
 

 

Working together for a 
cleaner energy future  

Environmental Impact Assessment Report 
Volume 3, Appendix 6.3: Marine Geology, Oceanography 
and Physical Processes Baseline Report 

MarramWind Offshore Wind Farm 
December 2025 



MarramWind Offshore Wind Farm  December 2025 
Environmental Impact Assessment Report 
Volume 3, Appendix 6.3: Marine Geology, Oceanography and Physical Processes Baseline Report 

1 

Document code:  MAR-GEN-ENV-REP-WSP-000154 

Contractor document number:  852346-WEIS-IA-O1-RP-M6-107495 

Version:  Final for Submission 

Date:  08/12/2025 

Prepared by:  ABPmer Limited 

Checked by:  WSP UK Limited 

Approved by:  MarramWind Limited 

 

 



MarramWind Offshore Wind Farm  December 2025 
Environmental Impact Assessment Report 
Volume 3, Appendix 6.3: Marine Geology, Oceanography and Physical Processes Baseline Report 

2 

Contents  

1. Introduction  6 

1.1 Overview 6 
1.2 Approach 6 
1.3 Physical processes study area 7 

2. Methodology  9 

2.2 Desk study 9 
2.3 Study area surveys 11 

3. Metocean Regime  13 

3.2 Water levels 13 
3.3 Currents 14 
3.4 Winds 17 
3.5 Waves 21 
3.6 Future change 32 

4. Stratification and Frontal Systems  33 

4.2 Overview 33 
4.3 Water column stratification 33 
4.4 Tidal mixing fronts 38 
4.5 Future change 42 

5. Surficial Sediments, Sediment Transport and Morphology  43 

5.2 Seabed sediments 43 
5.2.1 Overview 43 
5.2.2 Option Agreement Area and offshore export cable corridor 43 

5.3 Geology sub-strata 46 
5.3.1 Overview 46 
5.3.2 Option Agreement Area and offshore export cable corridor 46 

5.4 Suspended sediments 51 
5.5 Morphology 51 

5.5.1 Overview 51 
5.5.2 Option Agreement Area 53 
5.5.3 Offshore export cable corridor 58 

5.6 Sediment transport and seabed mobility 61 
5.6.1 Overview 61 
5.6.2 Sediment transport in the Option Agreement Area and offshore export cable 
corridor  61 
5.6.3 Seabed mobility in the Option Agreement Area and offshore export cable corridor
  63 
5.6.4 Conceptual understanding of seabed change 66 







MarramWind Offshore Wind Farm  December 2025 
Environmental Impact Assessment Report 
Volume 3, Appendix 6.3: Marine Geology, Oceanography and Physical Processes Baseline Report 

5 

 
Figure 1 Marine geology, oceanography and physical processes study area 8 
Figure 2 Data locations 12 
Figure 3 Seabed sediments within the OAA, offshore export cable corridor and across the 
wider study area 45 
Figure 4 Surficial sediment thickness within the OAA and offshore export cable corridor 50 
Figure 5 Morphological features within the study area 52 
Figure 6 Bathymetry across the OAA 55 
Figure 7 Bedforms mapped within the OAA 56 
Figure 8 Bathymetry within the offshore export cable corridor 59 
Figure 9 Bedforms mapped within the offshore export cable corridor 60 
Figure 10 Bedform migration analysis within the offshore export cable corridor over the 
period 2009 (UKHO) to 2023 (Project) 64 
Figure 11 Bathymetric change within the offshore export cable corridor over the -period 
2009 (UKHO) to 2022-2023 (Project) 65 
Figure 12 Conceptual understanding of physical processes within the study area 68 
Figure 13 Coastal characteristics within the study area 70 
Figure 14 Projected future MHWS change at the landfall 74 

 
 

 

  





MarramWind Offshore Wind Farm  December 2025 
Environmental Impact Assessment Report 
Volume 3, Appendix 6.3: Marine Geology, Oceanography and Physical Processes Baseline Report 

7 

1.2.1.4 This report accompanies Volume 1, Chapter 6: Marine Geology, Oceanography and 
Physical Processes  of the EIA Report to support the consent application for the Project. 

1.3 Physical processes study area  
1.3.1.1 The study area for the marine geology, oceanography, and physical processes assessment 

has previously been presented within the Project Scoping Report (MarramWind Limited, 
2023) and is also shown in Figure 1. It includes the Option Agreement Area (OAA), the 
offshore export cable corridor, and the wider surrounding marine area across which 
potentially significant effects could occur.   

1.3.1.2 The study area has been informed by expert judgement, based on understanding of region-
scale marine geology, oceanography, and physical processes, in particular that of the 
prevailing wave direction, tidal excursion distances and sediment transport pathways. 

1.3.1.3 The physical processes study area is located off the north-east coast of Aberdeenshire 
(Figure 1). It has been defined on the basis of: 

�z The distance away from the Project which suspended sediment plumes may be 
advected (and interact with potentially sensitive receptors). This has been defined by a 
Spring tidal excursion ellipse buffer around the OAA and offshore export cable corridor. 

�z The distance up / down drift from the landfall, that littoral processes could theoretically 
be impacted by offshore infrastructure associated with the Project. This has been 
defined through consideration of coastal sub-cell information set out in Ramsay and 
Brampton (2000a; 2000b). 

�z The distance from the OAA that wave blockage impacts could theoretically be detected. 
This has been informed by expert judgement, drawing upon (amongst other things), the 
evidence base from other projects and consideration of the prevailing wave directions.  

1.3.1.4 Direct changes to the seabed will be confined to the OAA and offshore export cable corridor, 
with indirect changes (for example, due to disruption of waves, tides or sediment pathways) 
experienced both inside and outside of the site boundary. These indirect changes are 
expected to diminish with distance from the OAA and offshore export cable corridor. 

1.3.1.5 The study area overlaps with several nationally and internationally designated nature 
conservation sites, some of which are designated on the basis of the geological and 
geomorphological features contained within them. These include the Southern Trench 
Marine Protected Area (MPA) and Rosehearty to Fraserburgh Coast Site of Special 
Scientific Interest (SSSI), both designated in part for the geodiversity features they contain. 



���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

���
���

���
���

��
���

���
���

���
��

������������������������������������������������������������������������������������������������������������������������������������������������

������������������������������������������������������������������������������������������������������������������������������������������������

�5�H�G���/�L�Q�H���%�R�X�Q�G�D�U�\

�2�S�W�L�R�Q���$�J�U�H�H�P�H�Q�W���$�U�H�D

�0�D�U�L�Q�H���J�H�R�O�R�J�\�����R�F�H�D�Q�R�J�U�D�S�K�\�����D�Q�G
�S�K�\�V�L�F�D�O���S�U�R�F�H�V�V�H�V���V�W�X�G�\���D�U�H�D

�$�S�S�U�R�[�L�P�D�W�H���S�R�V�L�W�L�R�Q���R�I���%�X�F�K�D�Q���I�U�R�Q�W

�6�S�U�L�Q�J���W�L�G�D�O���H�[�F�X�U�V�L�R�Q���H�O�O�L�S�V�H���E�X�I�I�H�U

�6�L�W�H���R�I���6�S�H�F�L�D�O���6�F�L�H�Q�W�L�I�L�F���,�Q�W�H�U�H�V�W

�0�D�U�L�Q�H���3�U�R�W�H�F�W�H�G���$�U�H�D

�6�S�H�F�L�D�O���3�U�R�W�H�F�W�L�R�Q���$�U�H�D

�2�I�I�V�K�R�U�H���:�L�Q�G�������3�U�R�M�H�F�W���3�K�D�V�H

�&�R�Q�V�H�Q�W�H�G

�,�Q���3�O�D�Q�Q�L�Q�J

�2�S�H�U�D�W�L�R�Q�D�O

�3�U�H���3�O�D�Q�Q�L�Q�J

�8�Q�G�H�U���&�R�Q�V�W�U�X�F�W�L�R�Q

�^�����o���W���í�W�í�ì�U�ì�ì�ì�U�ì�ì�ì

�‹���&�2�3�<�5�,�*�+�7���1�2�7�(�6
�'�D�W�D���6�R�X�U�F�H�V�����&�R�Q�W�D�L�Q�V���1�D�W�X�U�H�6�F�R�W���L�Q�I�R�U�P�D�W�L�R�Q���O�L�F�H�Q�V�H�G���X�Q�G�H�U���W�K�H���2�S�H�Q���*�R�Y�H�U�Q�P�H�Q�W���/�L�F�H�Q�F�H���Y�����������&�R�Q�W�D�L�Q�V���S�X�E�O�L�F���V�H�F�W�R�U
�L�Q�I�R�U�P�D�W�L�R�Q�����O�L�F�H�Q�V�H�G���X�Q�G�H�U���W�K�H���2�S�H�Q���*�R�Y�H�U�Q�P�H�Q�W���/�L�F�H�Q�F�H���Y�����������I�U�R�P���&�U�R�Z�Q���(�V�W�D�W�H���6�F�R�W�O�D�Q�G�����&�R�Q�W�D�L�Q�V���-�R�L�Q�W���1�D�W�X�U�H
�&�R�Q�V�H�U�Y�D�W�L�R�Q���&�R�P�P�L�W�W�H�H���G�D�W�D���‹���F�R�S�\�U�L�J�K�W���D�Q�G���G�D�W�D�E�D�V�H���U�L�J�K�W������������
�6�H�U�Y�L�F�H���/�D�\�H�U���&�U�H�G�L�W�V�����2�6���I�U�R�P���=�R�R�P�V�W�D�F�N�������������������(�V�U�L�����*�D�U�P�L�Q�����)�$�2�����1�2�$�$�����8�6�*�6�����D�Q�G���R�W�K�H�U���F�R�Q�W�U�L�E�X�W�R�U�V

�1�2�7���7�2���%�(���8�6�(�'���)�2�5���1�$�9�,�*�$�7�,�2�1

�6�&�$�/�( ������������������

�'�$�7�8�0 �(�7�5�6������ �3�5�2�-�(�&�7�,�2�1 �8�7�0���=�R�Q�H�������1

�3�$�*�(���6�,�=�( �$��

�5�(�9 �5�(�9
�'�$�7�(

�7�(�&�+�1�,�&�$�/
�$�3�3�5�2�9�(�5

�7�(�&�+�1�,�&�$�/
�&�+�(�&�.�(�5

�*�,�6
�5�(�9�,�(�:�(�5

�*�,�6
�&�5�(�$�7�2�5

�3�5�2�-�(�&�7���7�,�7�/�(

�:�6�3���'�5�$�:�,�1�*���1�8�0�%�(�5

�$�%�$�%�1�'

������������

������������

�������������������� �$�:

����

����

�0�$�5���*�(�1���(�1�9���0�$�3���:�6�3���������������0�D�U�U�D�P�:�L�Q�G���'�5�$�:�,�1�*���1�8�0�%�(�5

�'�5�$�:�,�1�*���7�,�7�/�(

�0�D�U�U�D�P�:�L�Q�G���2�I�I�V�K�R�U�H���:�L�Q�G���)�D�U�P

��

�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���,�P�S�D�F�W���$�V�V�H�V�V�P�H�Q�W���5�H�S�R�U�W

��

����

�)�L�J�X�U�H�������0�D�U�L�Q�H���J�H�R�O�R�J�\�����R�F�H�D�Q�R�J�U�D�S�K�\�����D�Q�G���S�K�\�V�L�F�D�O���S�U�R�F�H�V�V�H�V���V�W�X�G�\
�D�U�H�D

���������������:�(�,�6���,�$���(�����)�*���0��������������

�� ���� ����

�.�L�O�R�P�H�W�U�H�V

�k



MarramWind Offshore Wind Farm  December 2025 
Environmental Impact Assessment Report 
Volume 3, Appendix 6.3: Marine Geology, Oceanography and Physical Processes Baseline Report  

9 

2. Methodology  
2.1.1.1 This Appendix has used a combination of site specific surveys undertaken for the Project 

and publicly available data to inform the assessment. This Section outlines these various 
data sources and locations.  

2.2 Desk study  
2.2.1.1 Information on marine geology, oceanography, and physical processes within the study 

area was collected through a detailed desktop review of existing studies; datasets used to 
inform the analysis are summarised in Table 2.1, with locations provided in Figure 2. 

Table 2.1 Data sources used to inform the marine geology, oceanography and 
physical processes baseline  

Source  Date Summary  Coverage of 
study area  

Marine 
Directorate data 
portal  

Data accessed: 
2025. 

Data layers of bathymetry, ocean climate, 
waves, sea level, seabed geology, surface 
and subtidal sediments. (Available at: 
www.marine.gov.scot). 

Partial coverage 
of the study area. 

Scottish 
Environment 
Protection 
Agency (SEPA)  

Data accessed: 
2025. 

A range of datasets related to the 
environment including flood risk 
management. (Available at: 
https://www.sepa.org.uk/). 

Partial coverage 
of the study area. 

National Tide 
and Sea Level 
Facility  

Data accessed: 
2025. 

Tidal water levels from point locations 
within the study area. (Available at: 
www.ntslf.org). 

Partial coverage 
of the study area. 

British 
Oceanographic 
Data Centre  

Data accessed: 
2025. 

Hydrodynamic (HD) data (inc. current 
speed and direction) from point locations 
within the study area. (Available at: 
www.bodc.ac.uk/). 

Partial coverage 
of the study area. 

Centre for 
Environment, 
Fisheries and 
Aquaculture 
Science (Cefas) 
WaveNet data  

Data accessed: 
2025. 

Wave records from point locations within 
the study area. (Available at: 
www.cefas.co.uk/cefas-data-
hub/wavenet/). 

Partial coverage 
of the study area. 

ABP Marine 
Environmental 
Research Ltd 
(ABPmer) 
SEASTATES 

1979 to 2022. Modelled hindcast wave and HD data from 
across the study area. (Available at: 
www.seastates.net/). 

Full coverage of 
the study area. 

Marine 
Renewables 
Atlas  

2008 Modelled hindcast wave and HD data from 
across the study area (Available at: 
https://www.renewables-atlas.info/). 

Full coverage of 
the study area. 
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Source  Date Summary  Coverage of 
study area  

UK Climate 
Projections 2018 
(UKCP18) 

2018 Sea level rise predictions for coastal 
locations within the study area. (Palmer et 
al., 2018). 

Partial coverage 
of the study area. 

Suspended 
Particulate 
Matter (SPM) 
mapping  

2016 Monthly and seasonal SPM maps for the 
study area. (Cefas, 2016). 

Full coverage of 
the study area. 

Copernicus 
Marine Service  

Data accessed: 
2025. 

Three-dimensional numerical model 
outputs of temperature, salinity and 
chlorophyll-a. (Available at: 
https://data.marine.copernicus.eu/products) 

Full coverage of 
the study area. 

British 
Geological 
Survey (BGS) 
offshore 
geoindex  

Data accessed: 
2025. 

Seabed sediment maps (based on Folk 
classification) and borehole records from 
point locations within the study area. 
(Available at: 
www.bgs.ac.uk/GeoIndex/offshore.htm). 

Partial coverage 
of the study area. 

United Kingdom 
Hydrographic 
Office (UKHO) 
bathymetric data 

2009 Bathymetric data for the study area in the 
form of multibeam and single beam data, 
as well as Admiralty Charts. (Available at: 
https://seabed.admiralty.co.uk/). 

Full coverage of 
the study area. 

European Marine 
Observation and 
Data Network 
data layers  

Data accessed: 
2025. 

Bathymetric data for the study area and 
surrounding regions in the form of a 
continuous surface made of survey data 
from various European National 
Hydrographic Offices. (Available at: 
https://emodnet.ec.europa.eu/geoviewer//). 

Full coverage of 
the study area. 

MPA 
Geodiversity 
Mapping  

2011 Mapping of geological and 
geomorphological features within Scottish 
MPAs, based on publicly available seabed 
surveys and research (Brooks et al., 2011). 

Partial coverage 
of the study area. 

Dynamic Coast 
(Phase 1 & 2)  

2017, 2021. The Dynamic Coast project aims to provide 
the strategic evidence base on the extent 
of coastal erosion in Scotland. (Available 
at: www.dynamiccoast.com/). 

Partial coverage 
of the study area. 

Coastal Cells in 
Scotland: sub -
cell 2d 
(Cairnbulg Point 
to Girdle Ness) 
and sub -cell 3a 
(Portknockie to 
Cairnbulg Point)  

2000 Description of coastal characteristics 
(geology and geomorphology) and 
processes controlling change (Ramsay and 
Brampton, 2000a; 2000b). 

Partial coverage 
of the study area. 

Scottish Coastal 
Observatory 
(SCO) 

Data accessed: 
2025. 

Monitoring data collected as part of the 
SCO, covering a range of marine 
environmental variables including 
temperature and salinity. (Available at: 

Partial coverage 
of the study area. 
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Source  Date Summary  Coverage of 
study area  

https://marine.gov.scot/?q=data/scottish-
coastal-observatory-data). 

Scottish Remote 
Sensing Portal  

Data accessed: 
2025. 

LiDAR datasets to inform past coastal 
change. (Available at: 
https://remotesensingdata.gov.scot/). 

Partial coverage 
of the study area. 

(Key 
publications)  

[various] Public and grey literature considering 
coastal morphology and behaviour at 
sensitive coastal locations within the study 
area for example, Hansom et al. (2004) 
and Baxter et al. (2011). 

Partial coverage 
of the study area. 

 

2.3 Study area surveys  
2.3.1.1 A summary of the surveys undertaken to inform the marine geology, oceanography, and 

physical processes baseline is outlined in Table 2.2 below, with locations provided in 
Figure  2. 

Table 2.2 Surveys undertaken to inform the marine geology, oceanography and 
physical processes baseline  

Survey type  Scope of survey  Coverage of study area  

OAA and offshore export cable 
corridor g eophysical and 
environmental survey (Fugro, 
2023a; 2023b). 
 
Year of survey: 2022 -2023. 

High resolution side scan sonar 
(SSS), multibeam bathymetry 
and sub-bottom profile data. 

Full coverage of the OAA and 
partial coverage of the offshore 
export cable corridor. 
 

Metocean survey  (Fugro, 2023 c). 
 
Year of survey: 202 2-2023. 

Wind speed, wave and current 
data from 20 September 2022 to 
20 September 2023 FLiDAR 
buoys deployed within the OAA. 

Partial coverage of the OAA. 

Appendix 10.2: Environmental 
Intertidal Survey - Benthic Report 
2023 
 
Year of survey: 2023. 

Mapping of inter-tidal biotopes. 
Sediment cores and contaminant 
sampling also undertaken. 

Full coverage of the landfall 
(Scotstown Beach and 
Lunderton Beach). 
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3. Metocean Regime  
3.1.1.1 This Section uses modelled and measured data to describe the baseline metocean 

conditions in the study area, including: water levels, currents, winds and waves and 
predicted future change.  

3.2 Water levels  
3.2.1.1 The physical processes study area is located within a semi-diurnal tidal environment with a 

tidal range increasing from north-east to south-west. Within the OAA, the Spring tidal range 
is typically between approximately 1.7 metres (m) to 1.9m, with a neap range of 
approximately 0.8m. Tidal range increases with proximity to the coast along the offshore 
export cable corridor, reaching approximately 3.1m at the landfall zones (ABPmer et al., 
2008).  

3.2.1.2 Summary tidal statistics Peterhead (to the south-west of the OAA and to the south of the 
landfall) are shown in Table 3.1. 

Table 3.1 Summary tidal statistics for Peterhead  (UKHO, 2025a) 

Water Level  Peterhead (m Chart Datum 
(CD)) 

Peterhead (m Ordnance 
Datum Newlyn (ODN))  

Highest Astronomical Tide  4.4 2.23 

Mean High Water Spring (MHWS) 
tide  

4.0 1.83 

Mean high water neap tide 3.2 1.03 
 

Mean tide level  2.45 0.28 

Mean low water neap tide  1.6 -0.57 

Mean low water spring tide 0.7 -1.47 

Lowest Astronomical Tide  (LAT)  0.1 -2.07 

Mean Spring range 3.3 

CD to ODN -2.17 

 

3.2.1.3 Extreme water levels within the physical processes study area typically result from storm 
surge propagation in the North Sea are generally well understood, having been extensively 
studied. In brief, a storm surge is produced when high winds build up a wall of water, further 
exacerbated by the effects of atmospheric pressure (Prichard, 2013). The 50-year return 
period surge level (tide + surge) at the landfall is predicted to be 2.74mODN (Environment 
Agency, 2019). The impact of a surge will depend critically on the associated state of the 
tide with the biggest risk of flooding and erosion occurring if the surge peak coincides with 
high water on a Spring tide. 
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Plate 3.3 Baseline residual tidal current speed and direction calculated  over a 
representative Spring -neap period  (ABPmer, 2017)  

 

 

3.3.1.5 Spring tidal excursion ellipses are show in Plate 3.4. These ellipses show the approximate 
displacement path of water during a representative tidal cycle and so illustrate the spatial 
variation in the orientation of the tidal axis, the degree of directional rotation and the 
magnitude of tidal current speed. In general, tidal flow is rectilinear across the offshore 
export cable corridor and OAA, with Spring tidal excursion distances of approximately 10 
kilometres (km) and with a north-northwest to south south-east axis. 
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Plate 3.4 Baseline peak Spring current speed and Spring  tidal excursion ellipse s 
(ABPmer, 2017)  

 

 

3.4 Winds  
3.4.1.1 An understanding of the wind climate is relevant to physical processes in so far as it is a 

controlling parameter in the prevailing wave regime and non-tidal water levels and currents. 
The relationship between wave generation and meteorological forcing means that the wind 
and wave regimes are similarly episodic and exhibit both seasonal and inter-annual 
variation in proportion with the frequency and magnitude of changes in wind strength and 
direction. 

3.4.1.2 A long-term hindcast record of wind data within the physical processes study area is 
available from ABPmer SEASTATES Northwest European Shelf Wave Hindcast Model 
(ABPmer, 2013; 2025a). This data has been compared with the 12 months of wind data 
collected from the study area between September 2022 to September 2023, which is 
summarised in Plate 3.5. This shows relatively close agreement to the wind rose produced 
from the modelled hindcast timeseries extracted for a location representative of the OAA, 
with dominant wind directions during the measured period from the south south-east to 
south south-west.  
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Plate 3.5 Rose plot of wind speed and direction for the metocean deployment 
location , over the period 2022-�������������G�L�U�H�F�W�L�R�Q�V���L�Q�G�L�F�D�W�H���µ�F�R�P�L�Q�J���I�U�R�P�¶�� (ABPmer, 
2025a) 

 

 

 

3.4.1.3 A frequency analysis of the ABPmer SEASTATES long-term hindcast data is presented as 
a wind rose in Plate 3.6, along with frequency scatter tables of wind speed against direction 
in Table 3.2, Table 3.3 and Table 3.4 (for the landfall, the offshore export cable corridor 
and the OAA, respectfully). These show that: 

�z the dominant wind directions are from the south and south south-west, with winds 
occurring from these directions for around 20% of the time;  

�z the strongest winds observed in the record most commonly occur from south-
southwesterly directions; and 

�z the maximum observed wind speeds in the records are 31.22m/s in the OAA, 32.23m/s 
along the offshore export cable corridor and 26.28m/s at the landfall.
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Plate 3.6 Rose plot of wind speed and direction for the OAA, 1979-2022 (ABPmer, 
2025a) 
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Table  3.2 Frequency scatter tables of wind speed vs wind direction �± landfall  
(ABPmer, 2025a)  

 

Table 3.3 Frequency scatter tables of wind speed vs wind direction �± offshore 
export cable corridor  (ABPmer, 2025a)  
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Table 3.4 Frequency scatter tables of wind speed vs wind direction �± OAA (ABPmer, 
2025a) 

 

 

3.5 Waves 
3.5.1.1 The wave climate is the result of the transfer of wind energy to the sea, creating seastates 

and the propagation of that energy across the water surface by wave motion. The amount 
of wind energy transfer and wind-wave development is a function of the available fetch 
distance across which the wind blows, wind speed, wind duration and the original state of 
the sea. The longer the fetch distance, the greater the potential there is for the wind to 
interact with the water surface and generate waves. In shallower water, water depth is an 
additional limiting factor on the size of waves. 

3.5.1.2 A long-term hindcast record of wave data is available for the physical processes study area 
from the ABPmer SEASTATES Northwest European Shelf Wave Hindcast Model (ABPmer, 
2013), for the period 1979-2023. This hindcast data has been compared with the Project 
metocean data available for the OAA collected between September 2022 and September 
2023 (Fugro, 2023c), with Plate 3.7 showing timeseries comparison plots of the modelled 
and measured wave height, period and direction. The visual comparison shows the model 
performs well, satisfactorily capturing the magnitude and timing of a variety of wave events 
sizes. Some minor differences are observed, where the model simply cannot be calibrated 
further to simultaneously reproduce all details. Some differences may also be the result of 
local effects of complex bathymetry that are either not represented in the available 
bathymetry data, or not fully resolved by the resolution of the model. 
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Plate 3.7 Comparison of measured and modelled wave parameters within the OAA  
(ABPmer, 2025a ; Fugro, 2023c ) 

 

 

3.5.1.3 Plate 3.8 shows a wave rose summarising significant wave height and mean wave direction 
for the 12-month period of the metocean deployment (September 2022 to September 2023). 
This shows close agreement to the wave rose produced from the modelled hindcast 
timeseries extracted for a location representative of the OAA.  
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Plate 3.8 Rose plot of significant wave height and direction for the metocean 
deployment location , over the period 2022-�������������G�L�U�H�F�W�L�R�Q�V���L�Q�G�L�F�D�W�H���µ�F�R�P�L�Q�J���I�U�R�P�¶�� 
(ABPmer , 2025a) 

 

 

3.5.1.4 The wave regime is dominated by locally generated wind waves across the wider North Sea 
region. The OAA is exposed to longer wave fetches (distances of open water over which 
waves can develop) from the north to north-east. Smaller, but more frequently occurring, 
wave conditions generated by local winds predominately come from southerly directions. 

3.5.1.5 Across the wider physical processes study area, the local orientation of the coastline relative 
to the predominant wave direction will influence local conditions of sheltering, resulting 
sediment transport rates and directions. 

3.5.1.6 The wave regime has been summarised in a series of wave roses Plate 3.9 to Plate 3.11, 
as well as frequency scatter tables of wave height, period and direction (Table 3.5 to 
Table 3.10). 
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Plate 3.10 Rose plot of significant wave height and direction at a location 
representative of the offshore export cable corridor (middle), over the period 1979 -
�������������G�L�U�H�F�W�L�R�Q�V���L�Q�G�L�F�D�W�H���µ�F�R�P�L�Q�J���I�U�R�P�¶�� (ABPmer, 2025a)  
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Plate 3.11 Rose plot of significant wave height and direction at a location 
representative of the OAA, over the period 1979 -�������������G�L�U�H�F�W�L�R�Q�V���L�Q�G�L�F�D�W�H���µ�F�R�P�L�Q�J��
�I�U�R�P�¶�� (ABPmer, 2025a)  
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Table 3.5 Frequency scatter table of significant wave height vs peak wave period �± 
landfall  (ABPmer, 2025a)  

 

 

Table 3.6 Frequency scatter table of significant wave height vs peak wave direction 
�± landfall  (ABPmer, 2025a)  
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Table 3.7 Frequency scatter table of significant wave height vs peak wave period �± 
offshore export cable corridor  (ABPmer, 2025a)  
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Table 3.8 Frequency scatter table of significant wave height vs mean wave direction 
�± offshore export cable corridor  (ABPmer, 2025a)  
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Table 3.9 Frequency scatter table of significant wave height vs peak wave period �± 
OAA (ABPmer, 2025a)  
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Table 3.10 Frequency scatter table of significant wave height vs mean wave 
direction �± OAA (ABPmer, 2025a)  

 

 

3.5.1.8 Extremes analysis of the long-term wave hindcast record available from ABPmer 
SEASTATES Northwest European Shelf Wave Hindcast Model (ABPmer, 2017) is shown 
in Table 3.11. Larger waves are typically observed in the OAA, with significant wave heights 
of approximately 9.2m for a 1:1 year event, increasing to 13.8m for a 1:50 year event. 
Equivalent extreme values for the landfall are 5.6m and 7.9m, respectively. 

Table 3.11 Extreme value analysis of significant wave height and wave period  based 
on wave data from ABPmer SEASTATES   

Location  Return period 
(years)  

Significant wave height Hs 
(m) 

Mean wave period 
Tz (s) 

Landfall  
 

1 5.6 8.7 

5 6.7 9.5 

10 7.1 9.8 









MarramWind Offshore Wind Farm  December 2025 
Environmental Impact Assessment Report 
Volume 3, Appendix 6.3: Marine Geology, Oceanography and Physical Processes Baseline Report  

35 

Plate 4.1 �&�D�O�F�X�O�D�W�H�G���3�(�$�����J�������E�D�V�H�G���R�Q���W�K�H���&�R�S�H�U�Q�L�F�X�V���5�H�D�Q�D�O�\�V�L�V���P�R�Q�W�K�O�\��
temperature and salinity data for 2014, a stronger stratification year  (Copernicus  
Marine Service , 2024a) 
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Plate 4.2 �&�D�O�F�X�O�D�W�H�G���3�(�$�����J�������E�D�V�H�G���R�Q���W�K�H���&�R�S�H�U�Q�L�F�X�V���5�H�D�Q�D�O�\�V�L�V���P�R�Q�W�K�O�\��
temperature and salinity data for 2010, an intermediate stratification year  
(Copernicus  Marine Service , 2024a) 
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Plate 4.3 �&�D�O�F�X�O�D�W�H�G���3�(�$�����J�������E�D�V�H�G���R�Q���W�K�H���&�R�S�H�U�Q�L�F�X�V���5�H�D�Q�D�O�\�V�L�V���P�R�Q�W�K�O�\��
temperature and salinity data for 2015, a weaker stratification year  (Copernicus  
Marine Service , 2024a) 
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Plate 4.4 M�R�Q�W�K�O�\���3�(�$�����J�����Y�D�O�X�H�V�����E�D�V�H�G���R�Q���W�K�H���&�R�S�H�U�Q�L�F�X�V���5�H�D�Q�D�O�\�V�L�V���P�R�Q�W�K�O�\��
temperature and salinity data, in the OAA from 2010 -2023 (Copernicus  Marine 
Service , 2024a) 

 

4.4 Tidal mixing fronts  
4.4.1.1 The physical mixing at fronts locally supplies a relatively higher concentration of nutrients 

into the sunlit surface layer, therefore creating more favourable conditions for phytoplankton 
growth by preventing nutrient depletion in the surface layers. As a result, these areas often 
support higher levels of PP (and chlorophyll-a) compared to both the mixed and stratified 
waters on either side of the front (Garcia-Nieto et al., 2024). Plate 4.5, Plate 4.6 and 
Plate  4.7 illustrate the maximum chlorophyll-a concentrations throughout the water column 
for the years 2014 (stronger stratification year), 2010 (intermediate stratification year) and 
2015 (weaker stratification year), capturing both deep chlorophyll maxima and surface 
peaks.  

4.4.1.2 During Summer, elevated chlorophyll-a concentrations - likely associated with a tidal mixing 
front - are commonly observed west of the OAA. However, their exact positioning varies 
significantly between years. In years with weaker stratification (for example, 2015), the tidal 
mixing front forms further offshore, resulting in elevated chlorophyll-a levels within the OAA. 
Conversely, during years of stronger stratification (for example, 2014), the front / elevated 
chlorophyll-a concentrations shift closer to the coast. 
































































































