Modelling Report
Isle of Man Government - Sea
Defence Options
Draft Appendix C
December 2014

Jeffery Robinson
Operations Director
Department of infrastructure
Murray House
Mount Havelock
Douglas
Isle of Man
IM1 2SF

JBA Project Manager
Graham Kenn
JBA Consulting
Aberdeen House
South Road
Haywards Heath
West Sussex
RH16 4NG

Revision History
Revision Ref / Date Issued

Amendments

V1.0 Draft/December 2014

Issued to
Jeffrey Robinson

Contract
This report describes work commissioned by Jeffrey Robinson, on behalf of Department of
Infrastructure, by a letter dated 17 March 2014. Alain Le Vieux of JBA Consulting carried out this
work.

Prepared by .................................................. Alain Le Vieux BSc MSc
Analyst

Reviewed by ................................................. Daniel Rodger BEnvSci, MEng, GradDipGIS, GCert
CoastalEng, CMarEng CEng MIMarEST
Senior Engineer

Purpose
This document has been prepared as a Draft Report for Department of Infrastructure. JBA
Consulting accepts no responsibility or liability for any use that is made of this document other
than by the Client for the purposes for which it was originally commissioned and prepared.
JBA Consulting has no liability regarding the use of this report except to Department of
Infrastructure.

2014s1358 - Appendix C - Modelling Report Rev 1.0

i

Acknowledgements
This concept design report has been developed by the study team, consisting of JBA Consulting
and the Department of Infrastructure. JBA Consulting would like to thank the Department of
Infrastructure for their input to the project, facilitating the development of the concept design
options.

Copyright
© Jeremy Benn Associates Limited 2014

Carbon Footprint
A printed copy of the main text in this document will result in a carbon footprint of 91g if 100% postconsumer recycled paper is used and 115g if primary-source paper is used. These figures assume
the report is printed in black and white on A4 paper and in duplex.
JBA is aiming to reduce its per capita carbon emissions.

Cover Photo
The front-cover photo shows Castletown. Photograph taken by Alexander Dane, JBA Consulting
2014.

2014s1358 - Appendix C - Modelling Report Rev 1.0

ii

Contents
1

Introduction .......................................................................................................... 4

1.1

Background and scope .......................................................................................... 4

2

Coastal processes ............................................................................................... 5

2.1
2.2
2.3

Introduction ............................................................................................................ 5
Coastal flood risk drivers ....................................................................................... 5
Previous coastal assessments .............................................................................. 6

3

Modelling flood risk from coastal sources ....................................................... 7

3.1
3.2
3.3

Introduction ............................................................................................................ 7
Wave transformation modelling ............................................................................. 7
Wave overtopping modelling ................................................................................. 14

4

Summary .............................................................................................................. 17

2014s1358 - Appendix C - Modelling Report Rev 1.0

1

List of Figures
Figure 1-1 Location of study sites ....................................................................................... 4
Figure 2-1 Components of sea level variation that lead to typical coastal flooding ............ 5
Figure 2-2 Modelling components of the wave and overtopping modelling ...................... 6
Figure 3-1 SWAN model computational grid ...................................................................... 9
Figure 3-2 Wind directions used at each of the ports for the extreme wind analysis ......... 12
Figure 3-3 Dependence of surge vs wind conditions ......................................................... 13
Figure 3-5 Defence profile schematised using Neural Network. ........................................ 16

List of Tables
Table 3-1 Extreme sea levels for Isle of Man ports ............................................................ 10
Table 3-2 Correction factors from chart datum (mCD) to the local ordnance datum
Douglas 02 datum (mAOD D02) using local survey correction factors for all
seven ports. ....................................................................................................... 10
Table 3-3 Climate change water level increases at each of the ports for to the year 2115 11
Table 3-4 Variables for the design wind speed formula and there method of calculation .. 11
Table 3-5 Extreme wave estimates, waves originating from the southwest and
northwest. .......................................................................................................... 14
Figure 3-4 Schematisations of a typical beach profile for analysis using the Neural
Network overtopping tool .................................................................................. 15
Table 3-6 Limits for overtopping for pedestrians. ............................................................... 15
Table 3-7 Limits for overtopping for vehicles ...................................................................... 15
Table 3-8 Limits for overtopping for property and damage to the defence. ....................... 16

Abbreviation
1D

One-dimensional

2D

Two-dimensional

3D

Three-dimensional

Defra

Department for Environment, Food and Rural Affairs

DoI

Department of Infrastructure

Douglas02

Datum for Isle of Man

EIA

Environmental Impact Assessment

EurOtop

European Wave Overtopping Manual

GIS

Geographic Information System

HAT

Highest Astronomical Tide

Hm0

Significant Wave Height

Hs

Significant Wave Height

IoM

Isle of Man

JBA

Jeremy Benn Associated Consulting

2014s1358 - Appendix C - Modelling Report Rev 1.0

2

LAT

Lowest Astronomical Tide

l/s/m

Litres per second per metre (the average rate of wave overtopping)

MCA

Multi-Criteria Analysis

MHWN

Mean High Water Neaps

MHWS

Mean High Water Springs

MLWN

Mean Low Water Neaps

MLWS

Mean Low Water Springs

MSL

Mean Still Water Level

SWL

Still Water Level

Tm

Wave Period

Tp

Peak Wave Period

UKCP09

UK Climate Projections 09

2014s1358 - Appendix C - Modelling Report Rev 1.0

3

1

Introduction

1.1

Background and scope
Jeremy Benn Associates Ltd (JBA Consulting) has been tasked with developing a number of
technically viable concept solutions to address still water level flooding in harbour environments
and wave overtopping in open coast environments, at seven harbours and coastal sites across the
Isle of Man, on behalf of the Department of Infrastructure (DoI). The study locations are shown in
Figure 1-1, which include; Castletown, Douglas, Laxey, Ramsey, Peel, Port St Mary and Gansey.
In order to support these designs, numerical wave transformation and overtopping modelling was
required. This report provides a description of how the numerical models were developed and
used in the project, in order to represent the wave transformation processes that cause wave
overtopping on coastal frontages.
This report consists of the following chapters:


Chapter 2 (Coastal processes) provides a background on the coastal risks experienced
in the Isle of Man.



Chapter 3 (Modelling flood risk from coastal sources) outlines the approach to
calculate the extreme water level, waves and overtopping at the ports of Isle of Man.



Chapter 4 (Summary and recommendations) presents an overview of the modelling
development for the iterative design processes and provides recommendations for future
design stages.

Figure 1-1 Location of study sites (Contains Ordnance Survey data © Crown copyright and database right 2014)
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2

Coastal processes

2.1

Introduction
It is important that the methods used to model coastal processes are as realistic as possible, given
the inherent uncertainty in many aspects of coastal numerical modelling. In this section the
principal coastal risk mechanisms are discussed, providing a conceptual understanding the
processes affecting the Isle of Man.

2.2

Coastal risk drivers
There are two key processes that may lead to a risk from coastal processes on any of the frontages
on the Isle of Man, still water flooding and wave overtopping. These two processes can be
described as follows:
Still Water Level (SWL) flooding occurs where the water level exceeds the defence crest level
(commonly the top of the quay/harbour walls) and water inundates the hinterland.
Wave Overtopping occurs where waves run up the face of the coastal defence. Where the wave
run-up exceeds the defence crest level, water will pass over the crest and inundate the hinterland.
The risks associated with coastal processes are inherently complex, affected by a number of
different variables. Figure 2-1 illustrates the main components of sea level variation that contribute
to coastal risk during a storm event. The base sea level, often referred to as either the still water
sea level or total sea level, is comprised of the underlying astronomical tide and the passage of a
large scale storm surge. These two components determine the average sea level for a particular
location at a particular time. Whilst this variable is very important in terms of coastal flooding, still
water level flooding will only occur where the impermeable defence crest level is below the still
water level. Not surprisingly, on an open coast frontage, the sea is not still during a storm event,
with the majority of risk occurring through wave action, rather than still water flooding.
Wave action is a complex process controlled by a number of factors. The manner in which these
factors combine determines the magnitude of any wave induced flood impacts. Waves generated
in deep water from wind conditions, propagate towards land. As they do so, they enter shallower
bathymetry where wave transformation processes occur, including shoaling, diffraction, refraction,
depth limitation and breaking. The consequence of these processes is that the properties of the
inshore waves are quite different to those generated in deep water. It is these nearshore waves
that are of most importance, as they directly interact with coastal defences and lead to wave
overtopping.
Wave overtopping itself is also a complex process controlled by the state of the sea (depth, wave
properties), the geometry of the beach and local coastal defences. The impact of all of the above
risk drivers during a particular storm is also heavily dependent upon the location and orientation
of the defences with respect to the sea. This means that while one location may be flooded during
a storm event, another, just a short distance away, may have lesser impacts due to its orientation
with respect to the dominant wind/wave direction.

Figure 2-1 Components of sea level variation that lead to typical coastal flooding
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At present there is no single numerical model or calculation approach able to replicate all of these
complex processes. Instead, they are represented through a suite of numerical models in a staged
process as shown in Figure 2-2.

Figure 2-2 Modelling components of the wave and overtopping modelling

2.3

Previous coastal assessments
This study is a continuation of several other coastal wave assessments in the Isle of Man and the
Irish Sea. Previous assessments have used a numerical wave transformation model of the Irish
Sea, developed for the Environment Agency North West Wave Transformation Model project (JBA
2011)1. The wave model was originally developed as a wind driven model due to the limited
influence on swell waves towards the west English coastline. This wave model has been updated
during previous work in Isle of Man and this current study (see JBA 20122 and JBA 20143 for
further details). These updates include refinement of the computational mesh and nearshore
bathymetry at the Isle of Man, and conversion of the model datum to reflect the local Douglas 02
datum (mAOD D02), and the addition of a swell boundary to the wave model. Further information
on the wave model can be found in Chapter 3.

1

JBA (2011) -North West wave transformation model, 2014 January.
JBA (2012) Flood inundation and hazard maps for coastal towns in the Isle of Man, 2013 October.
3
JBA (2014) Isle of water and sewerage authority -Port Erin, Port St Mary, Gansey Bay and Ramsey modelling report,
2014 June.
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Modelling flood risk from coastal sources

3.1

Introduction
In order to calculate the current standard of protection for the ports and frontages of Isle of Man,
a number of wave simulations and wave overtopping models were used. First a wave
transformation model was used to calculate extreme wave conditions at the toe of the defences.
These conditions were then used to calculate the rate of overtopping occurring along the frontage.
Having calculated the current rate of overtopping and identified the dominant wave overtopping
mechanism, tailored defence options were identified and modelled to ensure overtopping did not
exceed critical thresholds. Each of these elements are described in the following sections.

3.2

Wave transformation modelling

3.2.1

Introduction
Wave transformation models simulate how waves develop and change (or 'transform') as they
propagate from a deep water location to the toe of the defences at the study sites. This section
details the development the wave transformation model, boundary conditions and the conversion
of datum's to make the model applicable for use on the Isle of Man.

3.2.2

Wave model development
All wave scenarios were modelled using the industry-standard SWAN (Simulating WAves
Nearshore) model. SWAN is a third generation wave model capable of simulating the following
nearshore wave transformation processes:


Wind-wave interactions, which is the transfer of wind energy into wave energy, leading to
the growth of waves



Shoaling, which is the build-up of energy as a wave enters shallow water, causing an
increase in wave height



Refraction, which is the change in wave speed as waves propagate through areas of
changing depth, causing a change in wave direction



Wave breaking, which is the destabilisation of a wave as it enters shallow water, causing
broken waves with the characteristic whitewash or foam on the crest



Wave dissipation, which limits the size of waves through white-capping, bottom friction
and depth-induced breaking
SWAN calculates steady state wave conditions for specific inputs of wave height, period and
direction at an offshore boundary, and wind speed and direction applied across the model domain
surface. Water levels can also be configured to account for tidal/surge variations.
This project makes use of an existing SWAN model originally developed for the Environment
Agency North West Wave Transformation Model project (JBA 2011). Development of the model
involved several stages, including construction of a wave model grid, interpolation of a bathymetric
dataset, calibration, joint probability analysis and extreme event modelling. To ensure accurate
wave growth the model domain encompasses the majority of the Irish Sea, with land boundaries
along North Wales, Western England, Southern Scotland and Eastern Ireland.
3.2.3

Computational mesh
The model grid, with which SWAN performs its calculations of wave parameters, was designed
using an unstructured mesh employing triangular elements. This type of grid allows for very high
resolution detail around the complex coastal areas of Isle of Man, whilst simultaneously allowing
for low resolution across the rest of the Irish Sea, where high resolution detail (which leads to
increased computation time) was not required. The mesh resolution varies from 4km in deep areas
of the Irish Sea to 10m in the shallow areas along the ports of Isle of Man. This high resolution
allows the wave transformation processes to be computed with a high degree of accuracy, as
sudden changes in depth will induce shoaling, diffraction and breaking processes. The wave
model comprised over 200,155 computational nodes (Figure 3-1).

2014s1358 - Appendix C - Modelling Report Rev 1.0

7

3.2.4

Bathymetry data
The bathymetry for the computational mesh was constructed based on two sources of data. The
wider bathymetric information was sourced from X, Y, Z survey points derived from surveys
undertaken by the Civil Hydrographic Programme, Royal Navy surveys, Centre for Environment,
Fisheries and Aquaculture Science (CEFAS) surveys as well as surveys from local port and
harbour authorities. The data were supplied by FindMAPS as a gridded dataset, processed and
output into a 0.5 arc second grid covering the wider Irish Sea region. Local bathymetry was
purchased from EMap4. These data were merged with Light Detection and Ranging (LiDAR).
Where the offshore and LiDAR data overlapped, the LiDAR data were used in preference.
Prioritising the datasets in this way ensured that the highest quality data were used where
available. The data were also inspected, once merged, to ensure that the locations where datasets
intersected did not experience a discontinuity in bathymetry, which would distort the wave
transformation processes.
The wave model bathymetry was converted from mAOD Newlyn to mAOD Douglas 02, a local
datum used on Isle of Man. The offshore areas bathymetry depth was increased by 3m and the
nearshore areas were deepened by the Vorf transformation that varies around the Isle of Man.
The Vorf transformation was supplied by United Kingdom Hydrographic Office. This ensured that
the bathymetry and LIDAR are in the same datum and overtopping modelling can be correctly
calculated (Figure 3-1).

3.2.5

Calibration
The original EA wave model was calibrated against the following waverider buoys located in the
Irish Sea, and achieved a root-mean-square (RMS) accuracy of 0.24m. For more information refer
to JBA (2011)5.


Liverpool Bay CEFAS WaveNet wave buoy (53°32'.01N, 003°21'.36W), for the period
13/11/2002 to 2012. This buoy is located in water of approximately 23m depth;



Barrow Fugro GEOS wave buoy (53°59'.53N 003°19'.21W), for the period 21/01/2006 to
17/06/2006. This buoy was located in water of approximately 21m depth;



Blackpool Sefton Council wave buoy (53.8188N, 3.1225W), for the period 30/09/2010 to
27/06/2011. This buoy was located in water of approximately 10m depth;



Blackpool EA wave buoy (53°52'.50N, 003°02'.100W), for the period 23/01/2008 to
26/01/2008. This buoy was located in water of approximately 6m depth (i.e. shallow
water).

As described in Section 2.3, several nearshore updates have been made to the model to improve
its resolution at the Isle of Man. However, no new calibration has been carried out, due to the lack
of nearshore wave records at the study site. All other SWAN model parameters have not been
changes and as such the model is considered calibration is not expected to have changed.

4
5

http://www.emapsite.com/mapshop/
JBA (2011) -North West wave transformation model, 2014 January.
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Figure 3-1 SWAN model computational grid, showing: Top left: Extent. Top right: Computational mesh. Bottom left:
model bathymetry. Bottom right: Wave reporting point at Douglas (Contains Ordnance Survey data ©
Crown copyright and database right 2014)

3.2.6

Boundary conditions
The calibrated wave model was used to calculate the extreme wave conditions at each port. The
model was run with three boundary conditions; extreme sea levels, design wind conditions and
offshore swell conditions. These boundary conditions are described in the following sub-sections.

3.2.7

Extreme sea levels
Extreme sea levels were extracted from the Environment Agency/Defra R&D Coastal Flood
Boundary Data Study (CFB)6. Extreme sea levels from this dataset take into account storm surge
as well as astronomical tide levels. For the Isle of Man only one output point exists in the CFB
dataset, located at Port Erin. Extreme sea levels for the other ports were extracted from the raw
data used in the CFB dataset, developed by JBA Consulting as part of the European Tidal
Database7. This database contains the entire output of a hindcast tidal model covering the whole
of the UK, output as a series of high resolution virtual tide gauges. The extreme sea levels are
presented in Table 3-1 for each port, which have been corrected from Chart Datum (mCD) to the
local ordnance datum Douglas 02 datum (mAOD D02) using local survey correction factors
displayed in Table 3-2.

6

7

Environment Agency/DEFRA (2011), Project SC060064; Coastal Flood Boundary Conditions for UK Mainland and
Islands, JBA Consulting and Royal Haskoning.
Coastal flood boundary conditions for UK mainland and islands, Project: SC060064/TR3: Design swellwaves. Environment Agency, Feb 2011
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Table 3-1 Extreme sea levels for Isle of Man ports
Return
Period
(year)
1
2
5
10
20
25
50
75
100
150
200
250
300
500
1,000
10,000
1
2
5
10
20
25
50
75
100
150
200
250
300
500
1,000
10,000

mD02

2014

2115

Castletown

Peel

Laxey

Ramsey

Port Erin

Port St
Mary

Douglas

3.48
3.57
3.68
3.76
3.84
3.87
3.95
3.99
4.02
4.06
4.09
4.11
4.13
4.18
4.25
4.44
4.12
4.21
4.33
4.41
4.49
4.52
4.60
4.64
4.67
4.71
4.74
4.76
4.78
4.83
4.90
5.09

3.17
3.26
3.38
3.46
3.54
3.56
3.64
3.68
3.71
3.75
3.78
3.80
3.81
3.86
3.92
4.09
3.81
3.90
4.02
4.10
4.18
4.21
4.28
4.32
4.35
4.39
4.42
4.44
4.46
4.50
4.56
4.74

4.22
4.30
4.39
4.51
4.60
4.68
4.71
4.79
4.81
4.87
4.89
4.92
4.94
5.00
5.04
5.29
4.86
4.95
5.04
5.16
5.24
5.33
5.35
5.43
5.46
5.51
5.53
5.56
5.58
5.64
5.69
5.94

4.16
4.25
4.36
4.45
4.53
4.56
4.64
4.68
4.71
4.75
4.78
4.81
4.82
4.87
4.94
5.13
4.80
4.90
5.01
5.10
5.18
5.21
5.28
5.33
5.36
5.40
5.43
5.45
5.47
5.52
5.59
5.78

3.14
3.23
3.34
3.42
3.49
3.51
3.59
3.63
3.65
3.69
3.72
3.74
3.75
3.80
3.85
4.01
3.79
3.87
3.98
4.06
4.14
4.16
4.23
4.27
4.30
4.34
4.37
4.38
4.40
4.44
4.50
4.66

3.35
3.44
3.55
3.63
3.71
3.73
3.81
3.85
3.88
3.92
3.94
3.97
3.98
4.03
4.09
4.26
4.00
4.09
4.20
4.28
4.36
4.38
4.46
4.50
4.53
4.57
4.59
4.61
4.63
4.68
4.74
4.91

3.98
4.07
4.18
4.27
4.35
4.37
4.45
4.50
4.53
4.57
4.60
4.63
4.64
4.70
4.76
4.97
4.62
4.71
4.83
4.91
5.00
5.02
5.10
5.15
5.18
5.22
5.25
5.27
5.29
5.34
5.41
5.62

Table 3-2 Correction factors from chart datum (mCD) to the local ordnance datum Douglas 02 datum (mAOD D02) using
local survey correction factors for all seven ports.

Port
Castletown
Douglas
Laxey
Ramsey
Peel
Port St Mary
Gansey

mCD to mAOD (D02) correction
-3.87
-3.77
-3.85
-3.94
-3.03
-3.32
-3.32

3.2.7.1 Climate change for sea levels
Within UKCP09 estimates for sea level rise are provided under low, medium and high emissions
scenarios. Within the three scenarios the estimate is further refined by 5th, 50th and 95th percentile
confidence ratings. In simple terms this should be interpreted as the relative likelihood of the
projected change being at, or less than, the given change. For this study, the medium emissions
scenario has been considered, using the 95th percentile confidence rating. This gives a projected
sea level rise of 0.65m by the year 2115 for Castletown, Douglas, Laxey, Port St Mary and Gansey,
and a 0.64m increase for Ramsey and Peel. Extreme sea levels and the adjustment for climate
change to the year 2115 are displayed in Table 3-3.
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Table 3-3 Climate change water level increases at each of the ports for to the year 2115

3.2.8

Port

Climate change to 2115 (m)

Castletown

0.65

Douglas

0.65

Laxey

0.65

Ramsey

0.64

Peel

0.64

Port St Mary

0.65

Gansey

0.65

Design wind conditions
Extreme design wind conditions were calculated using the British Standard BS6399 which
provides estimates of hourly wind speeds with a standard 50-year return period, which equates to
24.00m/s for the Isle of Man. Several factors were applied to the 50-year hourly wind speed to
account for altitude, direction and seasonality, and a number of return period factors applied to
calculate the extreme design wind conditions for each location. The extreme design wind speed
formula is:
𝑈𝐷 = 𝑈𝑏 𝑆𝑎 𝑆𝑑 𝑆𝑝 𝑆𝑓 𝑆𝑤
Where 𝑈𝐷 is the design wind speed (m/s), 𝑈𝑏 is the 50-year basic hourly wind speed (m/s), 𝑆𝑎 is an
altitude factor, 𝑆𝑑 is a factor to account for the wind direction (e.g. south-westerly winds tend be
stronger than north easterlies over the England and Wales), 𝑆𝑝 is a factor to adjust for different
return periods, 𝑆𝑓 is a factor to convert hourly wind speed to a more appropriate duration for the
water body under study and 𝑆𝑤 is an over-water speed-up factor to account for the effect of
reduced friction as wind travels over water.
Each of the factors listed above have been assessed for each of the locations using published
data. Several generalisations have been identified and can be used in the methodology at a
national scale.
Table 3-4 Variables for the design wind speed formula and there method of calculation

Variable
Ub – 50-year basic hourly
wind speed (m/s)
Sa – altitude factor

Variable will remain constant at all locations around England and Wales due
to the elevation remaining constant. A value of 1.001 was used.

Sd – directional factor

Factor that account for the directionality of the prevailing wind speed. A
table in BS6399 defines the values for England and Wales8.

Sp – probability factor

A table in BS6399 defines the probability factor for each return period.

Sf – duration factor

A duration factor of 1 associated to hourly wind durations will be used at all
locations. This is the standard wind duration used for longer fetch length
generated waves.
It will be assumed that over a generalised area, all locations will have an
average fetch above 10km therefore a constant value of 1.31 will be used at
all locations for this factor. Due to the reduction in friction of wind on water
compared to land the wind speed is increased by this factor.

Sw – over water speed-up
factor

3.2.9

Method of calculation
Use BS6399 estimates.

Fetch length calculations
The fetch length is dependent on the exposure of each port to the open sea and the length over
which wind can blow towards the shoreline. Fetch lengths were manually determined using a
geographic information system (GIS) using three directions per port, as shown in Figure 3-2.

8

McConnell K, 1998, Revetment systems against wave attack – A design manual
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Figure 3-2 Wind directions used at each of the ports for the extreme wind analysis (Contains Ordnance Survey data ©
Crown copyright and database right 2014)

3.2.10 Joint probability
A joint probability analysis was undertaken to consider the likelihood of significant winds and water
levels coinciding during an extreme event. The level of dependence between wind and water
2014s1358 - Appendix C - Modelling Report Rev 1.0
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levels was calculated using the industry standard Department of the Environment, Food and Rural
Affairs (Defra) desk-based method9. A dependence value 𝑥 (chi), of 0.3 was applied based on the
surge vs wind speed dependence estimates presented in Defra technical report on dependence
mapping10, as shown in Figure 3-3 Dependence of surge vs wind conditions (Defra 2005). Three
different wind direction for eight different extreme water level conditions for the seven locations,
resulting in a total of 1,764 different wave models were simulated, each representing a potential
return period between 1 and 200 years.

Figure 3-3 Dependence of surge vs wind conditions (Defra 2005)

3.2.11 Swell
In addition to joint probability winds and water levels, there is the potential for extreme swell waves
to enter the Irish Sea at its northern and southern boundaries. However, the Defra joint probability
assessment does not allow for the analysis of three variables concurrently (e.g. wind, sea levels
and offshore waves). Swell waves have been added into the model using a simplified approach
based on each the joint probability return period scenario. For example:


For a 1-year joint probability (wind and water level) scenario, a 1-year swell wave height
has been added.



For a 10-year joint probability (wind and water level) scenario, a 10-year swell wave height
has been added.
As the wave model includes two boundaries at the north and south of the Irish Sea, only the most
relevant wave boundary has been used for each site. For example, for simulations at Castletown
the southern swell wave boundary was included, and at Peel the northern swell wave boundary.
The extreme swell wave conditions were based on the Environment Agency's Coastal flood
boundary conditions for UK mainland and islands project11 which developed a consistent set of
design swell wave conditions around Scotland, England and Wales. The dataset also contains
information on wave period, which is categorised by the relative frequency for each wave height.
For each wave height the most common wave period has been assigned to each simulation (Table
3-5).

9

Defra (2005) Use of Joint Probability Methods in Flood Management: A Guide to Best Practice, Defra and the Environment
Agency, March 2005, including associated spreadsheet.
10
Defra (2005) Joint Probability: Dependence Mapping and Best Practice: Technical report on dependence mapping R&D
Technical Report FD2308/TR1 March 2005
11
Coastal flood boundary conditions for UK mainland and islands, Project: SC060064/TR3: Design swellwaves. Environment Agency, Feb 2011.
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Table 3-5 Extreme wave estimates, waves originating from the southwest and northwest.

Return
Period

Extreme swell waves from the
southwest

Extreme swell waves from the
northwest

Wave height (m)

Wave period (s)

Wave height (m)

Wave period (s)

1

3.30

10

3.01

10

2

3.62

10

3.11

10

5

4.03

10

3.22

10

10

4.34

10

3.28

10

20

4.64

10

3.34

10

50

5.02

10

3.40

10

100

5.31

10

3.44

10

200

5.58

10

3.48

10

3.2.11.1
Climate change for waves
For changes in wave height due to climate change, UKCP09 gives a prediction of the change in
annual maximum wave height for the year 2115 of up to 1.00m for the UK. It should be noted that
wave height increases could be limited by the water depth at each of the ports. The 1.00m
allowance has therefore been applied to offshore wave conditions, which was subject to wave
transformation modelling to determine the change in wave height at each individual site.
3.2.12 Wave model simulations
For each simulation, the wave model was used to produce a set of gridded results across the
model domain as well as nearshore conditions output at the toe of the defences. The key
nearshore conditions extracted from the wave model were:

3.3



Hs – Significant wave height in metres



Dir – Mean wave direction in degrees from north



Tp / Tm– Peak and mean wave period in seconds (used in structural calculations)



Tm-1.0 - Spectral wave period in seconds (used for wave overtopping calculations).

Wave overtopping modelling
Wave overtopping modelling was undertaken for each site directly influenced by waves
propagating from the open sea. The complexity of the physical processes leading to wave
overtopping introduces a high degree of uncertainty in its calculation. As a result, the overtopping
caused by individual waves is not typically calculated; instead the average overtopping rate for a
particular sea-state is estimated using empirical or physical models. An example is the Neural
Network tool, an empirical-based model described in the industry standard EurOtop 12 manual as
the most suitable methodology for evaluating wave overtopping for composite defences. However,
as with all calculation approaches, the Neural Network tool has several limitations. Estimates are
given based on a dataset of small-scale physical model tests which are affected by model and
scale effects, the accuracy of measurement equipment and wave generation techniques. As a
result, it is important that the results of the Neural Network are used with a degree of engineering
judgement and caution.
The Neural Network tool has been applied to each port based on a schematisation of their
defences, the geometric properties of which are characterised using 15 parameters including: crest
height (Rc); armour height (Ac); armour width (Gc); berm elevation (hb); berm width (B); upper
slope (αu); lower slope (αd); and roughness (γf) (see Figure 3-4).

EurOtop (2010) “Wave Overtopping of Sea Defence and Related Structures: Assessment Manual”, Overtopping Course
Edition, November 2010. HR Wallingford.
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Figure 3-4 Schematisations of a typical beach profile for analysis using the Neural Network overtopping tool

Using the Neural Network model, the average rate of overtopping has been calculated for a beach
or defence cross-section. These have been related to guidance given in the EurOtop manual
which relates hazardous situations to overtopping rates and volumes. The tolerable limits for
pedestrians and vehicles are given in Table 3-6 and Table 3-7 respectively. The limits for damage
to the defences by overtopping discharge is presented in Table 3-8.
Table 3-6 Limits for overtopping for pedestrians (source: EurOtop).

Hazard type and reason

Mean discharge

Max volume

Q (l/s/m)

Vmax (l/m)

Trained staff, well shod and protected,
expecting to get wet, overtopping flows at
lower level only, no falling jet, low danger of fall
from walkway.

1-10

500
at low level

Aware pedestrian, clear view of sea, not easily
upset or frightened, able to tolerate getting wet,
wider walkway.

0.1

20-50
at high level or
velocity

Mean discharge

Max volume

Q (l/s/m)

Vmax (L/m)

5013

100 – 1,000

Table 3-7 Limits for overtopping for vehicles (source: EurOtop).

Hazard type and reason
Driving at low speed, overtopping by pulsating
flows at low flow depths, no falling jets, vehicle
not immersed.
Driving at moderate or high speed, impulsive
overtopping giving falling or high velocity jets.

10 -

0.01 – 0.0514

5 – 50 at high level
or velocity

13

Note: These limits relate to overtopping defined at highways.
Note: These limits relate to overtopping defined at the defence, assumes the highway is immediately behind
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Table 3-8 Limits for overtopping for property and damage to the defence (source: EurOtop).

Hazard type and reason

Mean discharge
Q (l/s/m)

3.3.1

Damage to building structural elements

115

Damage to equipment set back 5-10m

0.416

No damage to embankment/seawalls if crest
and rear slope are well protected

50-200

No damage to embankment / seawall crest and
rear face of grass covered embankment of clay

1-10

Damage to paved or armoured promenade
behind a seawall

200

Damage to grassed or lightly protected
promenade

50

Overtopping model setup
The defences of each port varied in condition, complexity, form and material. The profiles
schematisations were based on field survey supplied by the Department of Infrastructure. An
example of a schematised defence section is shown in Figure 3-5.

Figure 3-5 Defence profile schematised using Neural Network.

3.3.2

Overtopping model results
The Neural Network tool was used to calculate the rate of overtopping for return periods ranging
from 1, 5, 10, 20, 50, 100 and 200-years both with and without the effects of climate change to
2115. The wave overtopping results were used in an iterative manner to develop and refine
concept options to meet several design criteria. For more information see JBA (2014) Isle of Man
flooding and wave overtopping study, concept design report.

15

Note: This limit relates to the effective overtopping defined at the building
Note; This limit relate to overtopping defined at the defence
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4

Summary and recommendations
Jeremy Benn Associates Ltd (JBA Consulting) has been tasked with developing a number of
technically viable concept solutions to address still water level flooding in harbour environments
and wave overtopping in open coast environments, at seven ports and coastal sites across the
Isle of Man, on behalf of the Department of Infrastructure (DoI). The ports include; Castletown,
Douglas, Laxey, Ramsey, Peel, Port St Mary and Gansey.
In order to support these designs, numerical wave transformation and overtopping modelling was
required. The coastal processes of the Isle of Man were simulated using an existing wave
transformation model of the Irish Sea. The model was adapted for use in the Isle of Man by altering
the bathymetry datum to Douglas 02. The wave transformation model was used to calculate how
waves develop due to wind blowing across the Irish Sea, and how they change (or 'transform') as
they propagate towards each port. The model was used to calculate the nearshore wave
conditions for a range of return periods between 1 and 200 years, including the effect of climate
change to 2115, through increased sea levels and offshore swell conditions.
The nearshore wave data was used in conjunction with the EurOtop Neural Network to calculate
the rate of overtopping at each site. This empirical-based model is described in the industry
standard EurOtop manual as the most suitable methodology for evaluating wave overtopping for
composite defences. The wave overtopping results were used in an iterative manner to develop
and refine concept options for each coastal defence frontage to meet several design criteria.

4.1

Recommendations
Should any option be taken forward to detailed design, it is recommended that additional numerical
model development is undertaken, in order to increase the confidence in results and ensure the
latest technology and methods are used.
There is growing evidence that the coastal extreme swell wave conditions and the industry
standard best-practise Defra methodology, used to estimate extreme wave conditions in this study,
does not accurately reflect the magnitude or joint probability of coastal events. This potentially
represents a large technical risk in this study as there is the possibility that the extreme conditions
have been under predicted.
New methods are currently being developed that can increase the accuracy of extreme wave
estimates through new analysis of the Wave Watch 3 (WW3) 30-year hindcast, and the reliability
of joint-probability assessments for coastal applications, which will be based on the application of
Heffernan and Tawn17. While the approach taken for this study is more than suitable for the
development of concept design options, additional certainty can be gained in this area by adopting
these methodologies in future design stages.

17

Heffernan, J.E., Tawn, J.A., 2004. A conditional approach for multivariate extreme values (with discussion). J. R. Stat.
Soc. Ser. B Stat Methodol. 66 (3), 497–546.
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