
As previously noted, the statistics can only provide a guide to the quality of the model 
calibration for the unique tidal signature at Cowes and within the Solent area.  Overall tidal 
ranges and phasing are visually well matched but statistical identification of these features are 
problematic.  The Young Flood Stand and the double high water are well represented by the 
model but are not statistically quantified. 
 

3.5.1 Current Speeds and Directions 
 
Table 3 to Table 5 show that the model calibrates with observations at most sites over most 
stages of the tide with currents consistently within 0.2 m/s of the observations. The model tends 
to predict currents as higher than observed and with peak flood and ebbs occurring earlier.  
 
Table 3.  Current speed, direction and phase calibration statistics during a 

representative half spring-neap cycle 
 

Location 
Mean Difference in  
Peak Speed of Ebb 

Mean Difference in  
Peak Speed of Flood 

(m/s) (% of Peak  
Observed Speed) (m/s) (% of Peak  

Observed Speed) 
Eastern Entrance 0.11 12.26 0.01 2.26 
Western Entrance 0.02 1.49 0.05 3.18 
Middle 0.16 23.31 -0.09 3.18 

Location 
Mean Difference in Direction  

at Peak Speed Mean Phase Difference 
Ebb  

(Degrees) 
Flood  

(Degrees) 
Ebb  

(Minutes) 
Flood  

(Minutes) 
Eastern Entrance 2.50 4.25 6.25 -42.27 
Western Entrance -4.54 -3.45 -8.57 -10.00 
Middle 8.13 -6.87 -10.91 -25.91 
* Entries that exceed the guideline values are highlighted. Positive values in red (current speeds in the model are higher, or directions 

are veered (clockwise), relative to those observed) and negative values in blue (vice versa). 
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Table 4.  Current speed, direction and phase calibration statistics during a 

representative spring tide 
 

Location 
Mean Difference in  
Peak Speed of Ebb 

Mean Difference in  
Peak Speed of Flood 

(m/s) (% of Peak  
Observed Speed) (m/s) (% of Peak  

Observed Speed) 
Eastern Entrance 0.12 14.47 0.00 -0.36 
Western Entrance -0.09 -12.26 0.00 -0.12 
Middle 0.15 22.12 -0.19 -17.44 

Location 
Mean Difference in Direction  

at Peak Speed Mean Phase Difference 
Ebb  

(Degrees) 
Flood  

(Degrees) 
Ebb  

(Minutes) 
Flood  

(Minutes) 
Eastern Entrance 4.33 8.23 3.75 -41.25 
Western Entrance -2.20 -2.79 -0.23 -0.22 
Middle 1.31 -3.32 -22.50 -26.25 
* Entries that exceed the guideline values are highlighted. Positive values in red (current speeds in the model are higher, or directions 

are eered (clockwise), relative to those observed) and negative values in blue (vice versa). 

 
Table 5.  Current speed, direction and phase calibration statistics during a 

representative neap tide 
 

Location 
Mean Difference in  
Peak Speed of Ebb 

Mean Difference in  
Peak Speed of Flood 

(m/s) (% of Peak  
Observed Speed) (m/s) (% of Peak  

Observed Speed) 
Eastern Entrance -0.02 -3.09 0.15 24.86 
Western Entrance -0.08 -12.31 0.12 10.50 
Middle 0.19 36.17 -0.01 -1.28 

Location 
Mean Difference in Direction  

at Peak Speed Mean Phase Difference 
Ebb  

(Degrees) 
Flood  

(Degrees) 
Ebb  

(Minutes) 
Flood  

(Minutes) 
Eastern Entrance 8.17 3.04 -33.75 0.00 
Western Entrance -0.24 -0.22 -2.13 -6.87 
Middle 0.28 0.29 11.80 -9.58 
* Entries that exceed the guideline values are highlighted. Positive values in red (current speeds in the model are higher, or directions 

are veered (clockwise), relative to those observed) and negative values in blue (vice versa). 

 
Figure 7 to Figure 12 present a visual comparison of current speeds and directions at the three 
fixed ADCP locations. The three spring current speed and direction plots (Figure 8, Figure 10 
and Figure 12) include an indication of the variability in the depth average value as compared 
to the individual speeds within the velocity depth profile.  
 
The plots indicate that the model reproduces the key features of the tidal currents at these 
locations, with the following notable features and exceptions: 
 
▪ The overall asymmetrical tidal signature is repeated well on neap tides and very well 

on spring tides, which will be important issue for sediment transport. The tide currents 
to the west for significantly longer than to the east outside of the new breakwater; 
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▪ The double peak in current speeds associated with the Young Flood Stand is 

demonstrated at both the Western and Eastern Entrances; 
 

▪ The model slightly over-predicts current speeds (<0.2 m/s) in the period between the 
end of the Young Flood Stand and the end of the high water during neap tides (only) at 
the Eastern Entrance Location (Y). The tide turns westward and increases in speed too 
early, by approximately 20 minutes, at this location as compared to the depth average 
survey values. The model results closely follow the upper bound of the uncertainly 
limits for this period of the tide; 
 

▪ The model over-predicts current speeds at high water during neap tides (only) at the 
Western Entrance Location (X); 
 

▪ The model under-predicts the current speed just before high water at the Middle 
Location (Z) just before high water; 
 

▪ The model over-predicts the current speed during the period of slack water just before 
low water at the Middle Location (Z), and; 
 

▪ The model can reproduce well the tidal signature for a number of tidal cycles in the 
sequence as is particularly evident at the Western and Middle sites. Other adjacent 
tidal cycles in the sequence are then less well reproduced. This discrepancy in 
performance may be due to weather effects and particularly barometric influences on 
the tide.  

 
Differences between the time series’ of modelled and observed water level and current speed 
data have been compared to the pattern of local wind speed as recorded at the Bramble Bank 
met mast, but no correlation could be identified. Correlation of differences with potential 
barometric influences is more problematic and would require a domain wide simulation of 
spatially and temporally varying barometric (and wind) influence, which is outside the scope of 
this study.  The potential for local winds to cause wind-blown surface currents is discussed in 
more detail in Section 4. 
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Figure 7. Western Entrance current speed and direction calibration (Position X) 

 

 
Figure 8. Western Entrance current speed and direction calibration – Single spring 

and neap tides (Position X) 
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Figure 9. Eastern Entrance current speed and direction calibration (Position Y) 
 

 
Figure 10. Eastern Entrance current speed and direction calibration – Single spring 

and neap tides (Position Y) 
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Figure 11. Middle current speed and direction calibration (Position Z) 
 

 
Figure 12. Middle current speed and direction calibration – Single spring and neap 

tides (Position Z) 
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Figure 13 to Figure 15 present a comparison of current speeds and directions at the three 
selected ADCP transit Sites 12 to 14, located in the new eastern entrance to the harbour.  The 
plots demonstrate that the model reproduces well the current speeds entering the harbour 
through this entrance, as captured by the transect survey.  The current directions recorded at 
this site show a high degree of variability, possibly an indicator of turbulence or larger-scale 
eddy formation.  Differences in current direction are most evident at transect Site 14, where the 
model predicts currents to the WSW, and the recorded directions are, on average, to the WNW. 
 

 
Figure 13. Transect Site 12 current speed and direction calibration 
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Figure 14. Transect Site 13 current speed and direction calibration 
 

 
Figure 15. Transect Site 14 current speed and direction calibration 
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Currents within the harbour area, in the middle of the fairway, are shown in Figure 16 (adjacent 
to Town Quay) and Figure 17 (adjacent to the Island Sailing Club). Figure 18 shows transect 
site 1, at the southern end of the Outer Fairway.  Again the model is shown to reproduce well 
both current speed and direction for the majority of the tidal cycle, with some under prediction 
of current speed around high water at site 20 due to discrepancy in tidal phase. 
 

 
Figure 16. Transect Site 20 current speed and direction calibration 
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Figure 17. Transect Site 23 current speed and direction calibration 
 

 
Figure 18. Transect Site 1 current speed and direction calibration 
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Figure 19 to Figure 31 show model current vectors (black arrows), at hourly intervals, together 
with measured current vectors (red arrows) for the three fixed velocity measurements Site (X, Y 
and Z) and the six transect velocity measurement Sites (1, 12, 13, 14, 20 and 23).  The 
measurement sites are as previously shown in Figure 6 but sites X and Y are only visible in the 
extents shown in the upper image.  These figures show that the model is capable of 
reproducing the spatial patterns in current accurately during a representative spring period. In 
particular, the current patterns around high water to the south of the new breakwater are well 
represented, as is the location of the split in current direction at Town Quay. The measured 
data shows a distinct convergence of current direction in the gap between the Shrape 
Breakwater and the new breakwater, which is not fully reproduced by the model. This 
convergence in current directions may be due to turbulence in this area of faster current speed. 
The sequence highlights a circulation offshore of the new breakwater which begins 2 hours 
prior to high water and migrates west over the subsequent 2 hours. 
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Figure 19.  Modelled current vectors (black), and measured current vectors (red) at 

6 hours before high water 
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Figure 20.  Modelled current vectors (black), and measured current vectors (red) at 

5 hours before high water 
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Figure 21.  Modelled current vectors (black), and measured current vectors (red) at 

4 hours before high water 
 



 

Cowes 
Local Hydrodynamic Model Calibration 

 

 

R/4327/1 42 R.2517 
 

 

 
Figure 22.  Modelled current vectors (black), and measured current vectors (red) at 

3 hours before high water 
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Figure 23.  Modelled current vectors (black), and measured current vectors (red) at 

2 hours before high water 
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Figure 24.  Modelled current vectors (black), and measured current vectors (red) at 

1 hour before high water 
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Figure 25.  Modelled current vectors (black), and measured current vectors (red) at 

high water 
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Figure 26.  Modelled current vectors (black), and measured current vectors (red) at 

1 hour after high water 
 



 

Cowes 
Local Hydrodynamic Model Calibration 

 

 

R/4327/1 47 R.2517 
 

 

 
Figure 27.  Modelled current vectors (black), and measured current vectors (red) at 

2 hours after high water 
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Figure 28.  Modelled current vectors (black), and measured current vectors (red) at 

3 hours after high water 
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Figure 29.  Modelled current vectors (black), and measured current vectors (red) at 

4 hours after high water 
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Figure 30.  Modelled current vectors (black), and measured current vectors (red) at 

5 hours after high water 
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Figure 31.  Modelled current vectors (black), and measured current vectors (red) at 

6 hours after high water 
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3.5.2 Water Levels 

 
Table 6 to Table 8 present the water level statistics specified in the calibration standard.  The 
data shows that the model meets or exceeds the guidelines for high water level difference in 
many cases with water levels consistently within 0.26 m of observations.  The model tends to 
predict high waters to be 0.5 to 1 hour early at many sites, including Cowes.  These differences 
are caused by the shape of the tidal signal and the long periods of slack water that occur at 
high tide. A small variation in the location of the peak of the tide over this slack water can result 
in large differences in phase. 
 
Table 6.  Water level calibration statistics for a spring neap period 
 

Location 
Mean High Water Level 

Difference 
Mean Low Water Level 

Difference Mean Phase Difference 

(m) (% of Range) (m) (% of Range) High Water 
(Minutes) 

Low  Water 
(Minutes) 

Calshot -0.03 -1.1 -0.24 -7.6 -41 -8 
Portsmouth -0.01 -0.2 -0.22 -6.5 -29 -13 
Dock Head 0.05 1.6 -0.26 -8.0 -58 -6 
Lymington 0.13 6.2 -0.03 -1.3 -40 -11 
Cowes 0.00 0.0 -0.26 -8.9 -44 -13 
Entries that exceed the guideline values are highlighted. Positive values in red (water levels in the model are higher, or times are later, than 
those observed) and negative values in blue (vice versa). 

 
Table 7.  Water level calibration statistics for a spring period 
 

Location 
Mean High Water Level 

Difference 
Mean Low Water Level 

Difference Mean Phase Difference 

(m) (% of Range) (m) (% of Range) High Water 
(Minutes) 

Low  Water 
(Minutes) 

Calshot 0.02 0.69 -0.20 -5.86 -66.33 2.84 
Portsmouth -0.06 -1.51 -0.18 -4.87 -48.16 -10.27 
Dock Head 0.14 3.75 -0.23 -6.22 -62.64 3.80 
Lymington 0.19 7.70 0.03 1.27 -59.13 -15.52 
Cowes -0.01 -0.25 -0.20 -5.95 -57.32 -3.55 
Entries that exceed the guideline values are highlighted. Positive values in red (water levels in the model are higher, or times are later, than 
those observed) and negative values in blue (vice versa). 

 
Table 8.  Water level calibration statistics for a neap period 
 

Location 
Mean High Water Level 

Difference 
Mean Low Water Level 

Difference Mean Phase Difference 

(m) (% of Range) (m) (% of Range) High Water 
(Minutes) 

Low  Water 
(Minutes) 

Calshot -0.05 -1.8 -0.22 -8.5 -11 -10 
Portsmouth 0.03 0.9 -0.21 -7.9 -22 -3 
Dock Head 0.03 1.0 -0.24 -8.9 -21 -8 
Lymington 0.09 5.4 -0.09 -5.1 -44 -10 
Cowes -0.03 -1.1 -0.24 -10.2 -29 -20 
Entries that exceed the guideline values are highlighted. Positive values in red (water levels in the model are higher, or times are later, than 
those observed) and negative values in blue (vice versa). 
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A graphical representation of the calibration water level data comparison is provided in 
Figure 32 to Figure 36 for Cowes and the other local Solent tide gauge locations.  Overall the 
tidal ranges and phasing are reproduced well including the complex shapes and forms unique 
to the Solent. 
 
The Young Flood Stand is replicated well at Cowes, Calshot and Dock Head. The initial 
increase in water level at Portsmouth (from the South East) is captured well. The second 
increase in levels occurs at slower rate than the observed data, particularly over spring tides.   
 
The double high water at Cowes, Calshot, Lymington and Dock Head are reproduced well on 
the majority of tides. The double high water which occurs inside Southampton Water is 
generally lower and more exaggerated in the model. This process is local to Southampton 
Water and it is anticipated that this will not affect the hydrodynamics outside Southampton 
Water. 
 

 
Figure 32. Cowes water level calibration 
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Figure 33.  Lymington water level calibration 
 

 
Figure 34.  Portsmouth water level calibration 
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Figure 35.  Dock Head water level calibration 
 

 
Figure 36.  Calshot water level calibration 
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3.6 Validation Results 

 
Having iteratively adjusted and optimised the model performance by comparison to the 
calibration data set, the reliability of the model to reproduce an alternative set of validation 
conditions is then assessed.  No further adjustment of the model parameters is made during 
this validation process. 
 
The calibration data period was selected to fully utilise the best available survey data and 
included approximately one half of a spring neap tidal cycle.  This period matched the duration 
of the data collection period at point Z, the middle of the harbour.  An alternative data set for 
this position is unavailable, so without this restriction, the validation period selected uses a full 
spring neap cycle within the AWAC survey data period.  
 
▪ Spring-neap cycle – 10/12/14 13:09 to 25/12/14 18:47 (15.2 days, typically providing 

29 high water peaks for comparison, subject to data gaps); 
 

▪ Representative spring tides – 22/12/14 04:54 to 24/12/14 17:18 (using four tides for 
comparison); and 
 

▪ Representative neap tides – 14/12/14 22:45 to 17/12/14 11:21 (using four tides for 
comparison). 

 
3.6.1 Current Speeds and Directions 

 
Table 9 to Table 11 show that the level of quantitative calibration is consistent outside of the 
calibration period.  All validation current speeds are within 0.31 m/s of observations. Overall the 
validation statistics for the spring neap cycle are broadly similar or in some case better than the 
equivalent calibration statistics.  The validation on the spring tide produces a better match for 
ebb current speed but larger difference for the flood. This comparative improvement is reversed 
for the neap tide.  
 
Table 9.  Current speed, direction and phase validation statistics during a spring-

neap cycle 
 

Location 
Mean Difference in  
Peak Speed of Ebb 

Mean Difference in  
Peak Speed of Flood 

(m/s) (% of Peak  
Observed Speed) (m/s) (% of Peak  

Observed Speed) 
Eastern Entrance 0.12 15.22 -0.10 -13.96 
Western Entrance -0.07 -5.27 0.05 4.18 

Location 
Mean Difference in Direction  

at Peak Speed Mean Phase Difference 
Ebb  

(Degrees) 
Flood  

(Degrees) 
Ebb  

(Minutes) 
Flood  

(Minutes) 
Eastern Entrance 0.66 2.08 4.14 -16.61 
Western Entrance -2.25 -6.37 -13.57 -6.75 
Entries that exceed the guideline values are highlighted. Positive values in red (current speeds in the model are higher, or directions are 
veered (clockwise), relative to those observed) and negative values in blue (vice versa). 
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Table 10. Current speed, direction and phase validation statistics during a 

representative spring tide 
 

Location 
Mean Difference in  
Peak Speed of Ebb 

Mean Difference in  
Peak Speed of Flood 

(m/s) (% of Peak  
Observed Speed) (m/s) (% of Peak  

Observed Speed) 
Eastern Entrance 0.11 14.72 -0.11 -16.48 
Western Entrance -0.27 -27.65 0.12 9.08 

Location 
Mean Difference in Direction  

at Peak Speed Mean Phase Difference 
Ebb  

(Degrees) 
Flood  

(Degrees) 
Ebb  

(Minutes) 
Flood  

(Minutes) 
Eastern Entrance -1.05 2.22 3.75 -15.00 
Western Entrance 4.72 -0.59 -0.23 -0.22 
Entries that exceed the guideline values are highlighted. Positive values in red (current speeds in the model are higher, or directions are 
veered (clockwise), relative to those observed) and negative values in blue (vice versa). 

 
Table 11.  Current speed, direction and phase validation statistics during a 

representative neap tide 
 

Location 
Mean Difference in  
Peak Speed of Ebb 

Mean Difference in  
Peak Speed of Flood 

(m/s) (% of Peak  
Observed Speed) (m/s) (% of Peak  

Observed Speed) 
Eastern Entrance 0.08 16.71 -0.07 -13.62 
Western Entrance 0.01 1.44 -0.14 -20.25 

Location 
Mean Difference in Direction  

at Peak Speed Mean Phase Difference 
Ebb  

(Degrees) 
Flood  

(Degrees) 
Ebb  

(Minutes) 
Flood  

(Minutes) 
Eastern Entrance 2.53 2.66 22.50 -33.75 
Western Entrance -4.50 4.00 -3.75 -15.00 
Entries that exceed the guideline values are highlighted. Positive values in red (current speeds in the model are higher, or directions are 
veered (clockwise), relative to those observed) and negative values in blue (vice versa). 

 
Figure 37 to Figure 40 present a visual comparison of current speeds and directions at two 
fixed ADCP locations for a 15 day period, covering a neap, spring to neap cycle. The plots 
indicate that the model is consistent in its level of calibration outside of the chosen calibration 
period. The Eastern Entrance currents are over predicted at high water and during the flood. 
During neap tides the process which creates retarded Western Entrance currents before high 
water is not replicated completely by the model. The extent of available data at the Middle site 
was such that a validation of currents was not possible. 
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Figure 37.  Eastern Entrance current speed and direction validation (15 day period, 

covering a neap, spring, neap cycle) 
 

 
Figure 38.  Eastern Entrance current speed and direction validation – Single spring 

and neap tides 
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Figure 39.  Western Entrance current speed and direction validation (15 day period, 

covering a neap, spring, neap cycle) 
 

 
Figure 40.  Western Entrance current speed and direction validation – Single spring 

and neap tides 
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3.6.2 Water Levels 

 
Tables 11 to 13 present validation statistics for water levels. The statistics concur with the 
respective calibration statistics with water levels and are consistently within 0.25 m of 
observations.  Noting that the validation period is approximately twice as long as the calibration 
period, the validation shows a slightly poorer comparison of high water difference but a better 
comparison for low water difference and reproduction of tidal phase.  
 
Table 12.  Water level validation statistics for a 15 day spring neap period 
 

Location 
Mean High Water Level 

Difference 
Mean Low Water Level 

Difference Mean Phase Difference 

(m) (% of Range) (m) (% of Range) High Water 
(Minutes) 

Low  Water 
(Minutes) 

Calshot -0.15 -5.3 -0.05 -1.9 -19 1 
Portsmouth -0.11 -3.7 0.00 0.1 -26 0 
Dock Head -0.09 -3.0 -0.05 -1.7 -21 6 
Lymington -0.00 0.0 -0.01 -0.8 -16 -21 
Cowes -0.13 -5.0 -0.01 -0.4 -23 2 
Entries that exceed the guideline values are highlighted. Positive values in red (water levels in the model are higher, or times are later, than 
those observed) and negative values in blue (vice versa). 

 
Table 13.  Water level validation statistics for a spring period 
 

Location 
Mean High Water Level 

Difference 
Mean Low Water Level 

Difference Mean Phase Difference 

(m) (% of Range) (m) (% of Range) High Water 
(Minutes) 

Low  Water 
(Minutes) 

Calshot -0.11 -2.9 -0.08 -2.1 -38 -17 
Portsmouth -0.12 -2.9 0.02 0.5 -55 0 
Dock Head -0.04 -1.1 -0.08 -2.0 -25 5 
Lymington 0.15 5.8 0.08 3.0 -35 -25 
Cowes -0.04 -1.2 -0.03 -0.8 -48 -21 
Entries that exceed the guideline values are highlighted. Positive values in red (water levels in the model are higher, or times are later, than 
those observed) and negative values in blue (vice versa). 

 
Table 14.  Water level validation statistics for a neap period 
 

Location 
Mean High Water Level 

Difference 
Mean Low Water Level 

Difference Mean Phase Difference 

(m) (% of Range) (m) (% of Range) High Water 
(Minutes) 

Low  Water 
(Minutes) 

Calshot -0.23 -13.2 -0.08 -4.6 -16 13 
Portsmouth -0.08 -4.6 -0.03 -1.8 -23 -13 
Dock Head -0.21 -11.3 -0.08 -4.2 -16 15 
Lymington -0.07 -6.6 -0.04 -3.8 -9 -22 
Cowes -0.18 -10.5 0.02 1.0 11 23 
Entries that exceed the guideline values are highlighted. Positive values in red (water levels in the model are higher, or times are later, than 
those observed) and negative values in blue (vice versa). 
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Figure 41 to Figure 45 show water level comparisons for Cowes, Lymington, Portsmouth, Dock 
Head and Calshot. This demonstrates that the model can replicate observed water levels 
outside of the calibration period. The initial increase in water level, early in the flood tide, is 
captured well at all sites. The second increase in tidal levels (high water-3 to high water) occurs 
at a faster rate than observed, particularly over spring tides. This discrepancy is the same as 
was observed in the calibration period. 
 

 
Figure 41. Cowes water level validation 
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Figure 42.  Lymington water level validation 
 

 
Figure 43.  Portsmouth water level validation 
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Figure 44.  Dock Head water level validation 
 

 
Figure 45.  Calshot water level validation 
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3.7 Hydrodynamics Calibration Summary 

 
A tidal model has been created specifically to simulate the unique tidal conditions at Cowes 
using a model domain that includes a large part of the English Channel and North Sea.  The 
model performance at the regional scale has been calibrated and reported separately.  The 
model has been developed and calibrated with the aim of delivering enhanced and robust tidal 
water level and current conditions to Cowes Harbour and its immediate surroundings.  
 
The model uses the most up to date version of the MIKE by DHI modelling software and is built 
using a flexible mesh which allows better control of local model grid alignment and spatial 
resolution.  The model mesh is informed by a range of relatively recently collected or updated 
bathymetry data sets, which improves model performance and is representative of present day, 
2014, conditions. The model includes the partially constructed Outer Breakwater prior to the 
rock armour being placed in the summer of 2015. 
 
During calibration, the model was primarily found to be sensitive to the bed roughness 
parameter.  A roughness map was initially created that was a function of seabed type and 
water depth but further adjustments were ultimately also required to optimise the model 
calibration. Some of the changes that have been made to the roughness map cannot be 
directly attributed to known or actual variations in seabed type; however, the performance of 
the model has been measurably improved as a result.   
 
Depth averaged tidal current speed behaviour is reproduced well, both for the area within 
Cowes Harbour and its surrounds, providing a generally accurate description of tidal current 
speed, phase and asymmetry. Current speed comparisons between model and observed data 
show the model to reproduce currents to within 0.2 m/s of observations for the calibration 
period and within 0.3 m/s over the validation period. Model water levels are consistently within 
0.26 m of observations. 
 
The model slightly over-predicts current speeds (<0.2 m/s) in the period between the end of the 
Young Flood Stand and the end of the high water during neap tides (only) at the Eastern 
Entrance location (Y). The tide turns westward and increases in speed too early, by 
approximately 20 minutes, at this location as compared to the depth average survey values. 
The implications of this should be borne in mind when the results of this model are used to 
drive the later sediment transport modelling (ABPmer, 2016b). 
 
The phase differences between the model and observations are superficially consistently high 
when assessed quantitatively. This is due to the variation in the double high water and the 
absolute high water varying between the first and second peaks.  A qualitative assessment 
shows the phasing between modelled and observed data to be good. Model directions are 
generally within 10 degrees of observations.  Some differences between model and observed 
directions do occur and be may be explained by large rapidly changing variation in the 
observed data both temporally, spatially and through the water column associated with 
turbulence which cannot be reproduced in the model.  
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Much of the calibration effort was focused on controlling the local circulation patterns occurring 
outside Cowes Harbour which evolves and migrates during the course of each tide.  The model 
presented resolves this process well over spring tides. The model also captures the feature 
over neap tides but with reduced spatial precision with regards to the migration of the 
circulation westwards prior to high water.   
 
The local scale calibration and validation information presented in this report demonstrates that 
the newly developed hydrodynamic model is suitable to provide a basis for enhancing the 
accuracy, scope and flexibility of future investigations of hydrodynamic processes in and 
around Cowes Harbour. 
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4. Assessment of Local Wind Conditions on Water Surface Currents 

 
The aims of the wind assessment are: 
 
▪ To determine if the local wind conditions recorded during the calibration and validation 

period are significantly affecting the model calibration and validation results; and 
 

▪ To understand the sensitivity of tidal current predictions to the influence of the local 
wind conditions, in order to determine if a ‘worst case’ (in terms of navigational risk) 
wind speed scenario(s) should be included in the scheme testing program. 

 
It is understood, as noted in Section 3.4.2, that tidal levels can be influenced by both local 
conditions and regional scale weather patterns.  These potential changes in predicted tidal 
levels will have a corresponding effect on the tidal currents at all depths.  Full simulation and 
prediction of tidal surge as a result of unique sequences of weather patterns would require a 
domain wide simulation of spatially and temporally varying barometric and wind influence, 
which is outside the scope of this study. 
 
The assessment was undertaken in two stages. Firstly, the model calibration baseline results 
(which do not include wind in the simulation) are compared to the recorded wind speed for the 
calibration period for a possible correlation in model deviation from the calibration observational 
data. Sensitivity testing of the model was then undertaken to determine the effects of locally 
applied surface wind.  
 

4.1 Wind Climate at Cowes 
 

4.1.1 Bramble Bank and Calshot Anemometers 
 
Measured weather data for a position roughly 3 km north of Cowes is freely available from 
Bramblemet (http://www.bramblemet.co.uk) website.  The data are mainly recorded at Bramble 
Bank, approximately 3 km north of Cowes (approx. 50° 47'. 41N, 1° 17'.15W referred to 
WGS84), but have been automatically supplemented on some occasions in the past, when the 
Bramble Bank sensor is unavailable, by observations from a nearby station at Calshot . 
 
Of relevance to the present study, the data include anemometer measurements of observed 
wind speed and direction at a temporal resolution of 5 minutes.  The data are available from 
1 January 2009 up to the present day.  However, there are a number of remaining gaps in the 
data set, with an overall data return of around 88% during this 6.5 year time period. 
 
A summary of all the available Bramble Bank wind data is presented in Table 15, and plotted 
as a wind rose in Figure 46.  It can be seen that the dominant wind direction is from the south-
west and west at this location, with 90th percentile wind speeds of 10.2 m/s and 8.2 m/s from 
these directions respectively. 
 
 
 

http://www.bramblemet.co.uk/
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Table 15. Summary table of the observed wind speed (m/s) and direction at 

Bramble Bank (data 01/01/2009 to 11/10/2015) 
 

Direction E SE SW W NW N 
Direction (°N) 90 135 225 270 315 0 
Lower Direction Bound (°N) 78.75 123.75 213.75 258.75 303.75 348.75 
Upper Direction Bound (°N) 101.25 146.25 236.25 281.25 326.25 11.25 
Maximum wind speed (m/s) 27.9 15.9 26.6 29.3 18.1 18.5 
99th Percentile (m/s) 11.4 11.4 15.9 13.9 12.1 11.0 
90th Percentile (m/s) 7.3 6.9 10.2 8.2 6.6 6.7 
80th Percentile (m/s) 8.5 8.4 11.8 9.7 7.9 7.9 

 

 
Figure 46.  Wind rose of the observed wind speed and direction at Bramble Bank 

(data 01/01/2009 to 11/10/2015) 
 
A time series of observed wind speed and direction for the calibration and validation period 
from the Bramble Bank and Calshot anemometers is shown in Figure 47; data were not 
available from this source for the latter part of the calibration period.  Wind speeds are 
generally shown to be higher during the validation period than the first part of the calibration 
period for which data are available. 
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Figure 47.  Observed wind speed and direction from the Bramble Bank site during 

model calibration and validation period with periods of null data removed 
 

4.1.2 Warsash Anemometer 
 
In the absence of data from Bramble Bank and Calshot during the calibration period, an 
alternative weather station at the Warsash Maritime Academy, in the entrance to the Hamble 
River, provides a general description of wind conditions and mean sea level air pressure.  The 
Warsash site is less exposed than the Bramble Bank and Calshot sites, and recorded wind 
speeds at Warsash are more likely to be influenced by the effects of adjacent land and 
buildings.  The time series of observed wind speeds shown in Figure 47 is nominally data from 
Bramble Bank, possibly including data from Calshot, but does not include data from Warsash.  
 
Wind speed observed at Warsash was reported in the Cowes ADCP Survey report (ABPmer, 
2015).  The wind speed and directions are reported and described as generally divided into 
three distinct periods: 
 
▪ From 24 November 2014 to 7 December 2014 when winds were predominantly from 

the east to north east sector, with wind speeds generally below 10 knots (5 m/s) and 
gusts reaching 25 knots (13 m/s); 
 

▪ From 7 December 2014 to mid-December 2014 when the winds were predominantly 
from the west, with ‘excursions’ from the north (when speeds were generally very low).  
Maximum speeds occurred with westerly winds where mean speeds exceeded 
20 knots (10 m/s) with the mean peak of 30 knots (15.4 m/s) occurring on 
12 December 2014 (and where a gust of 54 knots (28 m/s) was also recorded).  This 
period coincides with the period of minimum barometric pressure; and 
 

▪ After mid-December 2014 until the end of the survey period, winds varied around the 
north sector, however wind speeds were rarely above 10 knots (5 m/s). 

 
The wind speed exceedance by direction is plotted in Figure 48.  The graph illustrates that the 
highest wind speeds can be over twice as strong as winds that can be observed 95 percent of 
the time. 
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Figure 48.  Wind speed exceedance from 16 directional sectors at Bramble Bank for 

6 years (01/01/2009 to 11/10/2015) 
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4.2 Correlation Between Model Results (Without Wind) and Wind Speed at 

Bramble Bank 
 
Wind blowing over the sea surface exerts a force which can affect local currents, for example 
by enhancing or opposing the tidal current or by generating waves.  The extent and magnitude 
of the effect from the wind can depend upon a number of factors such as wind strength, wind 
direction and the distance of fetch over which the wind can act, the duration of the wind event, 
the water depth, and the interaction between the wind, currents and waves.  To assess whether 
the model performance is affected by the presence or absence of meteorological influences, an 
assessment was made to compare time series of the model error in predictions of water levels 
and currents, against locally observed wind data from Bramble Bank.  This was initially carried 
out using model simulations without wind forcing applied.  In this way it is possible to see if a 
particular wind pattern or strong wind event might account for times when the (purely tidal) 
model compares less well against the available current speed and direction observations that 
include any local and regional scale meteorological effects. 
 
The model deviation with respect to the measured data for both current speed and direction are 
plotted against the observed wind data in Figure 49 to Figure 52.  Comparisons are provided 
for the model calibration period 25 to 27 November 2014, and model validation period 15 to 
25 December 2014.  The mean observational wind speed during the calibration period and 
validation period were 4.1 m/s and 8.8 m/s respectively.  The strongest wind event occurred on 
18 December 2014 when near-gale conditions were recorded, with a maximum observed wind 
speed of 19.7 m/s. 
 

 
Figure 49.  Wind speed observations vs deviation in model results for the Eastern 

Entrance (Site Y), calibration period 
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Figure 50.  Wind speed observations vs deviation in model results for the Western 

Entrance (Site X), calibration period 

 
Figure 51.  Wind speed observations vs deviation in model results for the Eastern 

Entrance (Site Y), validation period 

 
Figure 52.  Wind speed observations vs deviation in model results for the Western 

Entrance (Site X), validation period 
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From the information shown in Figure 49 to Figure 52, there does not appear to be a clear 
correlation between model performance and wind speed or direction.  The relationship between 
observed wind speed and model deviation (predicted vs observed current speed) for each of 
the static current meter positions; Eastern Entrance (X); Western Entrance (Y); and Harbour 
Middle (Z) for the calibration and validation periods is also shown in Figure 53 as scatter plots. 
The figure again demonstrates the absence of a clear direct correlation.  There is also no 
apparent directional correlation between the data sets. 
 

 
Figure 53.  Correlation of wind speed observations and deviation in model results  
 

4.3 Model Setup with Wind Forcing Applied 
 
To gain a better understanding of the sensitivity of the patterns of currents within Cowes 
harbour (with the current breakwater scenario) to atmospheric conditions, a range of wind 
speeds were tested within the model. 
 
The MIKE package implements wind forcing into the hydrodynamic model through a surface 
stress 𝜏𝜏𝑠𝑠 which is represented by the empirical relation: 
 

𝜏𝜏̅𝑠𝑠 =  𝜌𝜌𝑎𝑎𝑐𝑐𝑑𝑑|𝑢𝑢𝑤𝑤|𝑢𝑢�𝑤𝑤 
Where: 

𝜌𝜌𝑎𝑎  is the density of air (1.225 kg/m³) 
𝑐𝑐𝑑𝑑  is the drag coefficient (1.255·10-3) 
𝑢𝑢𝑤𝑤  is the wind speed (m/s) at 10 m above the sea surface.  
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The effects of wind speed and direction (and air-pressure) can be included in the model 
simulation in one of three ways: 
 
• Single values constant in time and over the whole model domain; 
• Varying in time but constant over the whole model domain, or; 
• Varying in time and domain. 

 
The above methods of model setup were considered.  A suitable map of wind speeds varying 
in time and domain based upon observations was not readily available to provide idealised 
wind scenarios representing common (rather than extreme) local (Solent scale) wind 
conditions.  Instead, idealised wind conditions were simulated by means of a ‘varying in time 
and domain’ approach. The wind speed and direction were then specified to be constant in time 
and within a limited spatial extent around the Isle of Wight and Solent area. The area of the 
model domain over which wind forcing was applied is shown in Figure 54.  
 
Initial sensitivity tests considered the maximum wind speed from six directions (as calculated 
from the Bramblemet record), namely: easterly, westerly, northerly, north westerly, south 
westerly and south easterly. The latter three directions were chosen as it was hypothesized 
that these wind directions would have the greatest effect on currents in the East Solent, West 
Solent and Southampton Water, respectively. 
 

 
Figure 54.  Area of the model domain over which wind forcing is applied shown in 

green 
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The initial tests concluded that wind does have a measurable effect on currents for these 
relatively extreme and infrequent wind speed conditions (see Figure 48).  It was also noted 
that, in practice, maximum wind speeds would likely be associated with the peak of a significant 
storm event that would be unlikely to last a significant length of time. Such an event would also 
be associated with larger scale meteorological effects (e.g. surge in the English Channel) that 
would also potentially significantly modify tidal processes in the Solent.  Such conditions are 
perhaps also of less concern since vessel traffic is likely to be suspended for the duration of 
such an extreme storm event. 
 
For these reasons, the final chosen method utilized a slightly lower 90th percentile (P90) wind 
speed for the six directions previously mentioned.  This value is representative of a strong, but 
not extreme wind that could realistically act within the Solent area for sustained periods of up to 
24 hours. 
 

4.4 Results of Sensitivity Testing of Wind 
 
Six model simulations were run, one for each of the six different wind directions tested, over a 
spring tide of the calibration period.  Time series comparisons of the model run results are 
presented in Figure 55 to Figure 57. 
 
On the basis of the different scenarios of wind there appears to be minimal effect on local water 
levels, although this is partially explained by the absence of wind acting on the larger domain 
area which is effectively damping out any regional scale effects.  However this is aligned with 
our intention to understand the sensitivity to local wind speeds rather than the effect of regional 
weather patterns.  The dominant effect of the wind speed is to advance or postpone the 
patterns of (depth mean) current speed and direction typically observed in Cowes Harbour 
(Figure 55 to Figure 57). Winds with a westerly component (W, NW and SW) increase current 
speeds during the initial stages of the flood (pre Young Flood Stand) when outer harbour 
currents are from west to east; delaying the current reversal which occurs around 2 hours 
before high water (on a spring tide) and slightly advancing the current reversal which occurs 
around 5 hours after high water. 
 
Winds with an easterly component (E and SE) increase depth averaged current speeds from 
the later stages of the flood (post young flood stand) through to low water when outer harbour 
currents are from east to west; advancing the current reversal which occurs around 2 hours 
before high water (on a spring tide) and postponing the current reversal which occurs around 5 
hours after high water.  Northerly winds have the least effect on current speeds and water 
levels as the wind is opposing the dominant current direction at all stages of the tide and the 
fetch is reduced to the width of the Solent.  
 
The effect of wind on depth averaged current speed is typically less than 0.2 m/s. The largest 
impact on current speed is a 0.25 m/s reduction in the harbour (Middle site) in conjunction with 
south westerly winds.  Current patterns inside the harbour, particularly behind the Shrape 
breakwater are subject to variability, which is most notable during periods of otherwise low 
current speeds. 
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Figure 55.  Comparison of model results from runs including wind forcing - Eastern 

Entrance Site Y 
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Figure 56.  Comparison of model results from runs including wind forcing - Western 

Entrance Site X 
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Figure 57.  Comparison of model results from runs included wind forcing - Middle 

Site Z 
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Vector plots of currents within Cowes Harbour under different wind conditions for various 
stages of the tide are presented in Figure 58 to Figure 62.  For clarity, a reduced number of 
wind directions are plotted, namely: south westerly and south easterly winds (as these proved 
to have the largest effects on model current) and north westerly winds (as these conditions 
produced a different pattern of currents to the other wind directions).  The baseline simulation 
has no wind acting on the model.  The vector arrows are colour coded as follows: 
 
▪ South westerly winds – magenta vector arrows; 
▪ South easterly winds - light blue vector arrows; 
▪ North westerly winds – green vector arrows; and  
▪ No wind (Baseline) - black vector arrows 
 

 
Figure 58.  Comparison of current vectors in Cowes Harbour at high water-5 
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Figure 59.  Comparison of current vectors in Cowes Harbour at high water-4 
 

 
Figure 60.  Comparison of current vectors in Cowes Harbour at high water-3 
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Figure 61.  Comparison of current vectors in Cowes Harbour at high water-2 
 

 
Figure 62.  Comparison of current vectors in Cowes Harbour at high water-1 
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A southerly wind component increases the effect of an easterly or westerly wind on currents. 
However this could be due to the relatively higher wind speeds associated with south westerly 
and south easterly winds, than westerly and easterly winds.  
 
At low water, a wind with a westerly component increases current speeds approaching Cowes 
Harbour from the western Solent. Slightly faster currents are noted entering the harbour and 
exiting between the Shrape and the breakwater.  In the initial stages of the flood, currents are 
directed into the Harbour on the western side and these currents are enhanced by south 
westerly winds (Figure 58). 
 
As the flood progresses, current speed immediately outside the Harbour decrease slightly, 
concurrent with a slight increase in current speed in the centre of the Solent channel 
(Figure 59). The recirculation that occurs to the north of the Shrape begins sooner when winds 
have an easterly component, resulting in a relatively earlier change in current direction at this 
location. Easterly and south easterly winds slightly increase cross harbour current speed one to 
two hours before high water (Figure 60 to Figure 62). Westerly and north westerly wind speeds 
have little effect on current speed inside the harbour in this time, whilst south westerly winds 
tend to reduce current speed. 
 
During the ebb, current speed is relatively consistent and independent of wind speed. South 
westerly winds result in faster current speeds near the eastern entrance to the harbour, prior to 
the change of tide from ebb to flood. 
 

4.5 Summary of Assessment of Local Wind Conditions on Water Surface 
Current 
 
Observational wind data has been downloaded from the Bramblemet archive which provided 
around 6.5 years of locally observed wind speed and direction data, at 5 minute intervals, as 
recorded at the Bramble Bank (or Calshot) from January 2009 to the present day.  The data 
were analysed and speed and directional statistics were determined (Table 15). 
 
Discrepancies in model calibration with respect to the measured data for both current speed 
and direction were compared with the observed wind data to identify any correlation, but none 
was found.  Model simulations were conducted testing the sensitivity of patterns of tidal current 
to the additional influence of wind by applying a spatially and temporally uniform, but spatially 
limited, wind field from a range of directional sectors. 
 
The sensitivity test results for wind indicate that the currents in Cowes Harbour are most 
sensitive to winds from the south east and south west, which act to increase current speeds in 
the eastern and western Solent. The effect of winds on current speeds in Cowes Harbour is 
typically less than 0.2 m/s. Any anticipated changes to patterns of depth mean current are 
limited to locations and times where current speeds are otherwise already relatively low.  Winds 
from the south east might be considered the worst case in terms of navigational risk, although 
their effect is limited and the more direct influence of windage on vessels is likely to be more 
significant. 
 



 

Cowes 
Local Hydrodynamic Model Calibration 

 

 

R/4327/1 82 R.2517 
 

 
5. Assessment of 3D Modelling Option 

 
Tidal current speed and direction normally vary with depth due to ‘boundary layer’ effects, with 
the current speed decreasing in a characteristic manner between the seas surface and the 
seabed. Other persistent 3-dimensional (3D) patterns may also occur locally in conjunction with 
the effects of local topography or additional forcing by winds or thermohaline processes (in this 
case, the effects of fresh water input).   
 
This section of the report considers whether depth-variable, 3D currents are an important factor 
influencing the hydrodynamics in the vicinity of Cowes Harbour, and therefore whether a 3D 
numerical model is necessary to represent the hydrodynamic processes in this area or whether 
a 2D approximation is sufficient.  A 2D modelling approach is capable of accommodating depth 
variations of speed, by assuming a standard velocity profile, but only a single depth averaged 
current direction can be simulated.  
 
This section presents equivalent analyses to that contained within Mouchel (2005), using the 
newly collected 2014 survey data, in order to re-validate (or otherwise) the conclusions of 
Mouchel (2005). 
 
The locally observed current profile data described in Section 3.4 (ADCP transects, and AWAC 
fixed sites), have been examined to investigate whether there is any direct evidence of 
coherent and persistent 3D behaviour of the currents at this location, noting that the data does 
not include near bed and near surface measurements. 
 
The following sub-sections are presented: 
 
▪ Potential causes of 3D hydrodynamic behaviour 

- Boundary layer effects 
- Topographically induced effects 
- Wind-blown surface currents 
- Stratification effects 
 

▪ Assessment of measured data; 
- Transect ADCP velocity profiles (Small Craft Navigation Channel, Sites 12-14); 
- Transect ADCP velocity profiles (Main Fairway, Sites 20 and 23); 
- Fixed station AWAC velocity profiles (Outside Cowes Harbour, Sites X and Y); 
- Fixed station AWAC velocity profiles (Small Craft Mooring Area, Site Z)); 
- Discussion of measured data investigation  
 

▪ Sensitivity testing with a 3D numerical model; 
- Model setup; 
- Results; 
- Discussion of sensitivity testing with a 3D numerical model. 
 

▪ Summary. 
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5.1 Potential Causes of 3D Hydrodynamic Behaviour 

 
5.1.1 Boundary Layer Effects 

 
In coastal and estuarine environments, current speed naturally varies between the sea surface 
and the sea bed. Current speeds are relatively higher at the surface and are generally relatively 
uniform in the upper half of the water column. Current speed in the lower half of the water 
column decreases progressively rapidly with increasing depth, to zero at the seabed due to 
friction. The affected area is termed the boundary layer. Various relationships can be used to 
describe the characteristic shape of the resulting vertical profile of current speed. In the context 
of the present study and assuming current direction remains unchanged, boundary layer effects 
can be reasonably well described using standard relationships in conjunction with the depth 
averaged results of the 2D model. A 3D model would only be required to investigate the 
following potential causes of 3D hydrodynamic behaviour in more detail. 
 

5.1.2 Topographically Induced Effects 
 
The presence of coastal structures such as breakwaters, complex topography such as 
headlands, or situations where vertical shear is likely such as currents obliquely entering a local 
deep water channel, can give rise to 3D current effects. Such effects range from larger scale 
current streamline deflection, to the creation of rotating eddy features, with a mixture of length 
scales and horizontal and vertical profiles or orientations.  
 

5.1.3 Wind-blown Surface Currents 
 
Winds may exert an additional force on the water surface, modifying the speed and direction of 
the surface current relative to that which would otherwise be expected due to the tide alone 
(especially when winds and tides are acting in different directions), and relative to unaffected 
current speeds and directions deeper in the water column. The maximum additional current 
set-up by a wind can be approximated as 3% of the wind speed, in approximately the same 
direction. Locally, the speed of a surface wind-blown current and the depth to which it 
penetrates is limited by the available fetch (a combination of the time and the continuous 
distance of water over which the wind has blown). Fetches are relatively small within Cowes 
Harbour for winds from easterly clockwise through westerly directions. Winds from other 
directions are associated with potentially larger fetches (across the width of the Solent), 
however, these fetches are also orientated oblique to the relatively strong tidal streams in the 
Solent which would limit the likelihood of a fully developed wind-blown surface effect into 
Cowes Harbour. Wind-blown currents may alter the direction of surface flows with Cowes 
Harbour, particularly where tidal flows are weaker, for example, on Neap tides. Wind-blown 
currents (and waves) can also push or ‘set up’ water against a coastline, resulting in other 
alongshore currents.   
 

5.1.4 Stratification Effects 
 
Sufficiently strong stratification (vertical and horizontal gradients of salinity and/or water 
temperature, and so water density) can also give rise to 3D ‘halocline’ and ‘thermohaline’ 
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currents in estuaries. Relatively weak thermohaline currents may be superimposed on the tidal 
signal in response to general stratification of the estuary (e.g. ‘salt wedge’ and ‘partially mixed’ 
estuary types). Estuaries with minimal or no stratification are termed ‘well mixed’ and no such 
3D effects are set up as a result. Cowes Harbour is very likely to be a ‘well mixed’ estuary, 
given the low fresh water discharges in the vicinity.  
 
Locally more significant effects might arise (for any estuary type) where and when there is a 
high rate of fresh water flow into the estuary (e.g. high river discharge) and mixing rates are low 
enough that it persists for some time as a buoyant layer overlying the more dense salt water. In 
this case, the two water bodies are physically separated by the difference in density and their 
relative current speed and direction might be quite different (e.g. the tide can flood into the 
estuary underneath the outflowing fresh water).  
 
The potential strength of thermohaline and halocline effects is related to the strength, extent 
and duration of the temperature and salinity gradients present. A greater input rate of fresh 
water or heat will tend to increase the likelihood of stratification, while shallower water depths 
and stronger currents will tend to reduce it through turbulent mixing, if it were to occur.  
 
The likelihood of persistent or strong thermohaline effects is relatively low in Cowes Harbour 
due to typically relatively low river discharge rates, the nearly complete exchange of water with 
the Solent each tide, relatively shallow water depths and strong currents, combined with 
numerous topographic features that would encourage the breakdown of stratification through 
mixing.  
 
A report by Mouchel Parkman (Mouchel, 2005) previously considered temperature and salinity 
(and current) data collected during the 2005 survey campaign by Titan Surveys Ltd (Titan, 
2005) in order to recommend the need or otherwise for a 3D hydrodynamic model to be used.  
Mouchel (2005) similarly concluded that: 
 
“…the estuary can be considered to be relatively well mixed and therefore the water column 
can be considered to be homogenous. Therefore a 2D – depth averaged numerical model will 
provide a suitable tool to assess the impacts of any new developments on the hydrodynamic 
and related processes in the Medina Estuary.” 
 
Further evidence of the lack of any coherent stratification of the vertical profile of the water 
column in and around Cowes Harbour is provided in the initial raw data from a survey presently 
being conducted by Ambios.  Whilst this survey has not been reported as of the time of writing, 
initial results are available, and have been reviewed by ABPmer.  No significant vertical 
difference in temperature or salinity has been identified. 
 

5.2 Assessment of Measured Data 
 

5.2.1 Transect ADCP Velocity Profiles (Small Craft Navigation Channel) 
 
Data collected during the 2014 field survey using a vessel-mounted ADCP have been 
analysed.  The data were measured over a one flood-ebb tidal cycle as a series of transects in 
the vicinity of the harbour area, with data recorded at (nominally) hourly intervals at each 
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position.  For this section, data were extracted at three locations, specifically Sites 12, 13, 14. 
The Site locations are shown in Figure 6. The data provide current speed and direction at 0.5 m 
intervals through the water column. Practical limitations of the instruments exclude 
measurements of very near bed and very near surface currents (and will therefore be unlikely 
to show any surface wind effects).   
 
Figure 63 to Figure 68 provide equivalent plots to those presented in Mouchel (2005) showing 
the vertical distribution of current speed and direction through time, for a single tide, at Sites 12, 
13, and 14, i.e. three adjacent locations, north to south, across the gap between the eastern 
end of the new Cowes Outer Harbour Breakwater, and the end of the Shrape Breakwater.  
 
The information provided in the figures is consistent with the general findings of Mouchel 
(2005), that the current speed and direction is largely uniform through depth. 
 
Figure 69 and Figure 70 compare the nearly coincident observed velocity profiles at Sites 12, 
13 and 14, at hourly stages through one representative spring flood-ebb tidal cycle.  
 
Considering each site individually, at any given time, the current throughout the water column is 
generally of a similar magnitude and direction with some minor exceptions that are within the 
magnitude of the measurement noise and uncertainty. There is no clear evidence of significant 
consistent variation in the vertical distribution of current speed or direction at the individual 
sites. 
 
In the period from high water -2 hrs to high water +2 hrs, there appears to be a general 
convergence of flow direction in the vicinity of Sites 12, 13 and 14. The data for the three sites 
are relatively closely collected in both space (see Figure 6) and time, and so differences are 
more likely to be attributable to local (topographically induced) flow deflection and constriction 
by the nearby Cowes Breakwater (to the north and north-west of Site 12) and Shrape 
Breakwater (to the south and south-east of Site 14). 
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Figure 63.  Vertical profile of ADCP measured current speed at Site 12 
 

 
Figure 64.  Vertical profile of ADCP measured current direction at Site 12 
 

 
Figure 65.  Vertical profile of ADCP measured current speed at Site 13 
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Figure 66. Vertical profile of ADCP measured current direction at Site 13 

 

 
Figure 67.  Vertical profile of ADCP measured current speed at Site 14 

 
 

 
Figure 68.  Vertical profile of ADCP measured current direction at Site 14 
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Figure 69.  ADCP data vertical profiles at Sites 12, 13 and 14 (high water -4 hrs to 

high water -1 hr) 
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Figure 70.  ADCP data vertical profiles at Sites 12, 13 and 14 (high water to high 

water +4 hrs) 
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5.2.2 Transect ADCP Velocity Profiles (Main Fairway) 

 
Data collected during the 2014 field survey using a vessel-mounted ADCP have been 
analysed.  The data were measured over a one flood-ebb tidal cycle as a series of transects in 
the vicinity of the harbour area, with data recorded at (nominally) hourly intervals at each 
position. Data for this section were extracted at two locations, specifically Sites 20 and 23. The 
Site locations are shown in Figure 6. The data provide current speed and direction at 0.5 m 
intervals through the water column. Practical limitations of the instruments exclude 
measurements of very near bed and very near surface currents.   
 
Figure 71 to Figure 74 provide equivalent plots to those presented in Mouchel (2005) showing 
the vertical distribution of current speed through time, for a single tide, at Sites 20 and 23, 
respectively. Site 20 is in the Main Fairway, just north of Cowes Yacht Haven. Site 23 is in the 
Main Fairway, just north of the Island Sailing Club. 
 
The information provided in the figures is consistent with the general findings of Mouchel 
(2005), that the current speed and direction is largely uniform through depth. 
 
Vertical current profiles at hourly stages through one representative spring flood-ebb tidal cycle 
are shown in Figure 75 to Figure 80 for Sites 20 (Inner Main Fairway, north of Cowes Yacht 
Haven) and 23 (Main Fairway, north of the Island Sailing Club). 
 
During periods of higher current speed the current direction tends to be more uniform through 
the water column at both Sites 20 and 23.  The current direction at Site 20 is more variable for 
periods of weaker currents, e.g. around the turn of the tide.  The latter effect is relatively short 
lived and of less significance for navigation and sediment transport considerations. 
 
The ADCP data for these sites, and to a lesser extent the sites in the Small Craft Channel, has 
high levels of variability and possible influence from vessel traffic. The quality of the data is 
discussed in Section 3.4 but should be considered less reliable than the fixed station AWAC 
data discussed below in Section 5.2.3 and 5.2.3. 
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Figure 71.  Vertical profile of ADCP measured current speed at Site 20 
 

 
Figure 72.  Vertical profile of ADCP measured current direction at Site 20 
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Figure 73.  Vertical profile of ADCP measured current speed at Site 23 
 

 
Figure 74.  Vertical profile of ADCP measured current direction at Site 23 
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Figure 75.  ADCP data vertical profiles at Site 20 (high water -6 hrs to high water 

-3 hrs) 
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Figure 76.  ADCP data vertical profiles at Site 20 (high water -2 hrs to high water 

+1 hrs) 
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Figure 77.  ADCP data vertical profiles at Site 20 (high water +2 hrs to high water 

+5 hrs) 
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Figure 78.  ADCP data vertical profiles at Site 23 (high water -6 hrs to high water 

-3 hrs) 
 
  



 

Cowes 
Local Hydrodynamic Model Calibration 

 

 

R/4327/1 97 R.2517 
 

 
 
 

 
Figure 79.  ADCP data vertical profiles at Site 23 (high water -2 hrs to high water 

+1 hrs) 
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Figure 80.  ADCP data vertical profiles at Site 23 (high water +2 hrs to high water 

+5 hrs) 
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5.2.3 Fixed Station AWAC Velocity Profiles (Outside Cowes Harbour, Sites X and Y) 

 
Data from the two fixed station AWAC’s located immediately outside of Cowes Harbour have 
been analysed to examine the vertical profile of the current measurements. The data were 
collected at Sites X and Y as part of the 2014 survey of Cowes Harbour (see Section 3.4). 
A comprehensive review of the survey methodology and results are presented in a supporting 
Survey Report document (ABPmer, 2015). The data provide a continuous record of current 
speed and direction at 1 m intervals through the water column, although again, the data does 
not include very near bed and very near surface observations due to practical limitations of the 
instruments. 
 
Vertical profile time-series plots of current speed and direction are provided for Site X at the 
western entrance (Figure 81 and Figure 82, respectively), and for Site Y at the eastern 
entrance (Figure 83 and Figure 84, respectively).  These figures provide equivalent plots to 
those presented in Mouchel (2005) showing the vertical distribution of current speed and 
direction through time.  
 
The normalised distributions of the same three days of data for Sites X and Y are compared to 
an idealised (1/7th power law) profile in Figure 85 and Figure 86, respectively. The current 
speed is normalised relative to a mid water depth value (calculated for each time step). The 
normalised depth reflects the fixed height measurements above the bed (at 1.5, 2.5, 3.5 m, 
etc.) in relation to the measured total (tidally varying) water depth. 
 
Figure 85 (Site X) agrees closely to the idealised profile, with little scatter. This figure provides 
relatively strong evidence for the consistent presence of an idealised current profile in this 
location and time period. 
 
The areas of higher density of counts in Figure 86 (Site Y) are vertically orientated but have a 
broader spread, suggesting that simultaneously observed current speeds throughout the water 
column at this site tend to be relatively uniform with depth (within the observable part of the 
water column), with some noise. However, the figure does not provide strong evidence as to 
whether the current profile does or does not conform to the idealised profile. It is noted that the 
signal noise apparent about the axis of the highest density of counts in corresponds to very few 
(1-2) individual observations that are potentially associated with high relative but small absolute 
variability in current speed, during low current speed conditions, such as around slack water.  
Figure 90 illustrate the measured velocity profiles as a series of vector arrow profiles of the 
current, at hourly stages through one representative spring flood-ebb tidal cycle. 
 
There appears to be little variation in direction through the water column, with currents 
generally in the same direction through the whole water depth in each discrete period of time.  
At the eastern entrance (Site Y) around high water -3 or -4 hrs, the current in the upper water 
column is orientated in a more southerly direction and is slightly stronger than at the lower part 
of the water column.  This is probably due to the inundation and increasing water depth of the 
Sharpe mud as the effect is transient in nature and the direction of the tidal current changes 
shortly after. 
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Figure 81.  Vertical profile time series of AWAC measured current speed at the 

Western Entrance, Site X 
 

 
Figure 82.  Vertical profile time series of AWAC measured current direction at the 

Western Entrance, Site X 
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Figure 83.  Vertical profile time series of AWAC measured current speed at the 

Eastern Entrance, Site Y 
 
 

 
Figure 84.  Vertical profile time series of AWAC measured current direction at the 

Eastern Entrance, Site Y 
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Figure 85.  Distribution of observed current speed at the Western Entrance, Site X, 

relative to an idealised (1/7th power law) profile   

 
 
Figure 86.  Distribution of observed current speed at the Eastern Entrance, Site Y, 

relative to an idealised (1/7th power law) profile   
  



 

Cowes 
Local Hydrodynamic Model Calibration 

 

 

R/4327/1 103 R.2517 
 

 
 

 
Figure 87.  AWAC data vertical profiles at the Western Entrance, Site X (high water 

-4 hrs to high water -1 hrs) 
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Figure 88.  AWAC data vertical profiles at the Western Entrance, Site X (high water 

to high water +3 hrs) 
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Figure 89.  AWAC data vertical profiles at the Eastern Entrance, Site Y (high 

water -4 hrs to high water -1 hrs) 
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Figure 90.  AWAC data vertical profiles at the Eastern Entrance, Site Y (high water to 

high water +3 hrs) 
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5.2.4 Fixed Station AWAC Velocity Profiles (Small Craft Mooring Area, Site Z) 

 
Data from the fixed station AWAC located inside the Cowes Harbour Breakwater in the small 
craft mooring area has also been analysed to examine the vertical profile of the current 
measurements. The data were collected at Site Z as part of the 2014 survey of Cowes Harbour 
(see Section 3.4). A comprehensive review of the survey methodology and results are 
presented in a supporting Survey Report document (ABPmer, 2015). The data provide a 
continuous record of current speed and direction at 1 m intervals through the water column, 
although again, the data does not include very near bed and very near surface observations 
due to practical limitations of the instruments. 
 
Vertical profile time-series plots of current speed and direction are provided for Site Z at the 
western entrance (Figure 91 and Figure 92, respectively). These figures provide equivalent 
plots to those presented in Mouchel (2005) showing the vertical distribution of current speed 
and direction through time. 
  
The normalised distribution of the same three days of data for Site Z is compared to an 
idealised (1/7th power law) profile in Figure 93. The current speed is normalised relative to a 
mid water depth value (calculated for each time step). The normalised depth reflects the fixed 
height measurements above the bed (at 1.5, 2.5, 3.5 m, etc.) in relation to the measured total 
(tidally varying) water depth. 
 
Figure 93 (Site Z) agrees closely to the idealised profile, with little scatter. This figure provides 
relatively strong evidence for the consistent presence of an idealised current profile at this 
location in this time period. 
Figure 94 and Figure 95 show vector profiles of current speed at Site Z within the Small Craft 
Mooring Area (see Figure 6) at hourly stages through the tidal cycle. 
 
The current tends to be directionally uniform through the water column during times of peak 
tidal current, but more directionally variable when currents are weaker as the tide turns.  Also of 
note is that at some stages of the tide the direction of the near surface current is offset 
anticlockwise to the bulk of the water column, e.g. at high water shown in Figure 95 where the 
current through most of the lower water column is directed westwards, but the surface current 
is directed south-westwards. 
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Figure 91.  Vertical profile time series of AWAC measured current speed in the Small 

Craft Mooring Area, Site Z 
 
 

 
Figure 92.  Vertical profile time series of AWAC measured current direction in the 

Small Craft Mooring Area, Site Z 
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Figure 93.  Distribution of observed current speed in the small craft mooring area, 

Site Z, relative to an idealised (1/7th power law) profile   
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Figure 94.  AWAC data vertical profiles at Site Z (high water -4 hrs to high water 

-1 hr) 
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Figure 95.  AWAC data vertical profiles at Site Z (high water to high water +3 hrs) 
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5.2.5 Discussion of the Assessment of Measured Data 
 
Measured current speed and direction profile data have been presented for various locations in 
and around Cowes Harbour. The device type used to collect these data (generically, an 
acoustic doppler profiler) was and remains the most suitable device type to use for the 
originally intended purpose (short term mobile, or long term static profile measurements of 
current speed and direction). However, there are a number of practical limitations of such 
devices that affect their capability to accurately resolve or measure certain local 3D current 
features. 
 
The following is a summary of information that is available in more detail from the main 
instrument manufacturer’s websites (http://www.nortek-as.com/ and 
http://www.rdinstruments.com/) and related discussion groups. 
 
Acoustic doppler profiler devices emit three to four narrowly focussed beams of sound at a 
particular frequency, evenly distributed around and angled outwards from a central axis. As 
each pulse of sound travels away from the instrument, some sound is reflected by particles in 
the water. The frequency of the backscattered signal to the instrument is modified by the 
doppler effect, due to the relative moment of the particles in the water (and hence the 
movement of the water itself). The time taken to receive the backscattered signal is 
proportional to the two-way travel time from and back-to the instrument, thus providing 
information along a known profile length. The discrete vectors of motion simultaneously 
recorded at varying distances along each of the beams are geometrically combined with 
information about the heading, tilt and roll of the instrument to infer a profile measurement of 
current speed and velocity, relative to known horizontal and vertical axes.  
 
Individual observations may be relatively inaccurate so multiple ‘pings’ may be integrated to 
produce a more consistent time-averaged result. Mobile surveys do not expect to be in the 
same position for long and so a smaller number of pings might be averaged per recorded 
observation. Static devices may more reasonably average over longer periods and so result is 
a better, less noisy signal. 
 
The sound beams are emitted with a known geometry (typically 22.5° from the vertical axis). 
The overall angle of spread of the three to four beam footprint is therefore 45°, i.e. the footprint 
diameter will be equal to the distance from the instrument. In practice, this means that although 
observations made some distance (e.g. 5 m) from the instrument are nominally reported as 
locations along the central profile axis, the instrument is actually integrating information from 
three to four discrete locations around the axis, separated by a distance similar to the distance 
of the measurement from the instrument (i.e. 5 m), assuming uniformity of current speed and 
direction over this footprint to produce a meaningful result. 
 
In situations where there is complexity or variation in the currents or topography within the 
measurement footprint, the assumption that the currents being observed at some fixed distance 
along all beams are the same, may not be true. e.g. one or more beams may be measuring 
different patterns of currents at varying scales to the other beams, or the position of each beam 
may be relatively closer to or further from the seabed or other lateral topographic features. 
 

http://www.nortek-as.com/
http://www.rdinstruments.com/
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Despite these limitations, the results (that limited or no 3D flow features can be clearly 
identified in the available observed data) are consistent with the conclusions of Mouchel (2005) 
that it is unlikely that 3D processes are a significant factor in the normal pattern of currents in 
Cowes Harbour. 
 

5.3 3D Modelling 
 
An un-calibrated 3D hydrodynamic (tidal) model has been developed from the 2D model and 
sensitivity tests carried out to ascertain whether hydrodynamic processes in the region of 
Cowes Harbour are likely to be strongly 3D in nature, such that a 3D model would be required 
to accurately simulate the flow.  
 
The 3D model has been set up, with the MIKE 3FM modelling suite.  Test simulations have 
been conducted to see if the 3D aspects of the flow seen in the ADCP and AWAC 
observational data are reproduced by the 3D model, and to investigate other potential 
morphologically-induced 3D processes in locations where observed data are not necessarily 
available.  
 
The 3D model was run for the same time period as has been presented for the 2-dimensional 
(2D) modelling (see Section 3), and the model results were analysed to see if there is 
significant variation seen in hydrodynamic flow through the vertical water column. The model 
has not been calibrated, and no freshwater or varying-temperature inputs are provided to the 
model, so potential stratification processes are not represented. 
 

5.3.1 3D Model Set-up 
 
The MIKE modelling suite allows the vertical layers of a 3D model to be defined in the model in 
a number of ways. The vertical domain can be based on either sigma, z-level, or a combination 
of sigma and z-level coordinates. Sigma layers represent a fixed proportion of the water column 
and so their absolute thickness will vary depending on the local instantaneous total water depth 
(including the potentially time varying water level), whereas z-levels represent layers of fixed 
thickness. Model variables are calculated in grid cell centres and are representative of the 
average value in the layer. 
 
For this study, sigma layers were used to divide the vertical domain into four parts which 
provided a relatively efficient model with vertical resolution similar to the observational data. 
The upper 90% of the water column is divided into equal three layers, each represented 30% of 
the water column; the bottom layer is thinner, at 10% of the total depth (Figure 96).  This 
configuration was designed to increase vertical resolution to describe processes associated 
with bed friction, where the change in speed with depth is greatest. 
 
The MIKE 3FM model requires the values of model roughness to be supplied as a drag 
coefficient for a quadratic friction type parameterisation, or as the ‘roughness height’, for a 
logarithmic profile type parameterisation. The previous 2D model used spatially varying 
Manning-M values as a metric for roughness.  For this reason the calibrated 2D roughness 
map was not directly compatible and was not implemented in the model. Instead, for the 
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purposes of the sensitivity testing, a constant drag height value of 0.05 meters was applied 
which is recommended as a reasonable default value in the MIKE documentation.  
 
The (horizontal) mesh extent and resolution, the bathymetry and the boundary forcing 
conditions were kept the same as that which has been reported for the 2D modelling (see 
Section 2).  
 

 
Figure 96.  Representation of the model vertical domain 
 

5.3.2 3D Modelling Results 
 
Comparison of the calibrated 2D depth averaged and 3D currents is presented for Sites X and 
Y in Figure 97.  In the figure, the layers of the 3D model have been depth averaged with a 
weighting to account for the layer depth.  Whilst the absence of the calibrated roughness map 
may have decreased the models ability to simulate currents velocities as accurately as the 2D 
model, the overall pattern of currents during the tidal cycle is broadly reproduced. 
 
The model results were also analysed to assess the differences in current speed and direction 
between the uppermost vertical layer nearest the surface, and the lowest vertical layer nearest 
the seabed. Figure 98 to Figure 110 show vector map plots of the 3D modelled currents, 
comparing the near seabed and near surface layers at hourly intervals through the tide.   
 
It should be noted that these plots are based on an un-calibrated model and so should not be 
compare directly with, or considered to be equivalent to any of the other similar plots presented 
in this report. For this reason, an absolute current speed key is not provided but the relative 
magnitude and orientation of the vectors can be reasonably compared to identify areas where 
3D processes appear to be important. 
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Figure 97.  Comparison of 2D and 3D model current time series at Sites X and Y 
 

 
Figure 98.  Vectors showing modelled current near surface and near bed at high water 

-6 hrs 
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Figure 99.  Vectors showing modelled current near surface and near bed at high water 

-5 hrs 
 

 
Figure 100.  Vectors showing modelled current near surface and near bed at high water 

-4 hrs 
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Figure 101.  Vectors showing modelled current near surface and near bed at high water 

-3 hrs 
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Figure 102.  Vectors showing modelled current near surface and near bed at high water 

-2 hrs 
 

 
Figure 103.  Vectors showing modelled current near surface and near bed at high water 

-1 hrs 
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Figure 104.  Vectors showing modelled current near surface and near bed at 

high water 
 

 
Figure 105.  Vectors showing modelled current near surface and near bed at high water 

+1 hrs 
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Figure 106.  Vectors showing modelled current near surface and near bed at high water 

+2 hrs 
 

 
Figure 107.  Vectors showing modelled current near surface and near bed at high water 

+3 hrs 
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Figure 108.  Vectors showing modelled current near surface and near bed at high water 

+4 hrs 
 

 
Figure 109.  Vectors showing modelled current near surface and near bed at high water 

+5 hrs 
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Figure 110.  Vectors showing modelled current near surface and near bed at high water 

+6 hrs 
 
The modelled current speed are typically lower nearer the seabed, as expected due to seabed 
friction. Typically, modelled current direction near the seabed and near the surface are similar, 
as represented in the 2D model. However, there can be deviation from these typical patterns of 
current speed or direction in certain locations, at certain stages of the tide. 
 
For example, Figure 110 shows the current vectors at high water +6 hrs. The current speed is 
shown to vary slightly between near surface and near bed current in the area outside the 
breakwater.  In this figure the modelled current speed is faster near the seabed than at the 
surface. This is likely due to the near bed current slowing more quickly and starting to turn 
slightly earlier than the upper water column, which is slowing down to make the turn, but has 
more momentum.  
 
The model results showed the most significant directional differences between the near surface 
and near bottom current at high water -1 hrs, the vector plot for which is as shown in Figure 
103. There are differences in the vertical structure of the rotational eddy which forms outside 
the estuary at this stage of the tide. This is likely to be due to bed friction with the result that the 
slower near-bed currents are able to turn with the eddy more readily than the surface currents, 
which are not similarly restricted and have more outward momentum.  There are also 
differences in the vertical current structure immediately north of Cowes Harbour within the 
estuary, with the near seabed current directed south/SSE and near surface current angled 
south/SSW. 
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Comparisons have been made between the observed and modelled current where differences 
in the vertical current profile have been seen (as reported in Section 5.2). For example, vertical 
current structure differences are seen in some of the observed current at Site 20 (Figure 75 to 
Figure 77).  At high water -6 hrs the observed current near the seabed is directed SSW, 
whereas the current nearer the surface is directed further eastwards towards the SSE.  This is 
shown along with the modelled current at high water -6 hrs in Figure 111.  At high water +4 hrs 
the observed current at Site 20 is predominantly NW, but the near bed current is directed 
eastwards, shown with the modelled current profile in Figure 112.  Although there are 
differences in the observed current in Figure 111 and Figure 112, it can be seen that there is 
little vertical variation in the direction of current in the model.  A more westward directed 
surface current layer is also seen in the observational ADCP data at high water -1 hrs at Site 
20, as shown in Figure 113. 
 
In the small craft mooring area, Site Z, the observed near surface current is directed further 
anticlockwise to the rest of the majority of the current (Figure 94 and Figure 95).  However, 
there is no offset of the near surface current seen in the modelled current results (Figure 114 
and Figure 115).   
 
Some vertical variability in current direction is also seen in the AWAC data at the eastern 
entrance, Site Y, but this is not reproduced in the 3D current model results, for example Figure 
116. 
 
These apparent inconsistences between the observed and modelled current directions suggest 
that the potential 3D process are not being correctly simulated by the model.  Furthermore 3D 
processes suggested by the model cannot be justified by the observational data.  
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Figure 111.  Site 20 vertical current profile high water -6 hrs from ADCP observations 

and modelled (note that the model is not calibrated) 
 

 
Figure 112.  Site 20 vertical current profile high water +4 hrs from ADCP observations 

and modelled (note that the model is not calibrated) 
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Figure 113.  Site 20 vertical current profile high water -1 hrs from ADCP observations 

and modelled (note that the model is not calibrated) 
 

 
Figure 114.  Site Z vertical current profile high water +1 hrs from ADCP observations 

and modelled (note that the model is not calibrated) 
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Figure 115.  Site Z vertical current profile high water +3 hrs from ADCP observations 

and modelled (note that the model is not calibrated) 
 

 
Figure 116.  Site Y vertical current profile high water -4 hrs from AWAC observations 

and modelled (note that the model is not calibrated) 
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5.3.3 Discussion of Sensitivity Testing with a 3D Numerical Model  

 
The 3D model used for sensitivity testing has not been calibrated as this would require 
significant time and effort beyond the scope of the present study at this time. Despite the lack 
of calibration of the model, it is considered likely that the model provides a meaningful tool to 
investigate whether topographically induced 3D processes are expected to be normally present 
in and around Cowes Harbour, especially in areas where detailed observational data are not 
available. 
 
The model does not reproduce the few, more coherent, observed 3D current features in 
Sections 5.2.1 and 5.2.3, however, there is remaining uncertainty in the individual observations, 
which might erroneously hide or introduce apparent 3D features when analysing the observed 
data. 
 
The model indicates that some 3D variation in current speed and direction with depth could be 
expected, in certain areas, at certain stages of the tide. There are two general situations where 
3D processes might arise:  
 
▪ In deeper water where surface currents have greater momentum, allowing near-bed 

currents to slow and turn relatively earlier in response to normal tidal forcing; and 
 

▪ In parts of the main fairway, where the cross-harbour flow impinges on the channel at 
an oblique orientation to the main flow axis, causing surface flow to be deflected 
towards the west Cowes shoreline while near-bed flow may still be directed along the 
main channel axis. Although this feature could potentially be important for sediment 
transport there is no evidence in the observed data to confirm these potential 3D 
effects are present within Cowes Harbour. 

 
5.4 3D Modelling Summary 
 

The ADCP and AWAC observational data suggest that there is some variation in current speed 
and direction through the water column and that this is variable with location and with time. 
However, at most locations no clear patterns or trends can be established beyond the 
uncertainty in the measured data. 
 
For example, at Site X in the Western Entrance, the current is observed to be largely uniform 
through the water column, with similar current directions at all stages of the tide, e.g. Figure 87 
and Figure 88. At other locations, the current fluctuates between directionally uniform and 
directionally variable through the water column at different stages of the tide.  The current 
direction tends to be more variable through the water column at stages of the tide when the 
current is weakest, i.e. around the turn of the tide, such as at Site 20 and Sites Y and Z, as 
seen in Figure 75 to Figure 77, and Figure 89 to Figure 95. 
 
A 3D current model was tested to see if it would reproduce the few more coherent and 
consistent vertical current variations seen in the ADCP and AWAC observational data.  Whilst 
the absence of a calibrated roughness map has decreased the models ability to simulate 
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currents velocities accurately in the vicinity of Cowes Harbour, the overall (2D) pattern of 
currents is still reasonably representative of the 2D model and of the available observed data.   
 
The 3D model results showed little variation in current direction through the vertical or 
reproduced any of the suggested 3D features in the observational data.  The vertical variations 
seen in the observational data may be caused by effects not captured by the physics of the 
current model, for instance, sub-model-grid-scale turbulence or eddies.  Moreover, most of the 
observational data show the current to be directionally relatively uniform in the vertical for the 
majority of the tidal cycle and locations. This suggests that there would be limited value in 
applying a 3D model in this region, over a 2D approximation. 
 
Our recommendation is to proceed with the 2D modelling approach described in the previous 
sections of this report, which is consistent with the previous recommendation of Mouchel 
(2005).  This recommendation is offered for the following reasons: 
 
▪ The results of the investigation into the measured data show that there are no clearly-

defined 3D processes influencing currents in Cowes Harbour and its surrounds; 
 

▪ Sensitivity testing shows no clear benefit in adopting a 3D modelling approach in better 
representing the hydrodynamic regime of Cowes Harbour and its surrounds; 
 

▪ Modelling in 2D remains an acceptable simplification in this case, noting that there are 
always some 3D properties to consider in marine environmental conditions. In cases 
where the 3D signal is not fully developed (e.g. no permanent stratification through the 
water column nor strong deviations in directional flow over depth across the area of 
interest or through all periods of tide) then 2D approximations based on a typical bed 
resistance profile are likely to remain a valid approximation, as in most shallow water 
cases; 
 

▪ The advantages of remaining with the 2D simplification for cost and programme are 
considered to outweigh any benefit of opting for 3D, noting that 3D may only lead to 
higher levels of uncertainty because there is no strongly developed 3D signal to 
calibrate against; 

 
The application and interpretation of a 2D or 3D model will always need to reflect on residual 
uncertainties between predicted and observed values.  This skill will be provided by the 
experienced modeller.  
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7. Abbreviations 

 
2D Two-Dimension(al) 
3D Three-Dimension(al) 
ABPmer  ABP Marine Environmental Research Ltd 
ADCP Acoustic Doppler Current Profiler 
AWAC Acoustic Waves and Currents 
CHC Cowes Harbour Commission 
DHI Danish Hydraulic Institute 
DTU10 Danish Technical University (2010) Global Ocean Tide Model 
HW High Water 
LW Low Water 
M Mannings Coefficient of Roughness 
mb Millibar 
FM Flexible Mesh 
NRFA National River Flow Archive 
P90 90th percentile 
Q50 50th percentile of (river) discharge 
WGS84 World Geodetic System 1984 
UK United Kingdom 
 
 
Cardinal points/directions are used unless otherwise stated. 
 
SI units are used unless otherwise stated. 
 
Conversion of speeds:  
 
▪ 1 m/s equals 1.94 knots. 
▪ 1 knot equals 0.54 m/s 
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