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analysis tracked the crest position of the bank from 1984 to 2025, showing both linear and cyclic 
behaviour. Parts of the crest migrated over 1000 m eastward already within a period of 15 years. 
 
Numerical modelling indicates that overall bed level changes on the scale of Arklow Bank are tide-
dominated. Locally, at the more dynamic shallower water depths along the crestline of the bank, the 
meteorological conditions, and especially the resultant waves, are important. The modelled seabed 
dynamics align well with field observations, especially the long-term morphodynamic changes. 
 
In addition to the large-scale morphological changes, smaller-scale sand waves influence the seabed 
levels. Sand waves with heights up to 14 m are present at several locations on the flanks and at the 
base of Arklow Bank. The most prominent sand waves are observed at the southern perimeter of the 
wind park. The sand waves have high migration rates and are, except for an area in the southeast of 
the wind park, migrating close to - or more than - one wavelength per year. Sand wave asymmetries 
indicate sand wave migration towards the north on the western side and to the south along the 
eastern side of the Arklow Bank. 
 
Future seabed level estimates project potential seabed level variability (incl. all associated 
uncertainties) onto a representative (smoothed) present day bathymetry (2024). Bed levels are 
expressed as Lowest SeaBed Level (LSBL) and Highest SeaBed Level (HSBL) and probabilistic 
levels. 
 
The potential future seabed variability, when discounting the sand waves, shows a spatially variable 
pattern, with significant changes estimated towards the south of Arklow Bank. Locally, vertical 
changes are estimated to exceed 15 m. Towards the southern tip of Arklow Bank sand bank-related 
seabed shifts are potentially underestimated due to known limitations in capturing local 
morphodynamics in the numerical model and limitations in the temporal availability of the bathymetry 
data. 
 
Sand waves in the area are expected to migrate over a distance of at least one crest and trough 
during the lifetime of the wind park. For the majority of the area this already occurs by the installation 
period 2029/2030. Locally, bed level changes due to sand wave dynamics alone can reach 13 m. In 
the southeast, sand waves are estimated to migrate less than a wavelength by the installation period 
2029/2030, resulting in reduced bandwidths for seabed level estimates compared to the lifetime of 
the wind park. 
 
The total potential future bed level variability (incl. all uncertainties) for the lifetime of the wind park 
(2024-2070) typically falls within the range of -6 to +8 m, but in places can reach up to -20 and +30 
m. 
 
The total long-term bed level change, including uncertainties, is summarized below in Figure S.2 for 
the lower envelope (left) and the upper envelope (right). The total potential future bed level variability 
(incl. all uncertainties) for the lifetime of the wind park (2024-2070) typically falls within the range of -
6 to +8 m, but in places can reach up to -20 and +30 m. For the installation period (2024-2029/2030) 
these values are typically within the range of -5 to +5 m, but in places can reach up to -16 and +21 
m. 
 
Future seabed level estimates in areas where bathymetry data was not collected in 2024 
(predominantly on the crest of the Arklow Bank where water depths are less than 7 m LAT) are more 
uncertain. This is generally not where the foundation locations are foreseen. 
 
The estimated seabed level changes presented in this study follow from the applied morphological 
analysis techniques, which describe the natural variability of the analysed morphological system, 
including uncertainties therein. No additional safety margins for design purposes have been applied. 
The effect of future human interventions such as wind farm installation and dredging activities is not 
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Figure S.2 Projected cumulative bed level change over the 4-year period (2024-2070) at Arklow Bank with respect to 
the 2024 bathymetry where the left panel presents the estimated maximum lowering (LSBL) and right panel the 
estimated maximum increase (HSBL) with respect to the 2024 bathymetry. 
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Figure S.2 Projected cumulative bed level change over the 4-year period (2024-2070) at Arklow Bank with respect to

the 2024 bathymetry where the left panel presents the estimated maximum lowering (LSBL) and right panel the

estimated maximum increase (HSBL) with respect to the 2024 bathymetry.
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Sand waves  Bed features with lengths of hundreds of metres and heights up to a few metres. 
Timescales of dynamics are in the order of years 

SBES Single Beam Echo Sounder. Measurement equipment for measuring bathymetries 

SBP Sub-bottom profiler 

Spring -neap cycle  Period over which one spring (highest difference between lowest and highest 
water level) and one neap (smallest difference between lowest and highest water 
level) tide occur 

Suspended load transport  Transport of sediment in the water column 

WGS84 UTM-30N The horizontal coordinate system used in this study 

WT Wind Turbine  
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2 Data availability 

In this chapter, an overview of the available data is presented. Sections 2.1 through 2.4 present an 
overview of all available information, details on the available bathymetry data, geotechnical, 
metocean and satellite data, respectively. A discussion on data is presented in Section 2.5. 

2.1 Bathymetric data 
The two main sources of bathymetric data for this study comprise (i) historical bathymetry data 
available from the INFOMAR portal (INFOMAR, 2023a) and (ii) data provided by the Client.  
 
An overview of the number of surveys available in and around the Arklow Bank Wind Park is 
presented in Figure 2.1. The area of analysis is extended outside the wind park to also cover possible 
dynamics of surrounding areas influencing Arklow Bank. 
 
In the Arklow Bank Wind Park, three site covering surveys are available, conducted in 2000, 2016, 
2019 and 2024 (Alpha Marine, 2019b; Fugro Limited, 2000; INFOMAR, 2020a, 2020b, 2020c)), see 
Figure 2.2. The latest surveys, conducted in 2024, covers most of the site with the exception of the 
shallow crest of the bank (XOcean, 2024). To generate a complete bathymetric map of the site, 
Section 2.1.1 describes the use of a spline interpolation method to estimate bed levels in areas with 
missing data. In some parts of the area, additional repeat surveys were carried out by Alpha Marine 
(2020) and XOcean (2024). An overview of the available surveys is provided in Table 2.1. 
 
Table 2.1 Available bathymetry data in and around the Arklow Bank Wind Park. 

Year Reference  Survey Area  Survey resolution  

2000 Hydrographic Surveys 
Ltd. (2000); Partrac 
(2020) 

Arklow Bank up to approximately 20 m 
depth (see Figure 2.2)  

Single Beam Echo 
Sounder (SBES), lines 
with ~100 m distance 
between cross bank 
lines 

2002 Seacore (2002) Phase 1 Wind Park and export cable route Multi Beam Echo 
Sounder (MBES), 4x4 
m 

2004-2013 e.g., Island Maritime 
(2011) 

Yearly repeat survey of foundation and 
export cables of Arklow Bank Phase 1  

MBES 1x1 m 

2010-2012 INFOMAR (2010, 2011, 
2012a, 2012b) 

Area surrounding Arklow Bank: CV10_01, 
CV11_03, CV12_01 and CV12_02 

MBES 

2016 INFOMAR (2020a, 
2020b, 2020c) 

Arklow Bank Wind Park (see Figure 2.2): 
KRY_16_02, KRY16_03 and GEO16_03 

MBES 2x2 m 

2019 Alpha Marine (2019a, 
2019b) 

Arklow Bank Wind Park and (superseded) 
export cable routes (see Figure 2.2) 

MBES 1x1 m 

2020 Alpha Marine (2020) Repeat multibeam surveys at five locations 
on and around Arklow Bank (see Figure 
2.1) 

MBES 0.25x0.25 m 

2022 Green Rebel (2023) Export cable routes  MBES 0.3x0.3 m 

2024 Green Rebel (2024) Repeat survey lines along the sides of 
Arklow Bank 

MBES 0.25x0.25 m 

2024 XOcean (2024) Extended Arklow Bank Wind Park zone 
exc. top of bank 

MBES 0.25x0.25 m 

 

2 Data availability

In this chapter, an overview of the available data is presented. Sections 2.1 through 2.4 present an
overview of all available information, details on the available bathymetry data, geotechnical,
metocean and satellite data, respectively. A discussion on data is presented in Section 2.5.

2.1 Bathymetric data
The two main sources of bathymetric data for this study comprise (i) historical bathymetry data
available from the INFOMAR portal (INFOMAR, 2023a) and (ii) data provided by the Client.

An overview of the number of surveys available in and around the Arklow Bank Wind Park is
presented in Figure 2.1. The area of analysis is extended outside the wind park to also cover possible
dynamics of surrounding areas influencing Arklow Bank.

In the Arklow Bank Wind Park, three site covering surveys are available, conducted in 2000, 2016,
2019 and 2024 (Alpha Marine, 2019b; Fugro Limited, 2000; INFOMAR, 2020a, 2020b, 2020c)), see
Figure 2.2. The latest surveys, conducted in 2024, covers most of the site with the exception of the
shallow crest of the bank (XOcean, 2024). To generate a complete bathymetric map of the site,
Section 2.1.1 describes the use of a spline interpolation method to estimate bed levels in areas with
missing data. In some parts of the area, additional repeat surveys were carried out by Alpha Marine
(2020) and XOcean (2024). An overview of the available surveys is provided in Table 2.1.

Table 2.1 Available bathymetry data in and around the Arklow Bank Wind Park.

Year Reference Survey Area Survey resolution

2000 Hydrographic Surveys
Ltd. (2000); Partrac
(2020)

Arklow Bank up to approximately 20 m
depth (see Figure 2.2)

Single Beam Echo
Sounder (SBES), lines
with -100 m distance
between cross bank
lines

2002 Seacore (2002) Phase 1 Wind Park and export cable route Multi Beam Echo
Sounder (MBES), 4x4
m

2004-2013 e.g., Island Maritime
(2011)

Yearly repeat survey of foundation and
export cables of Arklow Bank Phase 1

MBES 1x1 m

2010-2012 INFOMAR (2010, 2011,
2012a, 2012b)

Area surrounding Arklow Bank: CV10_01,
CV11_03, CV12_01 and CV12_02

MBES

2016 INFOMAR (2020a,
2020b, 2020c)

Arklow Bank Wind Park (see Figure 2.2):
KRY_16_02, KRY16_03 and GEO16_03

MBES 2x2 m

2019 Alpha Marine (2019a,
2019b)

Arklow Bank Wind Park and (superseded)
export cable routes (see Figure 2.2)

MBES 1x1 m

2020 Alpha Marine (2020) Repeat multibeam surveys at five locations
on and around Arklow Bank (see Figure
2.1)

MBES 0.25x0.25 m

2022 Green Rebel (2023) Export cable routes MBES 0.3x0.3 m

2024 Green Rebel (2024) Repeat survey lines along the sides of
Arklow Bank

MBES 0.25x0.25 m

2024 XOcean (2024) Extended Arklow Bank Wind Park zone
exc. top of bank

MBES 0.25x0.25 m
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For the numerical modelling, bathymetry data was taken from EMODnet (EMODnet Bathymetry 
Consortium, 2020; Schaap & Schmitt, 2020). At Arklow Bank one historic Admiralty Chart was 
collected (Chart 1787) which was published in 1875. The Admiralty Chart gives insight into the 
historical location of certain depth contours but does not include space covering data. Because of 
limited spatial coverage and large uncertainties this data is only used in a qualitative manner. Other 
data sources such as GEBCO are not used in the analysis because of limited spatial coverage and 
large uncertainties in bed levels. 
 

 
Figure 2.1 Overview of the number of surveys available in and around the Arklow Bank Wind Park. The wind park 
mostly contains three surveys. The red parts indicate locations where repeat multibeam surveys have been conducted 
(Alpha Marine, 2020; Green Rebel, 2024). 

For the numerical modelling, bathymetry data was taken from EMODnet (EMODnet Bathymetry
Consortium, 2020; Schaap & Schmitt, 2020). At Arklow Bank one historic Admiralty Chart was
collected (Chart 1787) which was published in 1875. The Admiralty Chart gives insight into the
historical location of certain depth contours but does not include space covering data. Because of
limited spatial coverage and large uncertainties this data is only used in a qualitative manner. Other
data sources such as GEBCO are not used in the analysis because of limited spatial coverage and
large uncertainties in bed levels.
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Figure 2.2 From left to right: Interpolated bathymetry from 2000 measurement data (Fugro Limited, 2000), measured 
bathymetry 2016 (INFOMAR, 2020a, 2020b, 2020c), measured bathymetry 2019 (Alpha Marine, 2019b) and the 
measured bathymetry 2024 (XOcean, 2024). 

2.1.1 Approximation  of  2024 Arklow Bank crest  
The bathymetry data measured by XOcean (2024) is missing a significant part of the shallow crest 
of the Arklow Bank (see right panel in Figure 2.2). A continuous measurement over the entire Arklow 
Bank is required for the morphodynamic modelling performed in Chapter 5. 
 
Given the dynamics of the Arklow Bank, especially in the shallower zones (see Chapter 4), this area 
could not be filled in with data of earlier measurements, e.g. the 2016 or 2019 measurements. 
Furthermore, given the significant extent of the missing part, roughly between 100 and 600 m cross-
bank, no direct interpolation (e.g. linear or nearest neighbour) was possible. 
 
However, given the importance of using the 2024 measurement as starting point for the numerical 
modelling and extrapolation because of closer proximity in time to the period of installation in 
2029/2030 compared to the 2019 measurement, it was decided to artificially determine the bed level 
in the missing areas. It is stressed that except for an approximation of the crestline position from 
remote sensing data no validation of the interpolated parts could be performed. The uncertainty in 
these crest levels, i.e. the deviation from the actual 2024 bed levels in the missing areas, can 
therefore not be quantified. For this reason, estimated bed levels at these locations are more 
uncertain than areas for which bathymetry measurements are available. 
 
The determination of bed levels in the missing areas is performed in two steps: 1) the development 
of an interpolation method based on earlier measurements and 2) the interpolation of the 2024 
bathymetry. These steps are explained in Section 2.1.1.1 and Section 2.1.1.2 respectively. 

2.1.1.1 Development of an interpolation method 
The extent and shape of the missing areas in the 2024 measurements were deemed unfit for a direct 
interpolation. For this reason, a dedicated interpolation method was developed. The most complete 
bathymetry representing the Arklow Bank was chosen as starting point, in this case the 
measurements conducted in 2016 by INFOMAR (2020a, 2020b, 2020c). 
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Figure 2.2 From left to right: Interpolated bathymetry from 2000 measurement data (Fugro Limited, 2000), measured

bathymetry 2016 (INFOMAR, 2020a, 2020b, 2020c), measured bathymetry 2019 (Alpha Marine, 2019b) and the

measured bathymetry 2024 (XOcean, 2024).

2.1.1 Approximation of 2024 Arklow Bank crest
The bathymetry data measured by XOcean (2024) is missing a significant part of the shallow crest
of the Arklow Bank (see right panel in Figure 2.2). A continuous measurement over the entire Arklow
Bank is required for the morphodynamic modelling performed in Chapter 5.

Given the dynamics of the Arklow Bank, especially in the shallower zones (see Chapter 4), this area
could not be filled in with data of earlier measurements, e.g. the 2016 or 2019 measurements.
Furthermore, given the significant extent of the missing part, roughly between 100 and 600 m cross-
bank, no direct interpolation (e.g. linear or nearest neighbour) was possible.

However, given the importance of using the 2024 measurement as starting point for the numerical
modelling and extrapolation because of closer proximity in time to the period of installation in
2029/2030 compared to the 2019 measurement, it was decided to artificially determine the bed level
in the missing areas. It is stressed that except for an approximation of the crestline position from
remote sensing data no validation of the interpolated parts could be performed. The uncertainty in
these crest levels, i.e. the deviation from the actual 2024 bed levels in the missing areas, can
therefore not be quantified. For this reason, estimated bed levels at these locations are more
uncertain than areas for which bathymetry measurements are available.

The determination of bed levels in the missing areas is performed in two steps: 1) the development
of an interpolation method based on earlier measurements and 2) the interpolation of the 2024
bathymetry. These steps are explained in Section 2.1.1.1 and Section 2.1.1.2 respectively.

2.1.1.1 Development of an interpolation method
The extent and shape of the missing areas in the 2024 measurements were deemed unfit for a direct
interpolation. For this reason, a dedicated interpolation method was developed. The most complete
bathymetry representing the Arklow Bank was chosen as starting point, in this case the
measurements conducted in 2016 by INFOMAR (2020a, 2020b, 2020c).
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The 2016 bathymetry was cutoff at -7 m LAT to mimic the missing part of the 2024 bathymetry. 
Various interpolation methods were tested to interpolate the cutoff data such that a close comparison 
was found with the original 2016 data. Ultimately a combination of interpolation methods was chosen 
based on slopes, water depths and shape of the Arklow Bank combining linear and spline 
interpolations. The custom interpolation method ensures that no unrealistic water depths (for example 
above LAT) and slopes were reached. Below two examples are given for the interpolation of the 2016 
cutoff bathymetry. It can be seen that the custom interpolation follows the measurements to a large 
extent. 
 

 
Figure 2.3 Examples of the interpolation method developed to fill in large gaps at the shallower parts of the Arklow 
Bank. The measured bathymetry is represented by the dark blue and red (cutoff bathymetry), the custom interpolation 
by the light blue line and a spline interpolation by the black line. 

2.1.1.2 Interpolation of the 2024 bathymetry 
Following the development of the interpolation method, the 2024 bathymetry is interpolated. Prior to 
the interpolation, the edges of the missing areas are checked to ensure that no measurement errors 
are present impacting the interpolation. Locally some small areas, comprising of a few data cells, 
where clipped from the 2024 bathymetry. The resulting interpolated bathymetry is shown in 
Figure 2.4. 
 
The resulting interpolated bathymetry shows a continuous representation of the Arklow Bank and is 
used in the numerical modelling and estimates of future seabed levels. It was found that the crest 
locations are comparable to earth observation results. However, it must be stressed that the shallow 
part of the Arklow Bank is artificially determined, and its accuracy can only be determined when 
compared to actual measurements. For this reason, estimated bed levels at these locations are more 
uncertain than areas for which bathymetry measurements are available. 

The 2016 bathymetry was cutoff at -7 m LAT to mimic the missing part of the 2024 bathymetry.
Various interpolation methods were tested to interpolate the cutoff data such that a close comparison
was found with the original 2016 data. Ultimately a combination of interpolation methods was chosen
based on slopes, water depths and shape of the Arklow Bank combining linear and spline
interpolations. The custom interpolation method ensures that no unrealistic water depths (for example
above LAT) and slopes were reached. Below two examples are given for the interpolation of the 2016
cutoff bathymetry. It can be seen that the custom interpolation follows the measurements to a large
extent.

Figure 2.3 Examples of the interpolation method developed to fill in large gaps at the shallower parts of the Arklow

Bank. The measured bathymetry is represented by the dark blue and red (cutoff bathymetry), the custom interpolation

by the light blue line and a spline interpolation by the black line.

2.1.1.2 Interpolation of the 2024 bathymetry
Following the development of the interpolation method, the 2024 bathymetry is interpolated. Prior to
the interpolation, the edges of the missing areas are checked to ensure that no measurement errors
are present impacting the interpolation. Locally some small areas, comprising of a few data cells,
where clipped from the 2024 bathymetry. The resulting interpolated bathymetry is shown in
Figure 2.4.

The resulting interpolated bathymetry shows a continuous representation of the Arklow Bank and is
used in the numerical modelling and estimates of future seabed levels. It was found that the crest
locations are comparable to earth observation results. However, it must be stressed that the shallow
part of the Arklow Bank is artificially determined, and its accuracy can only be determined when
compared to actual measurements. For this reason, estimated bed levels at these locations are more
uncertain than areas for which bathymetry measurements are available.
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Table 2.2 Available geotechnical data. Locations of boreholes and samples are shown in Figure 2.5 

Reference  Year Specification  

Fugro Limited (2000) 2000 6 boreholes  

Aquatic Services Unit (2022); 
Hydroserv Projects Ltd. (2005) 

2004-2011 and 2021 Yearly environmental campaigns: 20 benthic 
grab samples  

Geoquip Marine Operations AG (2020) 2020 2 boreholes 

Fugro (2022) 2022 9 boreholes  

Cathie (2022a) 2022 Ground model 

Cathie (2022b) 2022 Geotechnical interpretative report  

GEO (2024) 2023 Geotechnical campaign: water depth and depth 
of cohesive soils  

NGI (2024) 2024 Ground model 

AQUAFACT (2025) 2024 27 grab samples 

INFOMAR  Sediment samples and sediment classification 

 

 
Figure 2.5 Overview of geotechnical data available including an overview of the seabed classification from 
(INFOMAR, 2023b). 

Table 2.2 Available geotechnical data. Locations of boreholes and samples are shown in Figure 2.5

Reference Year Specification

Fugro Limited (2000) 2000 6 boreholes

Aquatic Services Unit (2022);
Hydroserv Projects Ltd. (2005)

2004-2011 and 2021 Yearly environmental campaigns: 20 benthic
grab samples

Geoquip Marine Operations AG (2020) 2020 2 boreholes

Fugro (2022) 2022 9 boreholes

Cathie (2022a) 2022 Ground model

Cathie (2022b) 2022 Geotechnical interpretative report

GEO (2024) 2023 Geotechnical campaign: water depth and depth
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AQUAFACT (2025) 2024 27 grab samples

INFOMAR Sediment samples and sediment classification

Legend
• 2000 Campaign
• 2002 Campaign
• 2020 Campaign
• 2022 Campaign
• 2023 Campaign
• 2024 Campaign
• Benthic grab samples [2004-2021]
• INFOMAR sediment samples

Coarse sediment
Mixed sediment
Sand

ƴƴ  Rock
Mud to muddy Sand

ƴ1 Unclassified

N
o

rt
h

in
g

 W
G

S
 8

4
 /

 U
T

M
 z

on
e 

30
N

 [
km

]

Figure 2.5 Overview of geotechnical data available including an overview of the seabed classification from

(INFOMAR, 2023b).
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Figure 2.6 Depth below the seabed of the base of the top soil layer at Arklow Bank (left panel) and the top of the 
gravel layer interbedded in U0 (right panel). Map based data is obtained from Cathie (2022a), point data from NGI 
(2024). Gaps in the presented data indicate locations where the above geological horizons were not detected (either 
due to no available data or absence of that formation). Note that the colourbar is capped for visualisation purposes. 

2.3 Metocean data 
In-situ measured metocean data captured at five main AWAC locations (A, B1, C, D1 and E in 
Figure 2.7), deployed by Fugro at Arklow Bank, is used to verify the performance of the refined 
hydrodynamics and wave model. The initial deployments were completed in November 2019. Two 
additional deployments were completed in March 2021 (Fugro, 2021b). Table 2.3 presents the time 
periods for which measurement data are available for the present study. 
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Figure 2.6 Depth below the seabed of the base of the top soil layer at Arklow Bank (left panel) and the top of the

gravel layer interbedded in UO (right panel). Map based data is obtained from Cathie (2022a), point data from NGI

(2024). Gaps in the presented data indicate locations where the above geological horizons were not detected (either

due to no available data or absence of that formation). Note that the colourbar is capped for visualisation purposes.

2.3 Metocean data
ln-situ measured metocean data captured at five main AWAC locations (A, B1, C, D1 and E in
Figure 2.7), deployed by Fugro at Arklow Bank, is used to verify the performance of the refined
hydrodynamics and wave model. The initial deployments were completed in November 2019. Two
additional deployments were completed in March 2021 (Fugro, 2021b). Table 2.3 presents the time
periods for which measurement data are available for the present study.
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2.4 Satellite data 
The satellite images used in this study were obtained from the freely and openly accessible multi-
petabyte data catalogue of Microsoft Planetary Computer. More precisely, images from Landsat (4-
9) and Sentinel-2 were obtained for the area of interest. Table 2.4 contains an overview of the satellite 
data used for this study. Figure 2.8 contains an example of a single Sentinel-2 image taken on 2024-
06-23. Note that the crest of Arklow Bank is clearly visible in this image. 
 
Table 2.4 Overview of the satellite data used for this study. 

Satellites  Mission start s date Mission end date  Image resolution  

Landsat -4 July 1982 June 2001 30 meters 

Landsat -5 March 1984  January 2013 30 meters 

Landsat -7 April 1999 Still operational 30 meters 

Landsat -8 February 2013 Still operational 30 meters 

Landsat -9 September 2021 Still operational 30 meters 

Sentinel -2 June 2016 Still operational 10 meters 

 

 
Figure 2.8 Sentinel-2 image taken on 2024-06-23. 

2.4 Satellite data
The satellite images used in this study were obtained from the freely and openly accessible multi-
petabyte data catalogue of Microsoft Planetary Computer. More precisely, images from Landsat (4-
9) and Sentinel-2 were obtained for the area of interest. Table 2.4 contains an overview of the satellite
data used for this study. Figure 2.8 contains an example of a single Sentinel-2 image taken on 2024-
06-23. Note that the crest of Arklow Bank is clearly visible in this image.

Table 2.4 Overview of the satellite data used for this study.

Satellites Mission starts date Mission end date Image resolution

Landsat-4 July 1982 June 2001 30 meters

Landsat-5 March 1984 January 2013 30 meters
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Landsat-8 February 2013 Still operational 30 meters

Landsat-9 September 2021 Still operational 30 meters
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Figure 2.8 Sentinel-2 image taken on 2024-06-23.
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3.4.3 Sand banks in sediment scarce environments  
The modelling studies mentioned in the previous section have assumed an unlimited sand supply to 
the sand bank. However, in some environments a scarcity of sediment can occur due to underlying 
clay or gravel layers. This is the case for among others the Norfolk Banks, where gravel was found 
in the troughs between the sand banks (Caston, 1972). Also, in the Irish Sea, large patches of gravel 
are observed (see Figure 3.2), which may lead to a limited supply of sediment to the sand bank. Van 
Veelen et al. (2023) found a significant influence of limited sediment availability on sand bank 
characteristics in their idealized modelling study. With a reduced initial sediment layer, the equilibrium 
height of the sand banks was limited. Interestingly, they also found a significant effect of the sediment 
scarcity on the asymmetry and migration rate of Arklow Bank. With very limited sediment supply, the 
final bank shape showed a slightly negative asymmetry, where the steep slope opposed the residual 
current, which evolved to a highly positive asymmetry for increased sediment availability. In their 
model study, Van Veelen et al. (2023) found a maximum migration rate of the sand bank with a 
uniform sand layer thickness of 3.75 m. The migration rate with this layer thickness was almost 3 
times as high compared to the case with unlimited sediment availability. With both a thicker and 
thinner sand layer the migration rate would decrease. 
 

 
Figure 3.3 Tidal sand bank classification by Kenyon & Cooper (2005), modified from Dyer & Huntley (1999), for 
headland banner banks and open shelf banks. Blue arrows indicate bed load transport paths; green lines indicate bed 
load convergence.  

3.4.4 Arklow Bank  
As presented in Section 3.4.1, Arklow Bank can be classified as a Type 1 Open Shelf Linear Bank 
based on the classification of Dyer and Huntley (1999), see Figure 3.3. There is still much unknown 
about the formation of Arklow Bank. The location of the northern tip of Arklow Bank might be 
connected to the Wicklow Trough. However, no conclusive evidence has been presented to support 
this theory. The same is true for the theory that Arklow Bank formed on top of a gravel deposit, 
mentioned by Partrac (2022). The Open Shelf Linear Banks evolve under a small oblique angle 
(anticlockwise in the Northern Hemisphere) with the main tidal axis. This leads to ebb dominance on 
one side and flood dominance on the other side of Arklow Bank and thus causes convergence of bed 
load sediment transport. Especially when the crest of the bank is at or just several meters below the 
low tide mark, free surface waves can play a big role in transporting sediment across the bank, thus 

3.4.3 Sand banks in sediment scarce environments
The modelling studies mentioned in the previous section have assumed an unlimited sand supply to
the sand bank. However, in some environments a scarcity of sediment can occur due to underlying
clay or gravel layers. This is the case for among others the Norfolk Banks, where gravel was found
in the troughs between the sand banks (Caston, 1972). Also, in the Irish Sea, large patches of gravel
are observed (see Figure 3.2), which may lead to a limited supply of sediment to the sand bank. Van
Veelen et al. (2023) found a significant influence of limited sediment availability on sand bank
characteristics in their idealized modelling study. With a reduced initial sediment layer, the equilibrium
height of the sand banks was limited. Interestingly, they also found a significant effect of the sediment
scarcity on the asymmetry and migration rate of Arklow Bank. With very limited sediment supply, the
final bank shape showed a slightly negative asymmetry, where the steep slope opposed the residual
current, which evolved to a highly positive asymmetry for increased sediment availability. In their
model study, Van Veelen et al. (2023) found a maximum migration rate of the sand bank with a
uniform sand layer thickness of 3.75 m. The migration rate with this layer thickness was almost 3
times as high compared to the case with unlimited sediment availability. With both a thicker and
thinner sand layer the migration rate would decrease.
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Figure 3.3 Tidal sand bank classification by Kenyon & Cooper (2005), modified from Dyer & Huntley (1999), for

headland banner banks and open shelf banks. Blue arrows indicate bed load transport paths; green lines indicate bed

load convergence.

3.4.4 Arklow Bank
As presented in Section 3.4.1, Arklow Bank can be classified as a Type 1 Open Shelf Linear Bank
based on the classification of Dyer and Huntley (1999), see Figure 3.3. There is still much unknown
about the formation of Arklow Bank. The location of the northern tip of Arklow Bank might be
connected to the Wicklow Trough. However, no conclusive evidence has been presented to support
this theory. The same is true for the theory that Arklow Bank formed on top of a gravel deposit,
mentioned by Partrac (2022). The Open Shelf Linear Banks evolve under a small oblique angle
(anticlockwise in the Northern Hemisphere) with the main tidal axis. This leads to ebb dominance on
one side and flood dominance on the other side of Arklow Bank and thus causes convergence of bed
load sediment transport. Especially when the crest of the bank is at or just several meters below the
low tide mark, free surface waves can play a big role in transporting sediment across the bank, thus
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To better predict the bed level changes, Partrac (2022) developed a 2 dimensional horizontal (2DH) 
coupled hydrodynamic/morphology model in MIKE21. The model was driven at its northern and 
southern boundaries using velocities, and at its eastern boundary by water levels from the European 
basin-scale model. The local model has a flexible triangular mesh with a varying resolution between 
225 and 75 m inside the Arklow Bank Wind Park with a 1 km buffer. This model resolution was not 
capturing bedform migration such as megaripples and small sand waves. The hydrodynamics in the 
model were validated using ADCP measurements. Their sensitivity tests regarding storm waves 
suggested that waves have a limited and short-term destructive influence on Arklow Bank. They 
assumed that tidal flows are driving the long-term morphological response of Arklow Bank, thus the 
effects of storm waves were not included in the long-term morphological simulations. The sediment 
sizes and thickness of the erodible layer were spatially varying; grain sizes were small in the middle 
and southern part of the wind park and larger at the northern part. The results indicate that residual 
flow and net sediment transport is towards the north on the western side of Arklow Bank and 
southward on the eastern side. Furthermore, they suggest that the difference in tidal water level leads 
to strong flows over the crest in the middle of Arklow Bank, towards the east during flood and west 
during ebb. They conclude that the observed and modelled bed level changes on occasion exceed 
15 to 20 m, which are significant risks for the wind park. 
 
In a study by Creane et al. (2023) the response of Arklow Bank system to 1 year of tidal forcing was 
examined using a 2DH numerical model in MIKE21. The model covers the full Irish Sea and around 
Arklow Bank and Seven Fathoms Bank the resolution is increased through a flexible triangular mesh, 
to minimum grid sizes of 50-80 m. The hydrodynamics in the model were validated using ADCP 
measurements, but the morphological changes of Arklow Bank could not be validated due to lack of 
public bathymetry data (Creane et al., 2023). The model results reveal a pattern of residual current 
eddies, both on top of and next to the bank, which could migrate over hundreds of meters in a period 
of months. Through these residual current eddies, the authors were able to explain the spatial and 
temporal changes in Arklow Bank migration direction as well as the long-term base stability of the 
bank. They divided Arklow Bank into sub-cells which showed similar morphological behaviour. This 
division as well as the driving hydrodynamics are shown in Figure 3.5. The passing eddies cause a 
succession of westward, reduced and eastward residual currents, leading to an east-west fluctuation 
of Arklow Bank, intermitted by relatively stable periods (Creane et al., 2023). Although the authors 
were unable to validate the morphological results, the (spatio-temporal changes in) sedimentation-
erosion patterns show similarities to observations from data by Partrac (2022).  
 

To better predict the bed level changes, Partrac (2022) developed a 2 dimensional horizontal (2DH)
coupled hydrodynamic/morphology model in MIKE21. The model was driven at its northern and
southern boundaries using velocities, and at its eastern boundary by water levels from the European
basin-scale model. The local model has a flexible triangular mesh with a varying resolution between
225 and 75 m inside the Arklow Bank Wind Park with a 1 km buffer. This model resolution was not
capturing bedform migration such as megaripples and small sand waves. The hydrodynamics in the
model were validated using ADCP measurements. Their sensitivity tests regarding storm waves
suggested that waves have a limited and short-term destructive influence on Arklow Bank. They
assumed that tidal flows are driving the long-term morphological response of Arklow Bank, thus the
effects of storm waves were not included in the long-term morphological simulations. The sediment
sizes and thickness of the erodible layer were spatially varying; grain sizes were small in the middle
and southern part of the wind park and larger at the northern part. The results indicate that residual
flow and net sediment transport is towards the north on the western side of Arklow Bank and
southward on the eastern side. Furthermore, they suggest that the difference in tidal water level leads
to strong flows over the crest in the middle of Arklow Bank, towards the east during flood and west
during ebb. They conclude that the observed and modelled bed level changes on occasion exceed
15 to 20 m, which are significant risks for the wind park.

In a study by Creane et al. (2023) the response of Arklow Bank system to 1 year of tidal forcing was
examined using a 2DH numerical model in MIKE21. The model covers the full Irish Sea and around
Arklow Bank and Seven Fathoms Bank the resolution is increased through a flexible triangular mesh,
to minimum grid sizes of 50-80 m. The hydrodynamics in the model were validated using ADCP
measurements, but the morphological changes of Arklow Bank could not be validated due to lack of
public bathymetry data (Creane et aL, 2023). The model results reveal a pattern of residual current
eddies, both on top of and next to the bank, which could migrate over hundreds of meters in a period
of months. Through these residual current eddies, the authors were able to explain the spatial and
temporal changes in Arklow Bank migration direction as well as the long-term base stability of the
bank. They divided Arklow Bank into sub-cells which showed similar morphological behaviour. This
division as well as the driving hydrodynamics are shown in Figure 3.5. The passing eddies cause a
succession of westward, reduced and eastward residual currents, leading to an east-west fluctuation
of Arklow Bank, intermitted by relatively stable periods (Creane et al., 2023). Although the authors
were unable to validate the morphological results, the (spatio-temporal changes in) sedimentation-
erosion patterns show similarities to observations from data by Partrac (2022).
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Figure 3.5 Schematic diagram by Creane et al. (2023) showing the (changes in) hydrodynamic processes, which are 
driving the morphological development of Arklow Bank, resulting from tidal forcing over a 1 year model run. 

3.5 Sand wave dynamics 

3.5.1 Sand wave formation  
Tidal sand waves are found at the bed of sandy seas throughout the world. Sand waves are 
generated by the residual vertical circulation in the water column (Allen, 1980; Hulscher, 1996). Due 
to oscillating tidal flow over initially small perturbations of the seabed, residual vertical circulation cells 
are formed in the bottom boundary layer that transport sediment from the troughs to the crests, 
thereby initiating and maintaining sand waves (Allen, 1980) as shown in Figure 3.6). More recent 
modelling studies corroborated this process of formation. If sand waves are removed by dredging 
they may regenerate within a time period of years (Knaapen & Hulscher, 2002). In (Besio & 
Rodriguez, 2006) and Borsje et al. (2014) the influence of bed load (growth) and suspended load 
(dampening) transport on the formation and evolution of sand waves was demonstrated using linear 
stability and process-based (e.g. Delft3D) models. This dampening effect of suspended sediment 
transport is able to explain the absence of sand waves in part of the North Sea where this transport 
mode is dominant (Borsje et al., 2014). 
 

 
Figure 3.6 Isolines of net tide-integrated velocities due to oscillating tidal flow over perturbed bed that cause sand 
wave formation (from Allen, 1980). 
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Figure 3.5 Schematic diagram by Creane et al. (2023) showing the (changes in) hydrodynamic processes, which are

driving the morphological development of Arklow Bank, resulting from tidal forcing over a 1 year model run.

3.5 Sand wave dynamics

3.5.1 Sand wave formation
Tidal sand waves are found at the bed of sandy seas throughout the world. Sand waves are
generated by the residual vertical circulation in the water column (Allen, 1980; Hulscher, 1996). Due
to oscillating tidal flow over initially small perturbations of the seabed, residual vertical circulation cells
are formed in the bottom boundary layer that transport sediment from the troughs to the crests,
thereby initiating and maintaining sand waves (Allen, 1980) as shown in Figure 3.6). More recent
modelling studies corroborated this process of formation. If sand waves are removed by dredging
they may regenerate within a time period of years (Knaapen & Hulscher, 2002). In (Besio &
Rodriguez, 2006) and Borsje et al. (2014) the influence of bed load (growth) and suspended load
(dampening) transport on the formation and evolution of sand waves was demonstrated using linear
stability and process-based (e.g. Delft3D) models. This dampening effect of suspended sediment
transport is able to explain the absence of sand waves in part of the North Sea where this transport
mode is dominant (Borsje et al., 2014).
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Figure 3.6 Isolines of net tide-integrated velocities due to oscillating tidal flow over perturbed bed that cause sand

wave formation (from Allen, 1980).
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westerly direction. Towards the southern tip of the sand bank the sand wave migration rates reduce 
towards a convergence zone where they meet northward migrating sand waves. Towards this 
convergence zone the sand waves become more symmetrical, sharp crested and higher and change 
crest orientation from W-E towards SW-NE, see Figure 3.7 (Creane et al., 2022). South of this 
convergence zone progressive, symmetric, sharp crested sand waves are found with average 
migration rates of 2.5 m/yr (Creane et al., 2022). The largest migration rates in this area were 
observed at the western flank of the sand bank, where northwards migration of up to 32.7 m/yr was 
observed. This increase in migration rates is again combined with a rounding of the sand wave crests 
and a change in crest orientation. The sand wave features did not persist in the region close to the 
crest of the sand bank. 
 

 
Figure 3.7 Sand wave shapes (B) and dynamics (C and D) at the southern edge of Arklow Bank, as presented by 
(Creane et al., 2022) including location of derived bed load convergence zones. 

 

westerly direction. Towards the southern tip of the sand bank the sand wave migration rates reduce
towards a convergence zone where they meet northward migrating sand waves. Towards this
convergence zone the sand waves become more symmetrical, sharp crested and higher and change
crest orientation from W-E towards SW-NE, see Figure 3.7 (Creane et al., 2022). South of this
convergence zone progressive, symmetric, sharp crested sand waves are found with average
migration rates of 2.5 m/yr (Creane et al., 2022). The largest migration rates in this area were
observed at the western flank of the sand bank, where northwards migration of up to 32.7 m/yr was
observed. This increase in migration rates is again combined with a rounding of the sand wave crests
and a change in crest orientation. The sand wave features did not persist in the region close to the
crest of the sand bank.
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Figure 3.7 Sand wave shapes (B) and dynamics (C and D) at the southern edge of Arklow Bank, as presented by

(Creane et al., 2022) including location of derived bed load convergence zones.

35 of 227 Arklow Bank Sediment Mobility Assessment

11208610-002-HYE-0002, 30 April 2025

Delta res















 
 

 

42 of 227  Arklow Bank Sediment Mobility Assessment 
11208610-002-HYE-0002, 30 April 2025 

migration of the profile can cause large bed level differences. A quite stable base of Arklow Bank is 
observed at a depth of around 30-35 m between 2016 and 2024. Between 2000 and 2016 the profile 
has moved eastwards over time at all locations included in the 2000 bathymetry. However, the 2000 
bathymetry measurements are limited to around -23 m at this location, making it impossible to 
conclude anything about the long-term stability of areas below this contour. The 2000 measurements 
do show bed level changes at locations where the profile was stable between 2016 and 2019, 
showing that this period is not sufficiently long to draw conclusions about stability of the bank.  
 

 
Figure 4.4 Measured bathymetry in a cross-bank profile at transect 58 where opposing migration took place in 
subsequent periods (upper) and at transect 105 with the highest migration rate of the COM (lower). At each location 
the right plots show the locations of the transect with the large-scale bathymetry from INFOMAR (2023a). 

4.1.3 1D Arklow Bank Wind Park Phase 1 t ransect analysis  
The large-scale bank transect analysis showed that in short periods of time large variations in Arklow 
Bank profile can take place. This observation raises two additional questions: 
 

1. What is the timescale for these changes (i.e. do they happen gradually over the years, or 
more quickly in a certain period) and  

2. What is the spatial extent of the profile variations between the 2000 and 2016 surveys.  
 
Bank covering data is lacking between 2000 and 2016, but the yearly surveys in the Phase 1 Wind 
Park may help towards answering these questions. These surveys only cover the top of Arklow Bank 
within the Phase 1 Wind Park (see Figure 1.1) and do not provide direct information on the lower 
parts of the Arklow Bank. However, they provide additional insight into changes in asymmetry of the 
bank aiding in the understanding of the bank dynamics. To limit influences by the installed monopiles, 
the analysed transects are located at the centrelines between the turbine locations. 
 
The extracted bathymetries for one of these locations are shown in Figure 4.5. The other transects 
are included in Appendix A.1. From the intermediate surveys it is clear that the asymmetry and level 
of the top of Arklow Bank may remain stable for several years on end. At the location shown in 

migration of the profile can cause large bed level differences. A quite stable base of Arklow Bank is
observed at a depth of around 30-35 m between 2016 and 2024. Between 2000 and 2016 the profile
has moved eastwards over time at all locations included in the 2000 bathymetry. However, the 2000
bathymetry measurements are limited to around -23 m at this location, making it impossible to
conclude anything about the long-term stability of areas below this contour. The 2000 measurements
do show bed level changes at locations where the profile was stable between 2016 and 2019,
showing that this period is not sufficiently long to draw conclusions about stability of the bank.
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Figure 4.4 Measured bathymetry in a cross-bank profile at transect 58 where opposing migration took place in

subsequent periods (upper) and at transect 105 with the highest migration rate of the COM (lower). At each location

the right plots show the locations of the transect with the large-scale bathymetry from INFOMAR (2023a).

4.1.3 1D Arklow Bank Wind Park Phase 1 transect analysis
The large-scale bank transect analysis showed that in short periods of time large variations in Arklow
Bank profile can take place. This observation raises two additional questions:

1. What is the timescale for these changes (i.e. do they happen gradually over the years, or
more quickly in a certain period) and

2. What is the spatial extent of the profile variations between the 2000 and 2016 surveys.

Bank covering data is lacking between 2000 and 2016, but the yearly surveys in the Phase 1 Wind
Park may help towards answering these questions. These surveys only cover the top of Arklow Bank
within the Phase 1 Wind Park (see Figure 1.1) and do not provide direct information on the lower
parts of the Arklow Bank. However, they provide additional insight into changes in asymmetry of the
bank aiding in the understanding of the bank dynamics. To limit influences by the installed monopiles,
the analysed transects are located at the centrelines between the turbine locations.

The extracted bathymetries for one of these locations are shown in Figure 4.5. The other transects
are included in Appendix A.1. From the intermediate surveys it is clear that the asymmetry and level
of the top of Arklow Bank may remain stable for several years on end. At the location shown in
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Figure 4.5 this was the case between 2000 and 2008 (or at least between 2006 and 2008). However, 
following this stable period, the asymmetry is reversed, from eastward to westward, between 2008 
and 2011. In these three years significant sedimentation and erosion has thus taken place within 
Arklow Bank profile. The following year (2011-2012) not much change is observed in this part of the 
profile. By 2016 Arklow Bank again shows a slight eastward asymmetry. Due to the limited extent of 
the surveys, the total magnitude of the bed level changes cannot be determined. 
 
From this analysis it is clear that the changes in the bank do not happen gradually. At the studied 
locations there is an alternation between more stable and more dynamic periods. From the Phase 1 
data it seems that these stable periods could last as long as 10 years, but they do not have a fixed 
duration. In the more dynamic periods, the asymmetry of the bank can reverse in 2-3 years. However, 
due to limitations in the available data extent it could not be established how large the erosion and 
sedimentation volumes associated to these changes in asymmetry are. Moreover, since the surveys 
are all measured in the spring or early summer, seasonal effects and storm influences could not be 
distinguished. Therefore, the forcing mechanisms behind, and real timescales of these bank 
dynamics are still up to discussion. 
 

 
Figure 4.5 Arklow Bank Wind Park Phase 1 repeat survey measurements along a cross-bank transect. Transect within 
Phase 1 (upper) and extended transect over the entire width of Arklow Bank (below). Box indicates location of zoomed 
transect. The lower right plot show the locations of the transect with the large-scale bathymetry from INFOMAR (2023a) 

4.1.4 Short term variations  
At specific transects across the bank additional measurements are available, which were surveyed 
in July and August 2020 (Alpha Marine, 2020). In 2024 also some transects were surveyed 
repeatedly. However, since these transects were set up to study sand wave rather than sand bank 
dynamics, their location (next to the bank) and orientation (approximately south to north) does not 
suit the analysis of large-scale bank dynamics. The four cross bank repeat surveys from 2020 (IA1, 
IA2, IA3 and IA5) were done with a revisiting time of days up to weeks. Between the repeat surveys, 
over a one-month period, only minimal changes in the sand bank profile were observed at all cross 
bank transects. For this reason, only repeat surveys taken at least 5 days apart are included in the 
analysis. It is noted though that over such short periods changes at the sand waves are significant. 

Figure 4.5 this was the case between 2000 and 2008 (or at least between 2006 and 2008). However,
following this stable period, the asymmetry is reversed, from eastward to westward, between 2008
and 2011. In these three years significant sedimentation and erosion has thus taken place within
Arklow Bank profile. The following year (2011-2012) not much change is observed in this part of the
profile. By 2016 Arklow Bank again shows a slight eastward asymmetry. Due to the limited extent of
the surveys, the total magnitude of the bed level changes cannot be determined.

From this analysis it is clear that the changes in the bank do not happen gradually. At the studied
locations there is an alternation between more stable and more dynamic periods. From the Phase 1
data it seems that these stable periods could last as long as 10 years, but they do not have a fixed
duration. In the more dynamic periods, the asymmetry of the bank can reverse in 2-3 years. However,
due to limitations in the available data extent it could not be established how large the erosion and
sedimentation volumes associated to these changes in asymmetry are. Moreover, since the surveys
are all measured in the spring or early summer, seasonal effects and storm influences could not be
distinguished. Therefore, the forcing mechanisms behind, and real timescales of these bank
dynamics are still up to discussion.
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Figure 4.5 Arklow Bank Wind Park Phase 1 repeat survey measurements along a cross-bank transect. Transect within

Phase 1 (upper) and extended transect over the entire width of Arklow Bank (below). Box indicates location of zoomed

transect. The lower right plot show the locations of the transect with the large-scale bathymetry from INFOMAR (2023a)

4.1.4 Short term variations
At specific transects across the bank additional measurements are available, which were surveyed
in July and August 2020 (Alpha Marine, 2020). In 2024 also some transects were surveyed
repeatedly. However, since these transects were set up to study sand wave rather than sand bank
dynamics, their location (next to the bank) and orientation (approximately south to north) does not
suit the analysis of large-scale bank dynamics. The four cross bank repeat surveys from 2020 (IA1,
IA2, IA3 and IA5) were done with a revisiting time of days up to weeks. Between the repeat surveys,
over a one-month period, only minimal changes in the sand bank profile were observed at all cross
bank transects. For this reason, only repeat surveys taken at least 5 days apart are included in the
analysis. It is noted though that over such short periods changes at the sand waves are significant.
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for that year (see Section 2.1.1). Each panel also shows the approximated crestline based on the 
corresponding composite image and the crestline derived for the bathymetry surveys for the same 
year. The composite images show that the shallow area around the crest results in lighter pixel 
values. Although older composite images contain more noise, the crestline is still visible.  
 
Generally, the image crestlines are smoother than the bathymetry crestlines. This is most likely 
because the image crests are created based on multiple images within a 12-months window while 
the bathymetry crest are determined based on a single survey. Nevertheless, the two crestlines seem 
to comply reasonably well. 
 

 
Figure 4.7 Composite images for 2000-01-01 to 2001-01-01 (left); 2016-04-01 to 2017-04-01 (centre); and 2019-07-
01 to 2020-07-01 (right) with an approximated crestline based on the corresponding composite image (red) and a 
crestline determined based on bathymetrical survey for the corresponding year (blue). 

The approximated crestlines are analysed using the cross-bank transect system as depicted in 
Figure 1.3. The intersections between the transects and crestlines are used to calculate the mean 
and standard deviation of the crest position along each transect. Based on these points, the long-
term mean crest position and long-term crest extent (i.e., mean±2std) are determined.  
 
Figure 4.8 depicts the crestline positions based on the composite images between 1984 and 2025 
(left); and the mean crestline and its extent, represented as the mean ± 2 standard deviations, based 
on crestline positions based on these crestline positions (right). Figure 4.9 shows the trends along 
five selected transects. This figure also contains the crestline positions based on the measured 
bathymetries for 2000, 2016 and 2019 (see Figure 2.2). An approximation of the 2024 crest position 

for that year (see Section 2.1.1). Each panel also shows the approximated crestline based on the
corresponding composite image and the crestline derived for the bathymetry surveys for the same
year. The composite images show that the shallow area around the crest results in lighter pixel
values. Although older composite images contain more noise, the crestline is still visible.

Generally, the image crestlines are smoother than the bathymetry crestlines. This is most likely
because the image crests are created based on multiple images within a 12-months window while
the bathymetry crest are determined based on a single survey. Nevertheless, the two crestlines seem
to comply reasonably well.
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Figure 4.7 Composite images for 2000-01-01 to 2001-01-01 (left); 2016-04-01 to 2017-04-01 (centre); and 2019-07-

01 to 2020-07-01 (right) with an approximated crestline based on the corresponding composite image (red) and a

crestline determined based on bathymetrical survey for the corresponding year (blue).

The approximated crestlines are analysed using the cross-bank transect system as depicted in
Figure 1.3. The intersections between the transects and crestlines are used to calculate the mean
and standard deviation of the crest position along each transect. Based on these points, the long-
term mean crest position and long-term crest extent (i.e., mean±2std) are determined.

Figure 4.8 depicts the crestline positions based on the composite images between 1984 and 2025
(left); and the mean crestline and its extent, represented as the mean ± 2 standard deviations, based
on crestline positions based on these crestline positions (right). Figure 4.9 shows the trends along
five selected transects. This figure also contains the crestline positions based on the measured
bathymetries for 2000, 2016 and 2019 (see Figure 2.2). An approximation of the 2024 crest position
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is given, but this is subject to large uncertainties as discussed in Section 2.1.1. The mean crest 
position and extent (i.e., mean±2std) are also included in this figure. Figure 4.9 demonstrates that 
individual crestline positions are dispersed. However, the crest positions seem to follow distinctive 
trends over longer periods. Moreover, the trends for the image crestline positions comply with the 
crest positions based on the measured Bathymetries in 2000, 2016 and 2019. 
 

 
Figure 4.8 Overview of Arklow Bank showing the crestline positions based on the composite images between 1984 
and 2025 (left); and mean crestline (dashed black line) and crest extent (dotted black line) based on crestline positions 
between 1984 and 2025 (right). 

is given, but this is subject to large uncertainties as discussed in Section 2.1.1. The mean crest
position and extent (i.e., mean±2std) are also included in this figure. Figure 4.9 demonstrates that
individual crestline positions are dispersed. However, the crest positions seem to follow distinctive
trends over longer periods. Moreover, the trends for the image crestline positions comply with the
crest positions based on the measured Bathymetries in 2000, 2016 and 2019.
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