Cowes Outer Breakwater
Hydrodynamic regime 2005 and 2014

ABP Marine Environmental Research Ltd
May 2016

Page intentionally left blank

Cowes Outer Breakwater
Hydrodynamic regime 2005 and 2014

May 2016

Cowes Outer Breakwater

ABP Marine Environmental Research Ltd

Document Information
Document History and Authorisation
Title
Commissioned by
Issue date
Document ref
Project no

Cowes Outer Breakwater
Hydrodynamic regime 2005 and 2014
ABP Marine Environmental Research Ltd
May 2016
R.2556
R/4237/1

Date

Version

Revision Details

02/12/2015
12/02/2016
20/05/2016

1
2
3

Validation of 2005 Hydrodynamic Model
Comparison of hydrodynamics for different periods
Summary amended

Prepared (PM)

Approved (QM)

Authorised (PD)

G Osborn

D Lambkin

W Cooper

Suggested Citation
ABPmer, (2016). Cowes Outer Breakwater, Hydrodynamic regime 2005 and 2014.
A report produced by ABPmer for ABP Marine Environmental Research Ltd, May 2016.

Contributing Authors
M Dawson

Notice
ABP Marine Environmental Research Ltd ("ABPmer") has prepared this report in accordance with the client’s instructions, for the
client’s sole purpose and use. No third party may rely upon this document without the prior and express written agreement of
ABPmer. ABPmer does not accept liability to any person other than the client. If the client discloses this report to a third party,
it shall make them aware that ABPmer shall not be liable to them in relation to this report. The client shall indemnify ABPmer in
the event that ABPmer suffers any loss or damage as a result of the client’s failure to comply with this requirement.
Sections of this report may rely on information supplied by or drawn from third party sources. Unless otherwise expressly stated
in this report, ABPmer has not independently checked or verified such information. ABPmer does not accept liability for any loss
or damage suffered by any person, including the client, as a result of any error or inaccuracy in any third party information or for
any conclusions drawn by ABPmer which are based on such information.
All content in this report should be considered provisional and should not be relied upon until a final version marked ‘issued for
client use’ is issued.
All images copyright ABPmer apart from front cover (wave, anemone, bird: www.oceansedgephotography).
ABP Marine Environmental Research Ltd
Quayside Suite, Medina Chambers, Town Quay, Southampton SO14 2AQ
T: +44 (0) 2380 711844 W: http://www.abpmer.co.uk/

ABPmer, May 2016, R.2556

|i

Cowes Outer Breakwater

ABP Marine Environmental Research Ltd

Executive Summary
Following the partial construction of the Cowes Outer Breakwater in 2014, a difference has become
apparent between the (presently) observed and originally (modelled in 2005) predicted current
conditions. In particular, since the breakwater construction, a short period of the flood tide currents
are favouring the Eastern Channel into Cowes Harbour rather than the Western Channel, resulting in a
relatively stronger cross-harbour current in the two hour period prior to high water. This feature is
most apparent during spring tides.
This report first examines the how changes in bathymetry during this period may have affected tidal
flows at Cowes. The report also considers how changes in a range of environmental conditions within
the Solent and wider area may have affected tidal flows at Cowes. In order to enable this investigation
the latest numerical model with regional boundaries has been amended to include bathymetry for the
2005 period. The details and validation of this new, 2005 version of the model, are also described.
The findings of the modelling investigation show that;



The tidal pattern within Cowes Harbour is sensitive to relatively small changes in bathymetry
and tidal signature; and
The changes in bathymetry only partially explain the differences identified in cross-harbour
current after the construction of the Outer Breakwater and are not the main reason for this
difference.

Alternative explanations for these observed differences in flow are also examined, including further
consideration of the previous modelling undertaken in 2005 and the relative performance and
advantages of the new modelling in comparison to the old.
The use of a regional scale model has provided a number of advantages to the present study.
However, with regard to the simulation of contemporary tidal patterns within the harbour, the results
of the new and old models have effectively been repeated. The time span over which the results from
the new model remain valid or the level of uncertainty of long term predictions cannot be directly
determined, as the new model does not accurately simulate the tidal signature for 2005 as measured
by Titan at the Site S1 in 2005 and alternative comparative data is not available.
The conclusion at this time is that there are a number of possible explanations for the differences in
tidal conditions including, a change in the long term tidal signature associated with the 18.6 year
nodal cycle, or a discrepancy in the original measured data. These possible explanations provide
plausible reasons for the old model not representing the cross-harbour flows, and for the new model
not being able to accurately reproduce the tidal signature measured at S1 under 2005 conditions.
Other explanations may also be contributing, but probably with a lesser influence.
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Introduction

Following the partial construction of the Cowes Outer Breakwater, ABP Marine Environmental
Research Ltd (ABPmer) was commissioned by Cowes Harbour Commission (CHC) to develop an
updated, robust numerical simulation tool (tidal model) for Cowes Harbour. Now fully completed, the
new model has enabled 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 construction and performance details of the regional and local aspects of the new model
(hereafter ‘the new model’ or ‘the model’) are reported separately in:



English Channel Regional Model Calibration (ABPmer, 2015a); and
Cowes Local Model Calibration (ABPmer, 2015b)

The overall extent and regional scale bathymetry of the new model are shown in Figure 1

Figure 1.

Extent of the new model and regional bathymetry
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This report uses the new model to compare and contrast the hydrodynamic regime of the Solent
(potentially affecting currents at Cowes) in 2005 and 2014, the two periods when measured data are
available for model validation in the vicinity of Cowes Harbour.

1.1 Background
Cowes Harbour Commission (CHC), with the Homes and Communities Agency, is presently
undertaking a programme of marine works as part of a multimillion pound regeneration scheme at
East Cowes, Isle of Wight. The original design and related Environmental Impact Assessments were
informed by a previous modelling study, undertaken by ABPmer, completed in 2005 and reported in
ABPmer (2007 and 2009). The model developed in the original modelling study (hereafter ‘the old
model’) was calibrated and validated using locally measured data for the baseline situation (2005
bathymetry and tides, without the breakwater in place) and was used to simulate patterns of tidal
currents with and without the various proposed breakwater designs in place.
Following the partial completion of the Cowes breakwater in 2014 (the first of four planned marine
components in the development), a difference has become apparent between the (presently)
observed and originally (modelled in 2005) predicted current conditions. In particular, since the
breakwater construction, the flood tide currents are favouring the eastern channel into Cowes Harbour
rather than the western channel, resulting in a relatively stronger cross-harbour current in the three
hour period prior to high water. This feature is most apparent during spring tides.
At the time of its development, the old model was subject to an external peer review by HR
Wallingford on behalf of Natural England as a part of the Environmental Impact Assessment approval
process. This review did not identify any particular concerns about the hydrodynamic model. A
subsequent and more recent external review of the modelling studies was also undertaken by G.
Mitchell and R. J. Sobey (Mitchell & Sobey, 2015). In this review, whilst the choice of modelling
software and model resolution was accepted, some concerns were expressed over the limited size of
the model domain and the provision of correct boundary conditions for this domain.
In response to the subsequently observed difference in the expected patterns of currents, the old
model was internally audited again by ABPmer in 2014 (ABPmer, 2014a), which did not find any
relevant concerns with the hydrodynamic model setup. ABPmer (2014a) did, however, identify
potential natural changes in the local and near regional current conditions over the period 2005 to
2014 which could be a reason for the differences identified in the cross-harbour current. These
potential differences were examined further and reported in a data review report (ABPmer, 2014a).
The new model, constructed in 2015, allows more direct comparison of the tidal regimes for 2005 and
2014 as it can simulate representative tidal processes in both time periods whilst also taking account
of any changes in locally observed bathymetry in the intervening period. The changes that have
occurred within the intervening period have included the natural movement of Prince Consort Shoal
and Bramble Bank and also various development interventions for example dredging, both inside and
outside of the harbour area, and shore side developments at Venture Quays. This model has also
been independently reviewed by HR Wallingford (HR Wallingford, 2015) who generally concluded that
the local (Cowes) model was fit for purpose.
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1.2 Study Objectives
The primary aims of this study are to use the new model to identify and help better understand
potential differences in the hydrodynamic regime of Cowes Harbour in 2005 and 2014, and how any
differences that are identified might influence the remaining proposed developments in Cowes
Harbour. This understanding will provide more confidence in the longer term performance of the
consented scheme, or any potential amendments to that scheme. The particular focus of this study is
the cross-harbour flow in the three hours prior to high water, particularly on larger (spring) tides when
this feature appears to be most evident.

1.3 Implementation of Objectives
This study builds upon the work already undertaken to construct, calibrate and validate the new
model for the purposes of simulating tidal currents in Cowes Harbour and the adjacent areas of the
Solent (ABPmer 2015a and b). The new model incorporates the most recent available bathymetry (up
to 2014 in the vicinity of Cowes Harbour and Approaches), and is calibrated and validated for a period
in November and December 2014 (post construction of the Cowes Breakwater core), when a
combination of mobile and static current profile survey data were collected in and around Cowes
Harbour. The new model (‘2014 setup’) has been compared to the results from a separate new model
using 2005 bathymetry and tidal boundaries (‘2005 setup’).
The study objectives were implemented in a number of discrete stages as follows;
a) Construction of the new model (2005 setup) by substitution of time appropriate bathymetry
for the Solent and Southampton Water, and configuration of the open sea tidal water level
boundary to simulate 2005 tidal conditions;
b) Validation of the model using 2005 boundary conditions by comparison with measured water
levels at locations close to the open boundaries (Devonport and Whitby) without any
recalibration of the model. This is to quantify any difference in the model boundary
performance between the two periods and that the 2005 model is of a similar quality to the
calibrated period of 2014;
c)

Comparison of tidal water levels and currents within the Solent and at Portsmouth, for the
2005 and 2014 periods.

d) Comparison of tidal currents within the harbour area, for the 2005 and 2014 periods.
e) Comparison of tidal currents for similar sized tides, for the 2005 and 2014 periods.

ABPmer, May 2016, R.2556

|3

Cowes Outer Breakwater

2

ABP Marine Environmental Research Ltd

Model Setup

2.1 2014 Model Setup
The setup, calibration and validation details of the new model (2014 setup, hereafter ‘the 2014 model’)
are reported separately in the Cowes Regional and Local Model Reports (ABPmer, 2015a and b). The
baseline condition chosen for the model construction and subsequent calibration is November 2014,
coincident with the ABPmer tidal current survey in and around Cowes Harbour. At that time, the
Cowes Outer Breakwater was partially completed, with the initial placement of breakwater core
material completed but the breakwater armouring scheduled for completion during the summer of
2015. The partially completed breakwater largely represents the finished form of the breakwater, with
only minor distortion of the designed breakwater profile having occurred due to settlement and the
effect of wave action.
The most recently collected bathymetry was used, including high quality data for Cowes Harbour and
the local area, including Prince Consort Shoal and Bramble Bank.

2.2 2005 Model Setup
In order to evaluate tidal behaviour for the earlier 2005 period, a modified version of the new model
was created (2005 setup, hereafter ‘the 2005 model’). The period chosen for the comparison was
15 February 2005 to 30 March 2005, coincident with the Titan tidal current survey in and around
Cowes Harbour.
Tidal water level predictions for 2005 for the two open sea boundaries were obtained using the global
tidal constituent model DTU10, i.e. using the same data source and method as the 2014 model. The
boundary data were extracted at the same locations in the North Sea and English Channel and have
the same temporal resolution as the 2014 model.
Bathymetry for the 2005 model was collated from both private and publicly available data sets.
Information on the data sources and methodology used is provided in Appendix A. The initial version
of this model does not include the Cowes Outer Breakwater.
All other model parameters are consistent with the 2014 model.
Figure 2 to Figure 4 show the difference in the model’s bathymetry between the 2005 and 2014 model
setups.
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Difference in model bathymetry between the 2005 and 2014 models around the
Isle of Wight and the Solent (red = shallower, blue = deeper)

Some areas of bathymetry, remote from the main area of interest, may be derived for the same
(pre 2005) data source and therefore do not provide a true representation of any changes in
bathymetry that may have occurred in the period. For example, the area within Chichester Harbour
does not have a contemporary data source on which to provide a comparison for the 2014 dataset.
The more recent datasets may also provide improved resolution and are therefore able to resolve
seabed features not previously identified in the older datasets. The resolution of the model varies
across the domain and the differences identified are based on the model resolution, rather than the
original survey.
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Difference in model bathymetry between the 2005 and 2014 models in the central
Solent (red = shallower, blue = deeper)

In the Solent, there are variable areas of deepening and shallowing, with a general trend for
shallowing of the northern shore of the western Solent.
In the central Solent, there are again variable areas of deepening and shallowing, and the channel
deepening carried out by ABP is clearly visible in Southampton Water. The Bramble Bank and Ryde
Middle Bank have altered position slightly in the period 2005 to 2014.
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Difference in model bathymetry between the 2005 and 2014 models in the vicinity
of Cowes Harbour (red = shallower, blue = deeper)

In the vicinity of Cowes Harbour there is a movement of the sandwaves forming Prince Consort Shoal,
although there is no clear trend in terms of shallowing or deepening. The most significant change in
the vicinity of Cowes Harbour is shallowing of up to 4 m in the near-coastal zone outside the Harbour
to the east at Egypt Point and west at Old Castle Point. There is an abrupt difference in the shallowing
at the boundaries of bathymetry Areas SA1 and SA2 (see Appendix A for further details of the data
sources used). This is likely the result of a change in bathymetry data set used (to a higher resolution
dataset) to create the model bathymetry at these locations in the 2014 model, compared to the 2005
model. This uncertainty should be noted when interpreting results from the modelling.
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Comparison of Tidal Water Levels

Before undertaking any evaluation of potential changes within the Solent, the relative performance of
the 2005 and 2014 models was evaluated close to the open (tidal water level) model boundaries. The
simulation results are compared with tidal water levels (informed by tidal gauge data) at Devonport
(near to the open boundary in the English Channel) and Whitby (near to the open boundary in the
North Sea). The assessment and comparison of performance at the 2005 and 2014 model boundaries
is undertaken to provide confidence that similar levels of simulation accuracy can potentially be
achieved elsewhere in the model domain for the two time periods.
Observed water level records for these sites were obtained from National Tidal and Sea Level Facility
(NTSLF). The non-tidal residual component was removed to obtain the tidal part of the observed
signal. The observations were corrected to mean sea level from chart datum for comparison with the
model. To aid in the analysis of phase difference, all data were interpolated to a high temporal
resolution (one minute) using a cubic spline interpolation.
Comparisons of the relative magnitude of the modelled and observed tidal water levels are provided
in Section 3.1 and 3.2 as plots for approximately three spring-neap cycles in the 2005 and 2014
periods, including: the instantaneous difference in water levels; the difference in corresponding high
and low water peak levels; the range of individual flood and ebb tides; and the difference between
corresponding modelled and observed ranges (as a proportion of the observed range).
Comparisons of the relative timing (phase) of the modelled and observed tidal water levels are also
similarly provided, including: the phase difference between corresponding high and low water peaks;
and the duration of individual flood and ebb tides.
Three spring-neap cycles have been included in the period of comparison to enable consideration of
spring tides which follow both a New Moon and Full Moon. However it should be noted that each
tidal cycle, and the sequence of cycles, is unique, day to day, month to month, and year to year.

3.1 Locations Close to the Model Boundaries
3.1.1 Devonport (English Channel Open Boundary)
The results of the tidal water level analyses for Devonport are shown in Figure 5 and Figure 6 for the
2005 and 2014 models, respectively. The tidal phase comparisons for Devonport are shown in
Figure 7 and Figure 8 for the 2005 and 2014 models, respectively. These figures aim to demonstrate
the standard of performance of the 2005 and 2014 models at the south-western open boundary.
The maximum difference between the 2005 model and observed levels at Devonport, is less than 19%
of the observed range. The deviation of the modelled water levels from observations in 2005
(Figure 5) does not match the frequency of the spring neap cycle, suggesting a more complex cause
for the difference.
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Figure 5.

Devonport tidal water level model results and measured data, 2005

Figure 6.

Devonport tidal water level model results and measured data, 2014

By comparison, the 2014 model displays a similar, if slightly better, accuracy with values less than 15%
of the observed range. The majority of tides in both periods, 2005 and 2014, are within 10% of the
observed range. The difference in tidal range at the south-western boundary should be taken into
account when considering the results of the 2005 model run, i.e. the model simulation contains a
degree of uncertainty which will influence the model results in the area of interest around Cowes
Harbour.

Figure 7.

Devonport tidal phase model results and measured data, 2005
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Devonport tidal phase model results and measured data, 2014

The accuracy of the new model in reproducing the tidal phase is similarly good for both 2005 and
2014, with the exception of 2005 neap tides where the modelled values lag behind the observed
values by up to 43 minutes on consecutive tides over a two to three day period. The difference in
tidal phasing at the south-western boundary should be taken into account when considering the
results of the 2005 model run, i.e. the model simulation contains a degree of uncertainty also with
regard to the phase of the tide which will also influence the model results in the area of interest
around Cowes Harbour.

3.1.2 Whitby (North Sea Open Boundary)
The results of the tidal water level analyses for Whitby are shown in Figure 9 and Figure 10 for the
2005 and 2014 models, respectively. The tidal phase comparisons for Whitby are shown in Figure 11
and Figure 12 for the 2005 and 2014 models, respectively. These figures aim to demonstrate the
standard of performance of the 2005 and 2014 models at the north-eastern open boundary.
Measured data for Whitby is not available for a period of several days, around the 12 December 2014.
The maximum difference between the 2005 model and observed levels is 14.5% of the observed range
with the majority of the tidal signal better than 5% of the observed range. By comparison, the 2014
model again has a similar level of accuracy with a maximum deviation of 11.2%, slightly better than
2005 values, but with slightly wider spread of values, with the majority of the tide within 10% of the
observed range.

Figure 9.

Whitby tidal water level model results and measured data, 2005
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Figure 10.

Whitby tidal water level model results and measured data, 2014

Figure 11.

Whitby tidal phase model results and measured data, 2005

Figure 12.

Whitby tidal phase model results and measured data, 2014

The accuracy of the new models in reproducing the tidal phase is good for both 2005 and 2014, again
with the exception of one set of 2005 neap tides where the modelled values lag behind the observed
values by up to 50 minutes on consecutive tides over a three day period. The corresponding period in
the 2014 record is not present for comparison due to a lack of measured data. Again, the overall
accuracy of the model in reproducing the 2005 tidal signature at Whitby is good.

ABPmer, May 2016, R.2556

| 11

Cowes Outer Breakwater

ABP Marine Environmental Research Ltd

3.2 The Solent
3.2.1 Portsmouth
The results of the tidal water level analyses for Portsmouth are shown in Figure 13 and Figure 14 for
the 2005 and 2014 models, respectively. The tidal phase comparisons for Portsmouth are shown in
Figure 15 and Figure 16 for the 2005 and 2014 models, respectively. These figures aim to
demonstrate the standard of performance of the model at the entrance to the Solent, and therefore
the performance of the models in translating the tidal signal from the open boundaries, to the Solent.
Water level records are available for other sites within the Solent, however the measured data for
Calshot and Cowes are incomplete or contain known errors during the period of interest.

Figure 13.

Portsmouth tidal water level model results and measured data, 2005

Figure 14.

Portsmouth tidal water level model results and measured data, 2014

The maximum absolute difference in simulation results and observations is slightly less in 2005 than
2014, -12.1% in 2005 compared to -14% in 2014. However, the overall standard is very similar with
the majority of modelled values within 10% of observed data for both periods.
The relatively large phase differences at this site can be partially attributed to the double high waters
that are present in the tidal signal, meaning that small changes in the shape of the tide around high
water can result in a distorted view of overall tidal phase accuracy.
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On first inspection, the tidal phase differences in model performance for 2005 is lower than 2014.
However, the differences in performance are most significant for neap tides when tidal ranges are
small and the 2005 period of data contain smaller tidal ranges than that in 2014. Model performance
for spring tides is broadly similar.

Figure 15.

Portsmouth tidal phase model results and measured data, 2005

Figure 16.

Portsmouth tidal phase model results and measured data, 2014

3.3 Summary of Water Level Comparisons
The 2005 model has a slightly poorer level of performance at the south-western model boundary
compared to the 2014 model, both in reproduction of tidal ranges and of tidal phasing. Conversely,
the performance of the model at the north-eastern boundary is better for the 2005 model in terms of
tidal water level reproduction, and similar for tidal phasing.
The 2005 model reproduces Portsmouth tidal ranges well, and with improved accuracy compared to
the 2014 model, with the majority of modelled values within 10% of the observed data. Phase
differences are higher in 2005 for neap tides, when tidal ranges are smaller. The significance of this
difference may be limited, as the focus of the study is when the tidal currents reach a maximum on a
spring tide. However the tidal phase difference, particularly at Portsmouth, does represent the limits
of the models accuracy in reproducing the important tidal features at Cowes, including the Young
Flood Stand. Further analysis of measured water level data, and the differences between these two
periods are presented in a data review report (ABPmer, 2014a).
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Comparison of Tidal Currents

A comparison of the tidal currents predicted by the 2005 and 2014 models of Cowes Harbour, and
surrounds, has been carried out to ascertain whether the observed hydrodynamic changes have been
caused by the changes to bathymetry, or changes to tidal conditions outside of Cowes.
An initial comparison of modelled tidal currents against a single point of measured data is presented
in Section 4.1 to confirm the general performance of the model for 2005 tidal conditions. The point
used for this comparison, represents the best measured data source for the 2005 period and is located
outside the Cowes Harbour area.
The differences in tidal current patterns between the two periods are then considered in Section 4.2
for:



Identical tides with different bathymetry; and
Similar tides, with the same bathymetry.

A more detailed comparison and analysis of specific tidal features is presented in Section 4.3

4.1 Comparison of Tidal Current Time Series
Location specific comparisons of the 2014 model results with observed currents from a survey
undertaken in 2014 are reported in the model calibration report (ABPmer, 2015b).
The exact locations surveyed in 2005 were not re-surveyed during the 2014 survey campaign, meaning
the relative performance of the two models against observed data cannot be directly compared at any
particular location. Figure 17 presents the comparison of modelled and (2005) observed current
speeds at Site S1 in the 2005 model. S1 is located in the approaches to Cowes Harbour, as shown
later in Figure 61.

Figure 17.

Comparison of 2005 Measured and Observed Current Speeds at Site S1

Figure 17 shows that peak flood and ebb current speeds are captured well by the model. The largest
differences between the model and observed current speeds are associated with the change in
direction of the tide outside the harbour (around one hour before high water) during the second part
of the flood (currents from East to West outside the harbour). This difference is not visible in this
figure but further consideration of this difference in current speed, at this specific time in the tide, is
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provided in Section 4.3. With the exception of this two hour period before high water, the
reproduction of tidal currents is of a similar standard to that observed for the 2014 calibration period.

4.2 Comparison of Tidal Current Patterns
Two baseline runs were created which represent the scenario as observed in 2005 and 2014


Run 1. The model contained bathymetry and tidal forcing representative of that observed in
2005, and does not have the breakwater present. Details of this model can be found in
Section 2.2.



Run 2. The model contained bathymetry and tidal forcing representative of that observed in
2014, and has the sand core of the breakwater present. Details of this model can be found in
ABPmer, 2015b.

Further to this four more model runs were created:





Run 3. The model bathymetry was based on the 2014 bathymetry data set. The breakwater
was not present. The model contained 2005 tidal forcing;
Run 4. The model contained 2005 bathymetry and 2014 tidal forcing;
Run 5. The model bathymetry was based on the 2014 bathymetry data set. The breakwater
was not present. The model contained 2014 tidal forcing, and;
Run 6. The model contained 2014 bathymetry (including the breakwater) and 2005 tidal
forcing.

A schedule of model runs is provided in Table 1
Table 1.
Purpose
Comparison of
Bathymetry

Comparison
of Tides

Model run schedule
Run Number
Run 1 (2005 baseline)
Run 3
Run 4
Run 5
Run 2 (2014 baseline)
Run 6

Bathymetry
2005
2014
2005
2014
2014
2014

Tides
2005
2005
2014
2014
2014
2005

Breakwater
Not Present
Not Present
Not Present
Not Present
Present
Present

To understand how hydrodynamic conditions within Cowes Harbour may have responded to changes
in bathymetry alone between 2005 and 2014, two comparisons were made. The first compared a
model using 2005 bathymetry with a model using 2014 bathymetry; both runs were forced with 2005
tidal boundaries (Run 1 and Run 3). The second compared a model using 2005 bathymetry with a
model using 2014 bathymetry, with both models forced by 2014 tidal boundaries (Run 4 and Run 5).
Both of these comparisons are aimed at ascertaining what changes to the hydrodynamic regime at
Cowes (if any) can be attributed to changes in bathymetry alone.
To understand how hydrodynamic conditions within Cowes Harbour may have altered in response to
changes in tidal conditions outside of Cowes Harbour, the outputs of two model runs (Run 2 and Run
6) were compared, both using 2014 bathymetry and the breakwater; one being forced with 2014 tidal
boundaries, and the other with 2005 tidal boundaries. This comparison is aimed at ascertaining what
changes to the hydrodynamic regime at Cowes (if any) can be attributed to changes in tidal forcing
from outside the Solent alone.
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Where models using the same tidal boundaries are compared, the same tide from each model run was
used. For the 2014 model boundaries, this tide was the same tide as that used for the 2014 model
calibration (ABPmer, 2015a and b). For the 2005 model boundaries, the tide (date) used for
comparison was the same as that used for the calibration of the old model (ABPmer, 2007).
Where model boundaries were not from the same year (i.e. where 2005 and 2014 model runs were
compared), two tides were chosen which approximated to a mean spring tide (at Portsmouth, the
nearest Standard Tidal port in the Solent). The modelled tidal range at Portsmouth at each tide was
compared to the mean spring range at Portsmouth (constant red line in Figure 18). Tides with ranges
representative of a mean spring range at Portsmouth were identified for the 2005 and 2014 run
period. These tidal ranges were compared to the observed tidal ranges to find the tide which was
most accurately represented (black line in Figure 18). For consistency the two tides chosen were from
the same stage of the spring neap cycle (moving from neaps into springs). Portsmouth was used for
this comparison as suitable measured data, against which to calculate the difference in modelled
values, is not available for Cowes.

Figure 18.

Analysis of tidal signal at Portsmouth for 2005 and 2014

The final tides chosen for comparison had high waters occurring in Cowes Harbour at 26 March 2005
23:00 for the 2005 model run and 23 November 2014 10:30 for the 2014 model run.
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Comparison of Non-Coincident Tides
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Figure 19.

Comparison of two spring tides from 2005 and 2014

The two tides are normalised relative to HW at Cowes and plotted with a standardised x axis in
Figure 19. The first 6 hours of the two tides match closely. The 2014 high water is 0.11 m greater than
the 2005 high water however the ranges of the two tides are within 0.06 m of each other. After high
water, the 2005 model water level starts to fall earlier and is then consistently lower (relative to high
water) than that of the 2014 model. The rate of change in water level (i.e. the slope of the falling water
level in the plot) is, however, similar.
The comparison made above, is only valid for the selected tides, as every tide is unique. Normalising
tides relative to high water is inherently uncertain, and particularly so for Cowes, where the double
high water complicates the identification of the correct time of high water. For example, other tides in
the spring, neap sequence may provide a better fit for the Ebb tide.

4.2.1 The Influence of Bathymetry with 2005 Tidal Conditions
Figure 20 to Figure 32 provide hourly current vector plots comparing the output of model Runs 1 and
3 (see Table 1), i.e. 2005 bathymetry without the breakwater versus 2014 bathymetry without the
breakwater, respectively. Both models are forced with 2005 tidal boundaries. The colour map
indicates the difference in local current speed between the two model scenarios. Vector arrows
showing the coincident local current speed and direction from both model runs are also provided.
The purpose of this series of plots is to demonstrate how the hydrodynamic conditions at Cowes
Harbour have changed as a result of changes to locally observed bathymetry alone.
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 20.

Difference in tidal currents at HW-6 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 21.

Difference in tidal currents at HW-5 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 22.

Difference in tidal currents at HW-4 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 23.

Difference in tidal currents at HW-3 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides

ABPmer, May 2016, R.2556

| 21

Cowes Outer Breakwater

ABP Marine Environmental Research Ltd

Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 24.

Difference in tidal currents at HW-2 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 25.

Difference in tidal currents at HW-1 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 26.

Difference in tidal currents at HW between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 27.

Difference in tidal currents at HW+1 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 28.

Difference in tidal currents at HW+2 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 29.

Difference in tidal currents at HW+3 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 30.

Difference in tidal currents at HW+4 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 31.

Difference in tidal currents at HW+5 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 32.

Difference in tidal currents at HW+6 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2005 tides
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Figure 20 to Figure 32 show that the model with 2014 bathymetry predicts some limited changes in
tidal flows at various stages of the tide, in comparison to the model with 2005 bathymetry, specifically:







Slower current speeds in the outer harbour (particularly between HW-1 and HW-2, and then
again at HW+2);
There is an increase in the speed of the eddy in the lee of the Shrape Breakwater at HW-2 and
HW-1. This change is associated with a very slight change in the direction of current flow
across the harbour;
There is an area of higher current speed over the Shrape mud, and slower current speed
immediately offshore of the Shrape mud, in the 2014 bathymetry model at HW+2 to HW+4;
and
Possibly the most significant difference occurs at HW+5, when there is a faster tidal stream
exiting the harbour with 2014 bathymetry.

Figure 33 shows an analysis of water flux at the Cowes Chain Ferry, suggesting that over a mean
spring tide a greater volume of water is moving in and out of the harbour in 2014 than in 2005, which
would corroborate the faster tidal stream exiting the harbour with 2014 bathymetry at HW+5 and may
be partially explain the changes in the speed of the eddy at HW-2. The apparent difference is
probably related to differences in bathymetry south of the Chain Ferry.
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Figure 33.

Flux (Absolute) exchange between Cowes Harbour and the River Medina at the
location of the Cowes Chain Ferry

4.2.2 The Influence of Bathymetry with 2014 Tidal Conditions
Figure 34 to Figure 46 provide hourly current vector plots comparing the output of model Runs 4 and
5 (see Table 1), i.e. 2005 bathymetry without the breakwater versus 2014 bathymetry without the
breakwater, respectively. Both models are forced with 2014 tidal boundaries. The colour map
indicates the difference in local current speed between the two model scenarios. Vector arrows
showing the coincident local current speed and direction from both model runs are also provided.
The purpose of this series of plots is to again ascertain whether the hydrodynamic conditions at
Cowes Harbour have changed as a result of changes to locally observed bathymetry alone, using an
alternative tide (date) for the comparison.
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 34.

Difference in tidal currents at HW-6 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 35.

Difference in tidal currents at HW-5 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 36.

Difference in tidal currents at HW-4 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 37.

Difference in tidal currents at HW-3 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 38.

Difference in tidal currents at HW-2 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 39.

Difference in tidal currents at HW-1 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 40.

Difference in tidal currents at HW between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 41.

Difference in tidal currents at HW+1 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 42.

Difference in tidal currents at HW+2 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 43.

Difference in tidal currents at HW+3 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 44.

Difference in tidal currents at HW+4 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 45.

Difference in tidal currents at HW+5 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Difference = [2014 bathymetry results] – [2005 bathymetry results]
Figure 46.

Difference in tidal currents at HW+6 between a model with 2005 bathymetry and a
model with 2014 bathymetry when forced by 2014 tides
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Figure 34 to Figure 46 reveal a generally similar pattern is shown with 2014 tides, to that identified
with 2005 tides as described in Section 4.2.1, with some amplification of the identified changes to
current speed, specifically;




Slower current speeds in the outer harbour (particularly at HW+3) compared to the 2005 tide;
A further increase in the speed of the eddy in the lee of the Shrape Breakwater at HW-2; and
Slight slower tidal stream exiting the harbour at HW+4 but then slightly faster tidal flows with
2014 bathymetry and 2014 tidal forcing at HW+5.

Overall, the patterns resulting from a change of bathymetry are very similar. Differences between
results obtained with 2005 and 2014 tidal forcing are less significant and are probably mainly due to
differences in shape of the two tides. They do however clearly illustrate that the harbour currents are
sensitive to small changes in tidal signature.

4.2.3 The Influence of Changing Tidal Conditions
Figure 47 to Figure 59 provide hourly current vector plots comparing the output of model Runs 6 and
2 (see Table 1), i.e. 2014 bathymetry with the breakwater and forced with 2005 tidal boundaries versus
2014 bathymetry with the breakwater and forced with 2014 tidal boundaries, respectively. The colour
map indicates the difference in local current speed between the two model scenarios. Vector arrows
showing the coincident local current speed and direction from both model runs are also provided
The purpose of this series of plots is to ascertain how the hydrodynamic conditions at Cowes Harbour
have changed as a result of changes to tidal forcing outside of the Solent alone.
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 47.

Difference in tidal currents at HW-6 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 48.

Difference in tidal currents at HW-5 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 49.

Difference in tidal currents at HW-4 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 50.

Difference in tidal currents at HW-3 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 51.

Difference in tidal currents at HW-2 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 52.

Difference in tidal currents at HW-1 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 53.

Difference in tidal currents at HW between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 54.

Difference in tidal currents at HW+1 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry

ABPmer, May 2016, R.2556

| 53

Cowes Outer Breakwater

ABP Marine Environmental Research Ltd

Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 55.

Difference in tidal currents at HW+2 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 56.

Difference in tidal currents at HW+3 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 57.

Difference in tidal currents at HW+4 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry

ABPmer, May 2016, R.2556

| 56

Cowes Outer Breakwater

ABP Marine Environmental Research Ltd

Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 58.

Difference in tidal currents at HW+5 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Difference = [2014 boundaries results] – [2005 boundaries results]
Figure 59.

Difference in tidal currents at HW+6 between a model with 2005 tidal forcing and a
model with 2014 tidal forcing when containing 2014 bathymetry
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Figure 47 to Figure 59 reveal the differences in tidal current patterns for the similar tides shown in
Figure 19, where it was noted that the tides are most similar prior to HW. The following changes to
the tidal patterns can be observed;










At HW-6, a stronger tidal stream is predicted by the model outside of Cowes Harbour;
At HW-2, stronger tidal currents are predicted to enter the harbour through the eastern
entrance, and continues until HW-1;
For the same period HW-2 to HW-1 there is a marked increase in current speeds along the
western shore of Cowes Harbour. During this period there is a slight increase in current
speeds of up to 0.1 m/s in the area between the western entrance and the Main Fairway;
During later stages of the tide (after HW) little difference in currents is predicted, although
some local increases in current speed in the immediate lee of the outer breakwater are
predicted;
At HW+6 the tidal current pattern shows some differences with the 2014 tidal input. This may
be caused by a phasing difference in the turning of the tide between the two tidal inputs.
There is a shift in current patterns in the Main Fairway at around low water, with an area of
high current speed to the east, and lower current speed to the west of the Main Fairway; and
There are some local changes to current patterns around Prince Consort Shoal but these are
localised and do not show any clear trend.

Overall, the patterns resulting from different tides (of different dates) are very similar. Differences
between results are expected as a result of differences in tidal range and level for the two periods.
They do, however, illustrate again that the harbour currents are sensitive to small changes in tidal
signature particularly in the two hour period before high water.

4.3 Further Comparison of Tidal Currents
Further comparison and analysis of specific tidal features are considered, first for the harbour area and
then for selected locations outside of the new Outer Breakwater.

4.3.1 Cross-Harbour Current
As outlined in the background information for this report in Section 1.1, the primary focus of the new
modelling study has been to understand the difference between the (presently) observed and
originally (modelled in 2005) predicted current conditions. In particular, since the breakwater
construction, the flood tide tidal currents are favouring the eastern channel into Cowes Harbour rather
than the western channel, resulting in a relatively stronger cross-harbour current in the two or three
hour period prior to high water, with an associated change in current direction adjacent to West
Cowes.
The magnitude of this difference in cross-harbour current is perhaps best illustrated by the current
speed measured in the middle of the new Eastern Entrance to the harbour (formed by the gap
between the new breakwater and the Shrape Breakwater), Site 13 of the 2014 survey (reported in
ABPmer, 2015c).
Figure 60 shows a comparison of current speeds from Site 13 as measured in 2014 and as predicted
by the new and old models for 2005. The position of the AWAC data Site 13 is shown in Figure 61.
This is the location from which the noted cross-harbour flow feature originates. The new model and
the observations both suggest a period of increased current speed in the period between two hours
before high water and high water, where the old model is unable to fully replicate this feature.
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Comparison of cross-harbour current speeds (Site 13)

Understanding why the old model unable to fully reproduce this feature requires a wider
consideration of the tidal currents immediately outside the harbour area, which are considered in the
following section.

4.3.2 Tidal Currents Outside Cowes Harbour
Figure 61 shows the locations of the various measured data sources available to support an
understanding of the tidal currents outside of the new breakwater, together with the results now
available from the new model. Site S1 was used to collect data in 2005, with Sites X and Y used during
the 2014 (post breakwater) surveys.
On a spring tide, the tidal currents offshore of Cowes flow eastwards until approximately 3 hours
before high water, prior to the young flood stand. After this time, the balance of tides changes at
Cowes, with tidal flows moving westwards with increasing strength by approximately 2 hours before
high water. Tidal flows reduce in strength around high water but continue flowing to the east until
approximately 5 hours after high water. The pattern and timing of flows changes for different areas of
the Solent and distance from Cowes but the measured data collected in March 2005 at S1 is a
reasonable representation of the timing of flows adjacent to Cowes Harbour as they are understood
now. The magnitude of the current velocity, particularly for the critical period between the young
flood stand and high water, is determined by the balance of tides, and it is in this period that the flows
have apparently increased since 2005.
The old model, constructed in 2005 (reported in ABPmer, 2007), used a local extent (after exploring a
regional modelling option) with the open, offshore, boundaries defined by the balance of the local
Solent tides. The open western and eastern boundaries to the model were driven using a current field
partially derived from the survey data collected at Site S1 (ABPmer, 2007). The open northern
boundary was partially derived from data at S1 and S2. On the basis of information provided in
Webber (1981), these boundaries assumed a plane current field that acted parallel to the shoreline of
the north coast of the Isle of Wight. Whilst some detail of the flows at the boundaries where
simplified, in the absence of additional survey information this simplification provides a reasonable
representation of the flows at the entrance to Cowes Harbour. The product of the three open flux and
water level boundaries enabled the correct reproduction of water levels at Cowes and the
reproduction of observed flows and directions at a number of sites across the Outer Harbour.
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Locations of measured data

Whilst the performance of the old 2005 model was calibrated and validated against a number of these
sources, the data derived from Site S1 was the most significant in defining the (east west) current field
and for this reason understanding potential changes at this location is a useful measure of the
changes outside the breakwater that have occurred in the period since 2005.
The results of the new model show an eddy feature acting offshore of Cowes Harbour in the period
between two hours before high water to high water (e.g. as can be seen in the upper image in Figure
25). The position and magnitude of this feature has been found, during the calibration process, to be
sensitive to changes in the balance of tides in the Solent (differences between spring and neap tides
for example) and also to bathymetry in the area between the Royal Yacht Squadron and Egypt Point.
Potential changes to bathymetry in these areas were identified in Figure 4. The position and
magnitude of this feature has also been found to strongly control the currents entering Cowes
Harbour past the new breakwater through the Eastern Entrance in the two hour period before high
water. Because changes in the location and behaviour of this eddy feature could be responsible for
wider changes in current patterns, this feature and the associated changes tidal current, were
investigated further.
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It is possible that this offshore eddy feature may have changed its general location over time and that
the position of S1 relative to the eddy feature has altered resulting in reduced current speeds for the
specific period of interest, two hours before high water. To investigate the potential change in tidal
currents that might result from a change in eddy location, a range of alterative data points were
extracted for positions around S1.
The calibration of the new model reported in ABPmer, 2015b at Site Y (Eastern Entrance) and in
particular the calibration of current directions, suggests that the new model correctly reproduces this
feature for 2014. We note here that the centre of this offshore eddy feature is south of the northern
boundary of the old model, such that only half of the feature would be expected to be included in the
old model. As such the assumption that a plane current field that acted parallel to the shoreline
adjacent to Cowes Harbour remains reasonably valid.
Figure 62 shows a comparison of the current speed from the model at Site Y (Eastern Entrance) and
Site S1, for Run 1 and Run 4. The purpose of this comparison is to show the differences in the pattern
of currents between Site S1 (from which the boundaries for the old model were derived), and Site Y,
which is along broadly the same boundary line, but may experience a different current regime during
the period of two hours before high water and up to high water owing to its differing position relative
to the offshore eddy feature.

Figure 62.

Time series of current speeds at Site Y (Eastern Entrance) and Site S1 for a model
with 2014 tidal forcing and a model with 2005 tidal forcing, both using 2005
bathymetry (Run 1 and Run 4)

The plots show that the current speed profiles for these two sites are near identical from LW to HW-2
and are of a similar shape for the remainder of the tide with approximately 60% slower current speeds
for the remainder of the tide. Whilst there are some differences in the current regime at these two
positions (order of 0.4 m/s maximum difference), they are not enough to account for the observed
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differences in cross-harbour flows within Cowes Harbour which occur at HW-2. Data extracted from
the model for intermediate positions between S1 and Y and for positions to the west of S1, show the
same trend.
A previous report (ABPmer, 2014b) noted an increase in the current speeds in 2014 as compared to
those measured in 2005, at Site S1 over the 2 hours preceding high water, was noteworthy. It is
hypothesised in the previous report that the difference in cross-harbour flow experienced in 2014 is
due to the difference in current speeds at this critical period as recorded at S1.
Data presented in that report has been reproduced in Figure 63 together with the new model results.
It can be seen in Figure 63 that the results from the new model are nearly identical for the two
periods, i.e. the changes in bathymetry between 2005 and 2014 have very little effect on the current
speed at Site S1. There is a relatively large current speed gradient at this general location (S1), i.e. a
position slightly further inshore or offshore from S1 has a different current speed profile as the
distance from the centre of the current eddy increases or decreases. This is illustrated by the
measured data collected for two points which are approximately 150 m west of S1 but further inshore
(S1 South) and offshore from S1 (S1 North), the positions for which are as shown in Figure 61. The
results from these sites are also displayed on the graph in Figure 63.

Figure 63.

Comparison of current speeds at S1

It can be seen in Figure 63 that S1 North (S1_N) has a higher peak in current speed both at HW-1 and
HW+1 Hours. The current speed at S1 South (S1_S) is similar in shape but generally slower at the
inshore location. This general trend is repeated in the results extracted from the model.
The difference in current speeds (2005 to 2014) over this two hour period prior to HW, as recorded at
S1 have therefore shown not to result from either;




Introducing the 2005 bathymetry and tidal forcing into the model;
A change in the relative position, east or west, of the current eddy recirculation; or
A change in the relative position, north or south, of the current eddy recirculation.
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This suggests that the S1 survey dataset may be the outlier in the period around one or two hours
prior to high water, or that the difference in flow is due to some other influence and not as a result of
the change in bathymetry.
The plots in Figure 20 to Figure 59 suggest that some differences can be attributed to the changes in
bathymetry within the wider Solent and the tidal regime outside the Solent, however, again these are
relatively small in comparison to the reported differences in cross-harbour current speeds inside
Cowes Harbour.
Figure 52 shows that very slight changes in the angle of approach of the currents approaching
through the eastern entrance between the Shrape and new breakwaters can have large effects on the
currents adjacent and parallel to the western shore of Cowes Harbour. This sensitivity is due to the
fact that the current direction is almost perpendicular to the western shore of Cowes and so slight
deviations in approach angle can make a difference in the proportion of the current being diverting
north or south at this location.
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Conclusion

Following the partial construction of the Cowes Outer Breakwater in 2014, a difference has become
apparent between the (presently) observed and originally (modelled in 2005) predicted current
conditions. In particular, since the breakwater construction, the flood tide currents are favouring the
Eastern Channel into Cowes Harbour rather than the Western Channel, resulting in a relatively
stronger cross-harbour current in the two hour period prior to high water. This feature is most
apparent during spring tides.
The construction of the new (unarmoured) Outer Breakwater has increased the cross-harbour current
speeds (Site 13) by approximately 15%, for 2014 tides, at their peak value. The increased current
speed occurs in the two hour period before high water, reaching its peak approximately one hour
before high water. The new model reproduces these 2014 tidal current speeds well, as was
demonstrated in the Cowes Local Model Calibration Report (ABPmer, 2015b). The difference in flow
speeds resulting from the addition of the breakwater for this period prior to high water is illustrated in
Figure 64.
The previous (old) model predicted a higher proportional increase in cross-harbour current speeds,
approximately 27%, for 2005 tides, for the same period before high water (ABPmer, 2014c). However,
the previous prediction of cross-harbour flow in 2005 is less that experienced in 2014. This study has
examined the differences and possible causes for these differences in tidal conditions between these
two periods, predicted and measured.
The difference in tidal current speed between the two periods is best illustrated by the measurements
recorded at S1 in 2005, and those either measured in 2014 at Sites S1 North, S1 South and Y or the
tidal current at S1 as predicted by the new model.
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Difference in tidal currents at HW-1 between a model with, and a model without
the Outer Breakwater, with 2014 tidal forcing and 2014 bathymetry
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5.1 Explanation for Differences in Tidal Conditions
A number of possible causes have been hypothesised which may explain wholly or partially the
reasons for the differences in tidal conditions:







A change or periodic modification in the long-term tidal signature corresponding to the lunar
nodal cycle, resulting in a change to local flow conditions;
Changes to the local bathymetry in the Solent or Southampton Water;
An error or discrepancy in the original measured data;
Choice of data measurement locations;
Use of a local model with associated assumptions regarding the boundary conditions;
Limitations of the modelling technology or approach and the inherent assumptions the
process contains

Each of these possible causes are considered in the following sections

5.1.1 Change of Long-Term Tidal Signature
Changes or periodic modification in the long-term tidal signature at a global scale may result in
atypical behaviour at a local scale.
The shape of the tidal curve in The Solent is atypical.
There are well known and named features in this atypical tidal curve, particularly on larger spring tides,
including; Young Flood Stand, double high water and a short duration ebb tide.
The explanation of the double high water feature has remained the subject of ongoing technical
debate for decades, with a difference of opinion between this phenomenon being related to two
entrances to the Solent, or not. However, the generally accepted (contemporary) view is this an
external “oscillation” in tidal behaviour is already formed in the English Channel and is evidenced in
the observed tidal records between Portland to Littlehampton, in some manner (i.e. double low waters
at Portland and double high waters at Littlehampton).
There is, however, general understanding that the two entrances to the Solent (east and west
approaches at Portsmouth and Hurst) combine to create the unique feature known as the Young
Flood Stand, which is an internal “oscillation” unique to Southampton Water. This feature is most
evident during spring tides.
The Young Flood Stand forms as a consequence of the differential in tidal range between the
entrances to Eastern and Western Solent approaches as well as a less pronounced difference in tidal
phase. The flood tide builds in Southampton Water from an initial low water position with a tidal
wave which commences from the Western Approaches and through the narrow at Hurst Spit. In
comparison to Eastern Approaches, the tidal wave arriving at Western Approaches has a lesser range
and the channel is also smaller in cross section. The (same) tidal wave reaches the entrance to the
Eastern Approaches around 1 hour later, and due to an increased distance from the tidal amphidrome
close to Poole Bay, the amplitude of the tide is now larger. These differences, combined with a larger
channel dimension, give dominance to the flood influence through the Eastern Approaches. The
period when the flood tide influence switches from Western to Eastern Approaches creates the Young
Flood Stand and a period of slack water. Once the Eastern Approaches tide becomes dominant the
flood flows increase in magnitude from the slack water period up to high water.
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The location of Cowes is at the junction of this tidal process (in the period prior to HW), therefore, the
tides at Cowes remain sensitive to the formation of this internal oscillation. A very subtle change in
the balance between Eastern and Western Approaches may result in subtle but important local
changes at Cowes.
The nodal tidal cycle causes the tidal range to vary over approximately an 18.6 year cycle. The
amplitude of the cycle is about 3.7% of the tidal range (Pugh, 2004 cited in Hopley 2014), which for
Portsmouth is about 0.11 m. This means that the variation in water levels is some 12 mm/year and, as
such, over the shorter term (<20 years) is more significant than estimated changes due to sea level
rise (~2 mm/year).
The last approximate low point in the nodal cycle was around 2004/5 and the most recent high point
around 2014/15. So day to day, month to month and year to year comparisons in the tide will largely
be undiscernible, whereas decade to decade comparisons may be able to reveal some differences due
to the nodal modulation.
Nodal or other influences in the formation of the Young Flood Stand oscillation may lead to subtle but
important changes in the local flow circulations at Cowes during this phase of tide, i.e. the 2 hours
before high water. These changes are real and can be identified in the measured water level data
through harmonic analysis (ABPmer, 2014b). The long-term periodicity of the tide provides a
plausible explanation for changes in local tidal flow changes. However, the regional model is unable
to reproduce the subtleties of this change. The model slightly over predicts the flood flows for 2014
and shows little change in 2004. The (old) local model reasonably simulated the results of this
complicated tidal propagation by deriving the open boundaries from locally measured tidal data at
Cowes. In this respect, the old model may be a more accurate representation of the tidal conditions at
that time.
The comparison between similar tides using the new model shown in this report does, however, serve
to illustrate that relatively small changes in mean level and range do have noticeable effects within the
harbour area. The magnitude of these changes being potentially explained by the longer term tidal
changes.
Even assuming that similar (2004) tidal conditions will occur in the future, it may not be possible to
conclusively prove or disprove this hypothesis, without additional (at the next low point in the nodal
cycle) long term current measurements for the local Cowes area. It is, however, a possible explanation
for the change in cross-harbour flows.

5.1.2 Changes of Local Bathymetry
Bathymetries for the two periods under consideration, encompassing the whole of Southampton
Water and the Solent, have been tested. Changes in seabed level have included:





Morphological changes to Prince Consort Shoal, adjacent to the entrance to Cowes Harbour;
Increased depth of Southampton Approach Channel;
Small changes to the position of the Bramble Bank and Ryde Middle Bank; and
Local changes adjacent to the shoreline to the west and east of Cowes.

Whilst the bathymetry data sets vary in extent and detail, there are some changes in tidal currents that
can be observed as resulting from these bathymetry changes, for example the changes to the
coastline to the west of Cowes have been found to influence the position of the recirculation feature
outside Cowes Harbour. However, the majority of the bathymetry changes only have a relatively local
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area of influence, e.g. local shallowing, results in faster flows where there is restricted depths on Prince
Consort Shoal.
These tests have also illustrated that the flow configuration within Cowes Harbour is sensitive to small
changes of flow speed and direction. For example a small positive change in flow angle (bearing) of
the cross-harbour flow can result in a greater proportion of the split in tidal flow moving north out of
the western entrance.
These changes are limited to <0.2 m/s within the harbour and <0.1 m/s outside the harbour at S1
(faster for 2004 bathymetry, at HW-1). This cannot account for the magnitude of changes seen at S1
between the measured data of 2004 and comparable data in 2014, which are approximately 0.35 m/s
slower in 2004.
Changes in bathymetry may be responsible for some small observed differences within the harbour,
but model simulations with 2004 bathymetry only result in slightly higher (<0.1 m/s) cross-harbour
current flows not the slower speeds expected (~0.4 m/s).
On this basis, the change in bathymetry has now been disproven as the main cause for the change in
tidal conditions.

5.1.3 Discrepancy in the Original Measured Data
Whilst the performance of the old 2005 model was successfully calibrated against a number of
separate data sets available at the time, the flow measurements from Site S1 were the most significant
in establishing the current field outside of Cowes harbour.
From a quality review of S1 data there is no present evidence to support any obvious discrepancy in
the measured data. The quality review identifies that:







The data record is consistent throughout the measurement period, demonstrating the
absence of any random or irregular behaviour;
The data is in broad agreement with other contemporaneous sources;
The data includes the expected tidal characteristics of the Young Flood Stand but at a lower
level compared to 2014 values, with the hypothesis for this difference being linked to the
lower state of the lunar nodal cycle occurring in 2004;
The remainder, and majority of the tidal cycle beyond the period of the young flood stand is
not in question, removing the possibility of a consistent bias in the record; and
The calibration of the old model used this data, but other similar data sources used in the
calibration process did not identify any issues or cause for concern.

On this basis, the absence of any obvious discrepancy in the measured data suggests the data is not
the most probable cause for the change in local tidal conditions, however, this assertion also rests on
an associated hypothesis for lunar nodal influences creating a different balance in tidal influences at
this time between east and west Solent.
The case for a discrepancy, or not, can only be fully proven by repeating the measurement for the
same set of conditions as occurred in 2004 and by having additional measurements available for the
outer harbour to demonstrate that conditions observed at S1 at this time were also representative of
the wider area. Unfortunately, the ability to offer such proof based on a former period of tides is not
possible.
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5.1.4 Choice of Data Measurement Locations
The location of S1 is now known to be relatively close to the tidal recirculation pattern which occurs in
the critical period before high water. However, sensitivity tests of the position of S1 (using the new
model) have now shown that this is disproven as potential cause of the discrepancy.
Alternative positions to the east, west north and south were investigated. The recorded current speed
is relatively consistent parallel to the coast, but more variable with offshore position changes. These
alternative positions cannot identify a measurement signal with the characteristics of that recorded in
2005.
Again, on this basis, the choice of measurement location was appropriate based on the information
available at that time and it is not the probable cause for the apparent change in tidal conditions. It is
also therefore true that an error in the reported position of the measurement location is also unlikely
to have resulted in the apparent change in tidal conditions.

5.1.5 Use of a Local Model
The use of a local model, which used local offshore boundaries, was the main criticism expressed of
the previous modelling study, the principal concerns were;



The effect of the introduction of the breakwater was constrained by the influence the local
boundary; and
The input boundary conditions were derived from limited local data and did not capture
potentially complicated flows at the boundary.

These concerns were partially negated when the later (2014) version of the old model was able to
reproduce present conditions, proving that the method adopted in 2004 was not a limitation.
The advantages of the local model are;



Intricate detail of local tidal behaviours can be retained in the boundary signal developed by
real data (Top-Down approach); and
Reduced time and effort required to construct and calibrate the model providing savings to
the client and enabling programme deadlines to be achieved.

The advantages of the regional model are;






Intricate detail of local tidal behaviours may be lost when these behaviours have to be recreated by a model from first principles (Bottom-Up approach); and
Limitations in model technology were previously a constraint to efforts in 2004 to construct a
model of this type, but recent advances in technology have enabled this option, albeit with
some loss of intricate detail;
Simulation of alternative periods of time for which measured data is not available;
Understanding of tidal patterns in the wider Solent area.

Results from the new model have now demonstrated that the regional boundary has not altered the
performance of the model in this respect. The choice of boundary location has in retrospect,
coincided with the approximate location of the centre of the recirculation feature thereby minimising
complex flow at the boundaries.
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The use of regional boundaries has provided a number of advantages to the present study, but with
regard to the simulation of contemporary tidal patterns within the harbour, the results have effectively
been repeated.
On this basis, the use of a local model has now been disproven as the likely cause for the change in
tidal conditions. Furthermore, the old model may be a more accurate representation of the tidal
conditions prevailing in 2004, than the new model simulation of the 2004 conditions, as it is driven by
a product of the locally observed tidal conditions, which the regional model is unable to develop.

5.1.6 Limitations of Modelling Technology
All modelling activities including physical modelling have inherent assumptions and simplifications of
real world processes. They are a tool to inform decision making but can never provide absolute
certainty and can never exceed the accuracy of the measured data available. Whilst the technology
continues to evolve, on each occasion, the state of the art software has been utilised.
When the original model was constructed, the capability of the software was more limited, particularly
in regard to the simulation of large and complex domains, and the choice of a local model was
appropriate. The old and new models have used significantly different versions of the modelling
software and provided similar results. The majority of the tidal cycle has been successfully simulated,
including complex flows around the harbour area. There is no evidence therefore to suggest a flaw in
the software.
On this basis, whilst the new modelling technology may provide new features and improvements, and
there will always be limitations to the modelling, these differences are unlikely to be the cause for the
change in modelled tidal conditions.

5.1.7 Modelling Approach Unreasonable in Some Other Way
ABPmer has undertaken an audit of the previous modelling and the work, which was also externally
audited at the time. Both of these audits did not identify any significant issues of concern.
Some reasonable questions were raised by CHC’s advisors and potential issues with the previous
study, and these have been considered above.

5.2 Overall Conclusion
The use of regional boundaries in the new model has provided a number of advantages to the present
study. However, with regard to the simulation of contemporary tidal patterns within the harbour, the
results of the new and old models have effectively been repeated. The time span over which the
results from the new model remain valid or the level of uncertainty of long term predictions cannot be
directly determined, as the new model does not accurately simulate the tidal signature for 2005 as
measured by Titan at the Site S1 in 2005.
A number of possible causes have been hypothesised which may explain wholly or partially the
reasons for the differences in tidal conditions and each of these potential causes have been explored.
Whilst the true cause of these differences is likely to be a combination of effects, a number of causes
have been discounted as being less likely or less significant in effect.
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The conclusion at this time is that there are a number of possible explanations for the differences in
tidal conditions including, a change in the long term tidal signature associated with the 18.6 year
nodal cycle, or a discrepancy in the original measured data. These possible explanations provide
plausible reasons for the old model not representing the cross-harbour flows, and for the new model
not being able to accurately reproduce the tidal signature measured at S1 under 2005 conditions.
Other explanations may also be contributing, but probably with a lesser influence.
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Abbreviations/Acronyms

ABPmer
AWAC
CCO
CD
CHC
DTU
EMODnet
GEBCO
HW
LAT
LiDAR
LW
MSL
NTSLF
ODN
OSGB
UTM
UKHO
VORF
WGS
WGS84

ABP Marine Environmental Research Ltd
Acoustic Wave And Current Profiler
Channel Coastal Observatory
Chart Datum
Cowes Harbour Commission
Global Mean Sea Surface
European Marine Observation and Data Network
General Bathymetric Chart of the Oceans
High Water
Lowest Astronomical Tide
Light Detection And Ranging
Low Water
Mean Sea Level
National Tidal and Sea Level Facility
Ordnance Datum Newlyn
Ordnance Survey Great Britain
Universal Transverse Mercator
United Kingdom Hydrographic Office
Vertical Offshore Reference Frames
World Geodetic System
World Geodetic System 1984

Cardinal points/directions are used unless otherwise stated.
SI units are used unless otherwise stated.
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A Collation of 2005 Bathymetry
The model study area extends from the south west of the English Channel to the north of the North
Sea. A bathymetry layer was generated for the model using a number of open source data sets from
2005 or earlier. The final bathymetry layer is presented in WGS 1984 UTM 30N projection with a
vertical datum of Mean Sea Level (MSL).
To facilitate the incorporation of multiple resolutions of bathymetry data, the study area is segmented
into 5 separate sub areas, detailed below and shown in Figure A1:






SA1: Cowes;
SA2: Isle of Wight;
SA3: Portland to Selsey;
SA4: English Channel; and
SA5: North Sea.

Figure A1.

Map showing locations of the Study Area sub areas
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A.1 SA1 Cowes
The Cowes study area encompasses the area around Cowes and the River Medina, a number of data
layers were used to create the most accurate bathymetry layer for this region of the model. All of the
datasets listed in Table A1 were retrieved from ABPmer’s archive of data used toward ABPmer (2009)
and as such had been standardised and were available in OSGB projection to ODN datum with depth
as negative values below the datum.
Table A1.

Data sets used within SA1 Cowes sub area
Source

Projection

Vertical
Datum

Depth
Values

Resolution

Year

Titan

OSGB

OD

Minus

Various, profile
spacing at 100 m

2005

Titan

OSGB

OD

Minus

1m

2005

Solent_20m.xyz

ABP

OSGB

OD

Minus

20 m

2003

Mouchel-GKNsite_MIKEformat-v2.xyz

Mouchel/
Aworth

OSGB

OD

Minus

3m

2004

CCO_032004.xyz

CCO

OSGB

OD

Minus

45 m

2004

5dRYD1_20040327hb.xyz

CCO

OSGB

OD

Minus

1 m, profile
spacing 100 m

2004

Data Set
Titan-topo_Land Survey
Spot heights land survey
format to OD.xyz
Titan-bathy_Cowes
Bathymetry OD thinned
1m.xyz

All of the datasets listed in Table A1 were mosaicked into a single data layer. The newest and best
resolution data layers were used in preference over any older data layers. Considerations such as the
extent of the data layers and their locations to the coast were also taken into account when deciding
the order for mosaic. Where necessary a mask was created for each individual data layer, allowing the
bathymetry to be clipped to the correct extent for the data to be mosaicked, this was especially
important for the data layers at the top of the mosaic. The dataset mosaic order is listed below with 1
being the top layer and 5 being the bottom layer:
1.
2.
3.
4.
5.

Mouchel-GKN-site_MIKEformat-v2.xyz
5dRYD1_20040327hb.xyz
CCO_032004.xyz
Titan topo and bathy xyz
solent_20m.xyz

The resulting combined dataset for SA1 is shown in Figure A2.
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Cowes SA1 Bathymetry

A.2 SA2 Isle of Wight
The area around the Isle of Wight (SA2) required finer resolution data than that available within the
EMODnet and GEBCO composite bathymetry layers. To generate a finer resolution bathymetry layer
for the 2005 model, multiple higher resolution survey data layers were identified and compiled. Table
A2 lists the datasets used. The survey data sets span multiple years up to 2005 and were available
with a variety of resolutions, therefore when the data were compiled into a composite surface, it was
important to order the data layers so the finest resolution and most recent data layers were
mosaicked on top of the coarser and older data layers. The majority of the data layers were sourced in
Chart Datum (CD); therefore the final composite bathymetry layer was created in CD then converted
to MSL using VORF data (see Section A.3).
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Data sets used within SA2 Isle of Wight sub area

Data set

Source

Projection

Vertical
Datum

Depth
Values

Resolution

Year

CCO Intertidal
LiDAR

CCO data catalogue
http://www.channelc
oast.org/data_manag
ement/online_data_c
atalogue/metadata/s
earch/index2.php
CCO data catalogue
http://www.channelc
oast.org/data_manag
ement/online_data_c
atalogue/metadata/s
earch/index2.php
CCO data catalogue
http://www.channelc
oast.org/data_manag
ement/online_data_c
atalogue/metadata/s
earch/index2.php
UKHO Inspire Portal

OSGB

ODN

Minus

1 to 2 m

Multiple
2004 2008

OSGB

ODN

Minus

15 to 25 m

2004 and
2005

OSGB

ODN

Minus

15 to 25 m

Multiple

WGS84

CD

Plus

50 m

2003

UKHO Inspire Portal

WGS84

CD

Plus

100 m

2003

UKHO Inspire Portal

WGS84

CD

Plus

50 m

2002

UKHO Inspire Portal

WGS84

CD

Plus

50 m

2002

UKHO Inspire Portal

WGS84

CD

Plus

50 m

1989

UKHO Inspire Portal

WGS84

CD

Plus

50 m

1987

4327

OSGB

CD

Plus

10 m

Unknown

4327

OSGB

CD

Minus

ABP

OSGB

CD

Plus

CCO Singlebeam
Portsmouth,
Langstone,
Chichester
Harbours
CCO Singlebeam
– Southampton
Water, Hurst
Bank and North
of Cowes
2003 HI1005
Southern
Approaches to
Nab Tower 30N
2003 HI1004
Medmery Bank
30N
2002 HI962 Anvil
Point to Nab
Tower Blk9 30N
2002 HI1003
Selsey Bill to
Hooe Bank BlkB
30N
1989 HI366 Nab
Tower to Old
Castle Point Blk3
30N
1987 HI365 The
Needles to Egypt
Point Blk2 30N
Hamble Bathy
from 3742
Natural England
Beaulieu channel
Bathy 3742
ABP Survey Data
for Charting
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Data set

Source

Projection

Vertical
Datum

Depth
Values

Resolution

Year

Solent
Bathymetry 20 m
1990 HI366 Nab
Tower to Old
Castle Point Blk5
1990 HI366 Nab
Tower to Old
Castle Point Blk6
1989 HI366 Nab
Tower to Old
Castle Point Blk2
1994 HI658
Shingles Bank
2004 2006
361405 Isle of
Wight
1979 K8670
Western
Approaches to
the Solent
2000 2006
358919
Approaches to
Chichester
Harbour
1985 HI142
Eastney to
Hayling Shoal
Portsmouth
1981 K8672 Isle
of Wight to
Swanage Bay

ABP

OSGB

ODN

Minus

20 m

2003

UKHO

WGS84

CD

Plus

30 m

1990

UKHO

WGS84

CD

Plus

5m

1990

UKHO

WGS84

CD

Plus

25 m

1989

UKHO

WGS84

CD

Plus

30 m

1994

UKHO

WGS84

CD

Plus

100 m

2004

UKHO

WGS84

CD

Plus

50 m

1979

UKHO

WGS84

CD

Plus

50 m

2000 2006

UKHO

WGS84

CD

Plus

30 m

1985

UKHO

WGS84

CD

Plus

90 m

1981

The data sources listed in Table A2 were mosaicked into a single data layer using the same method as
described in Section A.1, taking account of data layer age, location and resolution when determining
the order of mosaic. The dataset mosaic order is listed below with 1 being the top layer and 24 being
the bottom layer:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Langstone Harbour CCO Single beam 2005
Portsmouth Harbour CCO single beam 2005
Chichester Harbour CCO Single beam 2004
All CCO Intertidal LiDAR data
Solent 20 m
2004_2006_361405_Isle_of_Wight
Southern_Approaches_to_Nab_Tower 2003
Medmery Bank 2003
Anvil Point to Nab Tower 2002
Selsey Bill to Hooe Bank 2002
2000_2006_358919_Approaches_to_Chichester_Harbour
1994_HI658_Shingles_Bank
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
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1990_HI366_Nab_Tower_to_Old_Castle_Point_Blk6
1990_HI366_Nab_Tower_to_Old_Castle_Point_Blk5
1989_HI366_Nab_Tower_to_Old_Castle_Point_Blk2
Nab Tower to Old Castle Point 1988
Needles to Egypt Point 1987
1985_HI142_Eastney_to_Hayling_Shoal_Portsmouth
1981_K8672_Isle_of_Wight_to_Swanage_Bay
1979_K8670_Western_Approaches_to_the_Solent
CCO Singlebeam – Southampton Water, Hurst Bank and North of Cowes
ABP Survey Data for Charting
Hamble Data
Natural England Beaulieu Channel Bathy

The data was then extracted to the Isle of Wight study area and resampled to a resolution of 20 m. A
VORF grid was then used to convert the CD layer to MSL using raster calculator.
The resultant mosaicked grid did however have data gaps within Southampton water and south of the
Isle of Wight, which could not be filled with data from before 2006. The decision was therefore taken
to use the SA2 surface from the 2015 model to fill these gaps.

Figure A3.

Isle of Wight SA2 bathymetry
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A.3 SA4 The English Channel and SA5 The North Sea
The data layers used for both the English Channel and The North Sea are identical to those used
within the bathymetry for the 2015 model, see ABPmer (2015a) for details. This was due to the data
available for these areas and the resolution required within the model as these sub areas do not
require fine resolution data.

A.4 Vertical Offshore Reference Frames
Vertical Offshore Reference Frames (VORF) is a data product that provides maps of the vertical offset
between various vertical datums in UK waters (http://www.ucl.ac.uk/vorf). The project was a
collaboration between University College London and the UKHO and was completed in 2008. Vertical
offsets are provided as spatially varying maps at any point within UK waters and allow for conversions
between a number of datums, including; CD, MSL, LAT, Mean Low Water Springs and Ordnance
Datum Newlyn (ODN) (University College London, 2012). These surfaces were used to make accurate
vertical datum shifts for the bathymetry surfaces created in each sub area to ensure that the final sub
area bathymetries were consistently relative to MSL.
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