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Disclaimer 

MetOceanWorks has prepared this report for the sole use of the client and for the intended purposes as stated 

in the agreement between MetOceanWorks and the client under which this report was completed.  

MetOceanWorks has exercised due and customary care in preparing this report but has not, save as 

specifically stated, independently verified information provided by others.  No other warranty, express or 

implied, is made in relation to the contents of this report.  The use of this report, or reliance on its content, by 

unauthorised third parties without written permission from MetOceanWorks shall be at their own risk, and 

MetOceanWorks accepts no duty of care to such third parties.  Any recommendations, opinions or findings 

stated in this report are based on facts and circumstances as they existed at the time the report was prepared.  

Any changes in such facts and circumstances may adversely affect the recommendations, opinions or findings 

contained in this report. 
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1 Definitions 

1.1 Units and Conventions 

The following list describes the units and conventions used in this report.  Unless stated otherwise, units have 

been expressed using the SI convention. 

¶ Wind direction is expressed in compass points or degrees, relative to true North [°T], and describes 

the direction from which the winds are blowing. 

¶ Wind speeds are expressed in metres per second [m/s]. 

¶ Wave direction is expressed in compass points or degrees, relative to true North [°T], and describes 

the direction from which the waves are propagating. 

¶ Wave heights are expressed in metres [m]. 

¶ Wave periods are expressed in seconds [s]. 

¶ Current direction is expressed in compass points or degrees, relative to true North [°T], and describes 

the direction towards which the currents are flowing. 

¶ Current speeds are expressed in metres per second [m/s]. 

¶ Water levels are expressed in metres [m]. 

¶ Positions are quoted relative to WGS 84 except where stated. 

¶ All times are quoted in Coordinated Universal Time [UTC]. 

1.2 Glossary of commonly used metocean terms 

The following list describes common metocean terms used throughout this report.   

Winds Description 

ASL Above sea level.  Refers to the height of wind measurements from floating buoys above sea level.   

AMSL 
Above mean sea level.  Refers to the height of wind measurements from fixed structures, such as met masts, 

above mean sea level. 

Wind speed 
Magnitude of local wind flow.  Wind speed alone is meaningless without reference to the sampling duration 

and height asl.  Wind speed is usually taken as the hourly mean wind speed at 10m asl. 

U3-hr Mean wind speed averaged over a 3-hour period. 

U1-hr Mean wind speed averaged over a 3-hour period. 

U1010-min The highest value taken from a rolling 10-minute average wind speed throughout 1 hour. 

Waves Description 

Cmax The maximum individual wave crest elevation occurring within a defined period. 

Cmp The most probable maximum individual wave crest elevation occurring within a storm. 

Hmax The maximum individual wave height occurring within a defined period. 

Hmp The most probable maximum individual wave height occurring within a storm. 

Hm0 
Significant wave height.  Approximately the average height of the highest one third of the waves in a defined 

period, estimated from the wave spectrum as τά  . 

m0, m1, m2 The zeroth, first and second moments of the wave spectrum respectively. 
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Mdir Mean wave direction, estimated from the wave spectrum. 

Significant steepness 
A measure of the steepness of the sea state, though with no precise physical meaning.  Calculated from the 

wave spectrum as 
ς“Ὄ

ὫὝ
 where g denotes the acceleration of gravity. 

Tass The period associated with Hmax. 

Tm01 The mean wave period, estimated from the wave spectrum as ά άϳ . 

Tm02 The mean zero-crossing wave period.  Estimated from the wave spectrum as 
ά
ά  . 

Tp The spectral peak period.  The period at which most energy is present in the wave spectrum.   

Wave crest elevation  The vertical distance between the still water level and the maximum elevation of an individual wave.  

Wave height The vertical distance between the minimum and maximum elevations of an individual wave. 

Levels Description 

ETWL Extreme Total Water Level. 

LAT Lowest Astronomical Tide.  Minimum level of sea surface due to tidal forcing alone. 

HAT Highest Astronomical Tide.  Maximum level of sea surface due to tidal forcing alone.  

MHW Mean High Water.  Mean of all high water levels. 

MHWN Mean High Water Neap.  Mean high water level during neap phase of tidal cycle. 

MHWS Mean High Water Spring.  Mean high water level during spring phase of tidal cycle. 

MLW Mean Low Water.  Mean of all low water levels. 

MLWN Mean Low Water Neap.  Mean low water level during neap phase of tidal cycle. 

MLWS Mean Low Water Spring.  Mean low water level during spring phase of tidal cycle. 

MSL Mean Sea Level.  Mean sea surface elevation over a prolonged period of time. 

Residual level 

Difference between the tidal level estimated by harmonic analysis/prediction and the actual level.  Includes 

any errors due to failure to adequately resolve the tidal signal.  Includes meteorologically induced storm 

surge. 

Still water level 
Instantaneous water level in the absence of waves, but including water level variations due to tide and 

meteorologically induced forcing. 

Tidal level 
Still water level relative to a defined datum due to astronomical forcing.  Tidal elevations exclude all 

meteorologically induced forcing. 

Currents Description 

Current speed Magnitude of local current flow. 

Tidal current Current driven by astronomical forcing. 

Total current Combination of tidal and residual current. 

Surge current Current driven by processes excluding astronomical forcing and wave induced motions. 
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2 Introduction 

2.1 Background 

Sure Partners Limited (SPL) is developing the Arklow Bank Wind Farm (ABWF) located in the Irish Sea.  ABWF is 

situated on a long narrow sandbank approximately 10 km off the Wicklow Coast, near the town of Arklow (see 

Figure 2.1).  The site area is approximately 27 km x 2.5 km and water depths within the lease area range from 

approximately 2 m to more than 40 m below LAT.   

 

 

Figure 2.1:  Arklow Bank Wind Farm lease area and geographic context. 

 

Sure Partners Limited requires full metocean modelling for ABWF, including wave and hydrodynamic modelling 

at a suitable resolution over a relevant time period, and have contracted MetOceanWorks to perform these 

tasks.  Data output from these models will ultimately be used to conduct a suite of analyses resulting in an 

appropriate level of information to inform a Site Conditions Assessment (SCA) module (as defined in IEC 

61400-22) as well as providing input to weather window and cycle analyses. 
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2.2 Report Structure 

This Metocean Data Overview document describes the various data sources and models used throughout the 

study. 

Modelling details are discussed in Sections 3 to 5, initially introducing common model inputs (Section 3) before 

moving onto the models themselves.  By way of introduction to the overall approach: 

¶ Wind data used to derive criteria originate from the ECMWF ERA5 and VORTEX downscaled ERA5 

model.  See Section 4 for details. 

¶ Hydrodynamics are modelled using the MIKE21FM 2D flexible mesh modelling package, a 

comprehensive modelling system for two-dimensional water modelling developed at the Danish 

Hydraulic Institute (DHI).  Modelled currents and water levels have been validated against 

measurements from several locations within the wind farm zone, with additional long-term regional 

measurements used for validating water levels.  See Section 5 for details. 

¶ Waves are modelled with a bespoke SWAN (Simulating Waves Nearshore) model with high resolution 

regional nests, to produce a 39-year wave hindcast between 1982 and 2020 inclusive.  The model has 

been extensively validated against measured datasets in the region.  See Section 5 for details. 

Thereafter, Section 7 presents map plots to illustrate the spatial variability of metocean parameters across the 

lease area and surrounds, whilst Section 8 provides a summary of possible changes to metocean conditions at 

the site driven by climate change.  The document concludes with a list of the references used throughout 

(Section 9) and various appendices providing more detail on a number of topics outlined in preceding sections. 

The first revision of this report (SSE_C00002_R01_Metocean_Data_Overview) was written following the 

retrieval of measured data from the first of three deployments.  It has subsequently been updated 

(SSE_C00002_R02_Metocean_Data_Overview) to make use of the full duration of observations.  However, 

these updates only pertain to the model validations presented in Section 5, Section 6 and Appendix C. 
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3 Bathymetry and Coastline 

3.1 Bathymetry 

A representative bathymetry dataset was required as input to the wave and hydrodynamic models.  This was 

achieved by merging four different datasets which originated from: 

¶ European Marine Observation and Data Network (EMODnet)  

¶ Oceanwise 

¶ SeaDataNet 

¶ SPL-supplied survey data from 2019 

Far-field bathymetry data for the models were sourced from the EMODnet Bathymetry Data Portal1.  

EMODnet provides a service for viewing and downloading a harmonised Digital Terrain Model (DTM) for the 

European sea regions that is generated by an ever-increasing number of bathymetric survey data sets provided 

by national hydrographic institutions, research bodies and academia.  As of 2018, these data are available at a 

resolution of approximately 130 m.  

These data were then merged with Oceanwise raster charts which have a resolution of 1 arc-second (or 

approximately 25 m, depending on latitude), whereby physical features such as trenches, ridges, sand banks 

and sand waves are well represented.  Figure 3.1 shows the available coverage of Oceanwise data with the 

tiles procured highlighted in green. 

To provide the highest possible resolution input data for the Western Irish Sea, surrounding Arklow Bank, 

individual survey datasets were procured from SeaDataNet.  Available survey datasets in the region of the 

project are shown in the left panel of Figure 3.2 (note different colour-scales to emphasise boundaries 

between different surveys) and have various resolutions between approximately 4 m and 11 m.  Overlapping 

or duplicated datasets were removed, leaving 22 individual survey datasets which were merged, and any small 

gaps were filled using interpolation.  The final merged and interpolated dataset is shown in the right panel of 

Figure 3.2. 

The SPL-supplied survey data from 2019 are also highlighted in this figure, using a different colour scale.  These 

data have a spatial resolution of 1 m and cover the entire wind farm lease area.   

A critical aspect of the bathymetry development for the numerical modelling purposes was to ensure no 

vertical discontinuities at the boundaries between the SeaDataNet and 2019 survey data.  Therefore, the two 

datasets were merged using a tapering method to avoid sudden vertical shifts at dataset edges.  Full details of 

this tapering process are provided in Appendix A. 

 

 
1 http://www.emodnet-bathymetry.eu 

http://www.emodnet-bathymetry.eu/
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Figure 3.1: Coverage of Oceanwise data, and DTM tiles procured shown in green. 
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Figure 3.2.  Available bathymetry surveys from SeaDataNet (left panel), and merged SeaDataNet bathymetry 
surveys and SPL 2019 bathymetry overlain (right panel). 

 

3.2 Bathymetry Datum Conversion 

The bathymetry data were converted from LAT to MSL datum prior to use as required by both the SWAN and 

MIKE21 modelling software.  These datum differences were calculated from the Finite Element Solution 

FES2014 dataset, a 35-constituent, global tidal database available from AVISO2.  We acknowledge that Vertical 

Offshore Reference Frames (VORF) data were made available for use on this project.  These data are the result 

of an ongoing collaboration between University College London and the United Kingdom Hydrographic Office3.  

They provide a set of high-resolution surfaces which together define the vertical datum for hydrographic 

surveying and charting in the United Kingdom and Ireland with a stated accuracy is 0.1 m.  Comparisons 

between FES2014 and VORF derived datum differences are shown in Figure 3.3 and demonstrate differences 

between the two that are within the stated accuracy of the VORF product.  This image also highlights the 

limited coverage of the VORF data provided and hence why the FES2014 data were preferentially used.  

However, the reader should note that VORF will be used for all reporting where the provision of LAT to MSL 

datums are required. 

 
2 https://www.aviso.altimetry.fr/en/data/products/auxiliary-products/global-tide-fes.html 
3 https://www.ucl.ac.uk/civil-environmental-geomatic-engineering/research/groups-centres-and-
sections/vertical-offshore-reference-frames-vorf 

https://www.aviso.altimetry.fr/en/data/products/auxiliary-products/global-tide-fes.html
https://www.ucl.ac.uk/civil-environmental-geomatic-engineering/research/groups-centres-and-sections/vertical-offshore-reference-frames-vorf
https://www.ucl.ac.uk/civil-environmental-geomatic-engineering/research/groups-centres-and-sections/vertical-offshore-reference-frames-vorf


Prepared for Sure Partners Limited 

Metocean Data Overview - Arklow Bank Offshore Wind Farm  
 

 

 

SSE_C00002_R03_Metocean_Data_Overview  22 

 

 

Figure 3.3:  Comparisons between FES2014 and VORF derived datums. 

 

3.3 Coastline 

The coastlines of England, Scotland and Wales were discretised using the Boundary-[ƛƴŜϰ ƳŜŀƴ ƘƛƎƘ ǿŀǘŜǊ 

mark vector product, from the Ordnance Survey, which describes the position of Mean High-Water Springs. 

For continental Europe, the island of Ireland, and the Isle of Man, the coastline layer from OpenStreetMap was 

used.  These data were used in conjunction with satellite imagery to provide the most accurate and 

appropriate coastline description for the models.  Furthermore, they were found to have a better 

representation of coastal features than data available from the Ordnance Survey Ireland. 
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4 Winds 

4.1 Introduction 

ABWF is close to the Irish coastline and the nearby Wicklow mountains resulting in complexity to the local 

wind regime.  An accurate description of the local wind fields is important to this study, both in terms of the 

vertical wind profile experienced by prospective wind turbines and their structures, and in terms of the surface 

winds that affect local wave growth.  Therefore, the wind fields have been carefully considered such that the 

combined effects of wind and waves can be described accurately and coherently.  

4.2 Modelled Wind Data 

A bespoke down-scaled wind field dataset of the Irish Sea, with an approximate resolution of 3km, was 

supplied by Sure Partners Limited.  This was sourced from Vortex Factoria de Càlculs SL (Vortex), and was 

derived as a downscaled implementation of the European Centre for Medium-Range Weather Forecasts 

(ECMWF) ReAnalysis 5 (ERA5). 

 

Figure 4.1:  Coverage of Vortex wind hindcast dataset supplied by SPL. 

 

Additionally, gridded modelled ECMWF ERA5 data were used to drive regional scale models directly.  ERA5 is 

the fifth and latest major global reanalysis produced by ECMWF and data are available on a regular latitude-
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longitude grid at 0.25-degree (approximately 28 km) resolution via the Copernicus Climate Change Service 

(C3S) Climate Data Store. 

Data from both models were acquired at hourly intervals between January 1982 and February 2021 at 10m as 

well as higher elevations.  Here, we focus on data at 10m which were used to drive the wave and 

hydrodynamic models. 

An averaging period of 3-hours should be associated with modelled wind speeds.  Please see Appendix F for 

more details. 

4.3 Measured Wind Data 

A number of measured datasets relevant to Arklow were provided by Sure Partners Limited for validation of 

the wind models.  These were supplemented with buoy data acquired from the Irish Marine Institute and the 

Commissioners of Irish Lights.  Details are given in Table 4.1 and Figure 4.2. 

Table 4.1:  Measured datasets used for wind model validation. 

Dataset Location Time Period Height Range 

Arklow Met Mast  52.8855 °N, 5.9234 °W 21-Feb-2001 to 26-Aug-2019 15.0 to 42.5 mAMSL 

Arklow LiDAR 52.8855 °N, 5.9234 °W 07-Nov-2019 to 05-Nov-2020 21.3 to 299.3 mAMSL 

M2 53.4836 °N, 5.4302 °W 26-Oct-2010 to 27-Apr-2020 3.5 mASL 

M5 51.6904 °N, 6.7043 °W 21-Feb-2012 to 27-Apr-2020 3.5 mASL 

Splaugh 52.2394 °N, 6.2788 °W 01-Apr-2016 to 01-Jan-2018 5.0 mASL 

Coningbeg 52.0539 °N, 6.6411 °W 08-Apr-2016 to 01-Jan-2018 8.0 mASL 
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Figure 4.2:  Wind measurement locations. 

4.4 Model Validation 

Prior to use both the Vortex downscaled and the raw ERA5 data were subjected to calibration.  Here we 

provide validation plots of the calibrated modelled 10 m wind speeds at Arklow, M2, and M5.  More details 

can be found in in Appendix B.  

Following aŜǘhŎŜŀƴ²ƻǊƪǎΩ ŀŘƧǳǎǘƳŜƴǘΣ the modelled values are in good overall agreement with the 

measured data, as seen in Figure 4.3 through to Figure 4.10 and are deemed of a high quality, suitable as 

inputs to the wave and hydrodynamic models.  Furthermore, there is little difference in terms of performance 

between the calibrated ERA5 and Vortex data. 
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Figure 4.3:  Calibrated Vortex Model vs. Measured, Arklow Met Mast at 10 m.  
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Figure 4.4:  Calibrated ERA5 Model vs. Measured, Arklow Met Mast at 10 m. 
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Figure 4.5:  Calibrated Vortex Model vs. Measured, Arklow LiDAR at 10 m. 
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Figure 4.6:  Calibrated ERA5 Model vs. Measured, Arklow LiDAR at 10 m. 
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Figure 4.7:  Calibrated Vortex Model vs. Measured, M2 at 10 m. 
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Figure 4.8:  Calibrated ERA5 Model vs. Measured, M2 at 10 m. 
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Figure 4.9:  Calibrated Vortex Model vs. Measured, M5 at 10 m. 
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Figure 4.10:  Calibrated ERA5 Model vs. Measured, M5 at 10 m. 
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5 Hydrodynamics 

Current and water level parameters were produced from a high-resolution local, flexible mesh hydrodynamic 

model.  Boundary conditions to this model originated from a project-ǎǇŜŎƛŦƛŎ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ aŜǘhŎŜŀƴ²ƻǊƪǎΩ 

European Hindcast Model, which has been validated against several datasets to ensure accurate propagation 

of the tidal wave from open water into the Irish Sea.  The local model was subjected to sensitivity testing and 

validation, before depth-averaged currents and water-levels were output at 20-minute intervals for the 39-

year period between January 1982 and February 2021. 

Model parameters should be considered as representative of 10-minute averages. 

5.1 Measured Hydrodynamic Data 

To support calibration and validation of the hydrodynamic model, measured data were acquired from the Irish 

Marine Institute, the Office of Public Works as well as those provided by Sure Partners Limited.  An overview of 

the measured datasets can be found in Table 5.1 and Figure 5.1. 

Table 5.1:  Measured datasets used for hydrodynamic model validation. 

Dataset Location Time Period 
Water Depth 

[mMSL] 
Currents 

Water  

Levels 

AWAC A 
52.9087 °N, 
5.9167 °W 

6-Nov-2019 to 7-Mar-2021 27.4Ϟ V V 

AWAC B1 
52.8496 °N, 
5.9466 °W 

2-Aug-2020 to 7-Mar-2021 30.2 V V 

AWAC C 
52.8218 °N, 
6.0206 °W 

24-Nov-2019 to 19-May-2020 26.3 V V 

AWAC D1 
52.8218 °N, 
6.0206 °W 

1-Aug-2020 to 7-Mar-2021 30.5 V V 

AWAC E 
52.6906 °N, 
5.9940 °W 

24-Nov-2019 to 8-Mar-2021 39.6.7 V V 

Howth Harbour 
53.3915 °N, 
6.0683 °W 

13-Feb-2007 to 26-Nov-2019 Coastal*  x V 

Dublin Port 
53.3457 °N, 
6.2217 °W 

6-Nov-2009 to 1-Jan-2019 Coastal* x V 

Arklow Harbour 
52.7920 °N, 
6.1452 °W 

26-Aug-2003 to 1-Jan-2020 Coastal* x V 

Rosslare Harbour 
52.2546 °N, 
6.6648 °W 

4-Dec-2018 to 3-Jul-2020 Coastal* x V 

Dunmore East 
Harbour 

52.1477 °N, 
6.9919 °W 

23-Apr-2012 to 3-Jul-2020 Coastal* x V 

Ballycotton 
Harbour 

51.8278 °N, 
8.0007 °W 

7-Oct-2010 to 3-Jul-2020 Coastal* x V 

* ¢ƘǊƻǳƎƘƻǳǘΣ ǘƘŜ ǘŜǊƳ άCoastalέ ƛǎ ǳǎŜŘ ǘƻ ŘŜƴƻǘŜ ŀƴ ƛƴǎǘǊǳƳŜƴǘ ƳƻǳƴǘŜŘ ǘƻ ŀ ƘŀǊōƻǳǊ ǿŀƭƭΦ 

Ϟ No valid data was recorded was at AWAC A during Deployment 2 after 5th August 2020. 
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Figure 5.1:  Measured datasets used for hydrodynamic model validation. 

 

5.1.1 Measured Current Profiles 

The vertical profiles of measured currents are reviewed in Appendix H and are fitted to the theoretical power 

law to obtain a recommended exponentΣ ʰΣ for the translation of currents between different depths.  For 

higher current speeds, an exponent of 1/7 is recommended within the lease zone whilst an exponent of 1/9 

may be more appropriate along the cable corridor. 

5.2 Modelling Software 

The hydrodynamic model has been developed using the MIKE21FM 2D flexible mesh modelling package, a 

comprehensive modelling system for two-dimensional water modelling developed at the Danish Hydraulic 

Institute (DHI). 

5.3 Model Boundary Conditions and Spatial Extent 

Tidal boundary conditions to the European model originate from the Finite Element Solution FES2014 dataset.  

This 35-constituent, global data-set has been produced using numerical modelling which assimilates satellite 

observations of water level and has, in our opinion, the best skill of any publicly-available global tide model.  

The dataset includes tide elevations (amplitude and phase) and tide currents on a 0.0625-degree 
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(approximately 7 km) grid.  The model was driven using water levels varying along three open boundaries, as 

shown in Figure 5.2.   

 

Figure 5.2  Regional European MIKE21 flexible model mesh. Bathymetry in m MSL. 

 

The local hydrodynamic model shown in the right-hand panel of Figure 5.3 was driven at its external 

boundaries by velocities (north and south) and water levels (east) from the European-scale model.  The 

velocity boundaries were selected to reflect the principal axis of current flow, aligned with the coast i.e. flow 

will predominantly be perpendicular to these boundaries.  Due to model constraints, water-levels and 

velocities cannot be specified on the same boundary, as a result water-levels were applied along the eastern 

edge. 

The model had a spatial resolution of 75 m within the wind park lease boundary including a 2 km buffer 

surrounding it.  Beyond this buffer, the model had a resolution of approximately 150 m in depths shallower 

than 40 m and a resolution of 225 m further offshore. 
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Figure 5.3  Zoom in of Irish east coast region of MIKE21 flexible model mesh.  Bathymetry in mMSL. 
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Atmospheric forcing for the hydrodynamic model originated from the ECMWF ERA5 dataset and was applied 

to ensure that atmospheric surge effects were properly represented in the model.  This comprised of 

MetOceanWorks adjusted wind speeds, unadjusted wind directions, and unadjusted pressure fields.  It was 

necessary to drive the large-scale model with ERA5 data, given that it covered a much larger domain than the 

Vortex wind fields.  Using different atmospherics at the local level would have risked introducing numerical 

instability to the model, therefore ERA5 data was used at this level also.  Given the similarity between the two 

atmospheric datasets, as demonstrated in Section 4.4, any difference would likely have a marginal impact over 

the small length scales of the local model.  Furthermore, the site is tidally dominated which further reduces 

the overall contribution of wind input at the site. 

5.4 Model Sensitivity Testing 

The model was subjected to a series of sensitivity tests to determine the effects of tuning various input 

parameters. 

5.4.1 Mesh Resolution 

To ensure that an appropriate mesh density was selected for the final hydrodynamic model, a series of tests 

were carried out to demonstrate convergence of results.  Models with varying mesh resolutions within the 

wind farm zone were deployed, and the effects of varying mesh resolution were analysed at four locations.  

Mesh resolutions of 150, 75 and 37.5 m were used in these tests (see Figure 5.4 to Figure 5.6.  Hydrodynamic 

mesh with 37.5 m resolution within the wind farm lease area and surrounds., which also show the analysis 

locations), with comparisons given in Figure 5.7 to Figure 5.10. 

 

Figure 5.4.  Hydrodynamic mesh with 150 m resolution within the wind farm lease area and surrounds. 
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Figure 5.5.  Hydrodynamic mesh with 75 m resolution within the wind farm lease area and surrounds. 

 

Figure 5.6.  Hydrodynamic mesh with 37.5 m resolution within the wind farm lease area and surrounds. 
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Figure 5.7.  Results of model runs with differing mesh resolutions, at AWAC A.  Top row = water level, middle row = current speed, bottom row = current direction.  Left 
column 150 m vs.  75 m.  Middle column 37.5 m vs.  150 m.  Right column = 75 m vs.  37.5 m. 

  
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































