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1. INTRODUCTION 

1.1. OVERVIEW 

1. Ossian Offshore Wind Farm Ltd (OWFL) submitted an application for consent under Section 36 of the 

Electricity Act 1898 and a Marine License under section 65 of the Marine and Coastal Access Act 2009. 

The application was submitted in June 2024 and was accompanied by an Environmental Impact 

Assessment (EIA) which was carried out to assess the potential effects of the Ossian Array (hereafter 

referred to as ‘the Array’ on various sensitive receptors, including physical processes receptors. The 

original application is hereafter referred to as the ‘Array EIA Report’ (Ossian OWFL, 2024a). The 

assessment of the likely significant effects (as per the “EIA Regulations”) of the Array on physical 

processes was provided in volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 2024b).  

2. Following statutory consultation on the Section 36 and Marine Licence application Marine Directorate – 

Licensing and Operations Team (MD-LOT) received representations from stakeholders on the physical 

processes assessment presented within the EIA. In response to representations received from NatureScot 

and MD-SEDD requested that some components of the physical processes assessment be revised to 

address queries raised by stakeholders and submitted as part of an Additional Information Request.  

3. This Addendum to Chapter 7 of the Array EIA Report (Ossian OWFL, 2024b) has been drafted in response 

to MD-LOT’s Additional Information Request (see section 3). This document addresses a number of 

outstanding queries, particularly surrounding the potential impact of the offshore infrastructure on mixing 

and seasonal stratification. 

4. Where no significant queries were raised the original assessment is still appropriate and valid. This 

document should therefore be read alongside the original Array EIA Report to provide a full assessment 

of the impacts on physical processes receptors.  

5. This document should be read alongside the following documents previously submitted as part of the Array 

EIA Report: 

• volume 2, chapter 7: Physical Processes; and 

• volume 3, appendix 7.1: Physical Processes Technical Report. 

2. SUMMARY OF REPRESENTATIONS 

6. Table 2.1 presents a summary of the key issues raised during the statutory consultation of the Array EIA 

Report and activities undertaken to date specific to physical processes for the Array along with how these 

have these have been considered in this document. Further advice was received in April 2025 from MD-

SEDD regarding the information supplied within this document. This advice has subsequently been added 

to Table 2.1 to outline the full range of advice provided. 

Table 2.1: Summary of Issues Raised During Post-Application Representations Relevant to Physical 
Processes  

Date Consultee 

and Type of 

Consultation 

Stakeholder Representation Response to Issue Raised and/or Where 

Considered in this Document 

Statutory Consultation Representations 

September 
2024 

MD-SEDD MD-SEDD note that the Ossian Array is 
located in a region likely to experience 
seasonal stratification, whereby potential 
changes to water column structure (including 
magnitude, timing and extent of seasonal 
stratification) should be assessed as part of 
the Ossian Array application. It was noted 
that MD-SEDD consider “the structure 
induced mixing is more likely to have near-
field effects, whereas the wind speed deficit 
is likely to have more subtle far-field effects”. 

This is considered in this document in section 6. 

September 
2024 

MD-SEDD MD-SEDD advise that information further to 
that provided in Chapter 7: Physical 
Processes of the Ossian Array EIA should 
be provided to describe the baseline water 
column processes in relation to the 
quantification of the difference in sea surface 
to sea bottom temperature, as thermal 
stratification is likely to dominate in this 
region. Further information on the depth of 
the thermocline, surface mixed layer depth 
and how this varies through the year is 
required. 

Further information to inform the baseline description 
of water column processes is provided in section 4. 

September 
2024 

MD-SEDD MD-SEDD advise that further assessment, in 
addition to that provided, on the impact to 
seasonal stratification should be undertaken, 
due to the limited evidence provided to 
support justification. It should be 
acknowledged that the Ossian Array 
includes floating foundations, and is located 
in much deeper water than the offshore wind 
farms used to support the assessment. 

This is considered in this document in section 6. 

September 
2024 

MD-SEDD MD-SEDD note that the analysis of the 
potential impact on seasonal stratification is 
qualitative (as agreed during pre-Application 
consultation) and based on the limited 
published evidence available, however a 
more detailed description of the baseline is 
required to justify this qualitative approach. 

Further information to inform the baseline description 
of water column processes is provided in section 4. 

September 
2024 

MD-SEDD MD-SEDD advise further consideration 
should be given to the scenario selected for 
the assessment of the impact on 
stratification using a Maximum Design 
Scenario (MDS) of 40 m draft foundations, 
as this could lead to more enhanced vertical 
mixing. Additional review of the thermocline 
depth within the baseline description would 
be required to support the assessment. 

This is considered in this document in section 6. 

September 
2024 

MD-SEDD MD-SEDD advise that further evidence is 
required to form justifications on the future 
baseline scenario, in relation to climate 
change and the resultant impact to tidal 
fronts. 

Further information to inform the future baseline 
scenario has been provided in section 5. 
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Date Consultee 

and Type of 

Consultation 

Stakeholder Representation Response to Issue Raised and/or Where 

Considered in this Document 

September 
2024 

MD-SEDD MD-SEDD agree with the assessment that 
the magnitude of impact to seasonal 
stratification is medium. MD-SEDD comment 
on the assessment of the sensitivity of the 
receptor with regard to the impact on 
seasonal stratification and note that it is not 
clear if the potential knock on consequences 
to primary productivity and higher trophic 
levels have been considered.  

This is considered in this document in section 10. 

September 
2024 

MD-SEDD MD-SEDD agree that the significance of 
impact with respect to physical processes is 
likely to be minor for this development, 
however further evidence is required to 
support this. 

This is considered in this document in section 6. 

September 
2024 

MD-SEDD MD-SEDD flag the risk of the cumulative 
impact of North Sea offshore wind 
developments and advise that further 
research and monitoring be required to 
reduce this uncertainty. MD-SEDD advise 
that pre, during and post construction 
monitoring, is required to verify the 
assumptions made within the Ossian Array 
EIA Report. 

This is considered in this document in section 7 and 8. 

September 
2024 

NatureScot NatureScot broadly supports the conclusion 
of no significant impacts to physical 
processes due to the Ossian Array, both 
alone and cumulatively, but acknowledges 
the knowledge gaps surrounding the topics 
of mixing and seasonal stratification. It is 
advised that further consideration should be 
given to these topics in light of emerging 
evidence from the Physics-to-Ecosystem 
Level Assessment of Impacts of Offshore 
Windfarms (PELAgIO) project, however at 
the time of writing there is no published 
evidence from PELAgIO available for review. 
NatureScot note preliminary evidence 
suggests that offshore wind farms in 
seasonally stratified waters may affect sea 
surface temperatures across large areas, 
which may impact primary production. 

This is considered in this document in section 6. 

September 
2024 

NatureScot NatureScot highlight that the Ossian Array 
could contribute to closing knowledge gaps 
through a pre and post-construction 
monitoring campaign, which should be 
included within the Project Environmental 
Monitoring Programme (PEMP). NatureScot 
note that it may be useful to consider the 
future ScotMER project outputs for 
‘Development of marine physical process 
modelling guidelines for offshore wind farm 
environmental impact assessments’ when 
designing the monitoring plan. 

This is considered in this document in section 8. 

September 
2024 

NatureScot MD-SEDD agree that the significance of 
impact with respect to physical processes is 
likely to be minor for this development, 
however further evidence is required to 
support this. 

This is considered in this document in section 6. 

Date Consultee 

and Type of 

Consultation 

Stakeholder Representation Response to Issue Raised and/or Where 

Considered in this Document 

September 
2024 

NatureScot MD-SEDD flag the risk of the cumulative 
impact of North Sea offshore wind 
developments and advise that further 
research and monitoring be required to 
reduce this uncertainty. MD-SEDD advise 
that pre, during and post construction 
monitoring, is required to verify the 
assumptions made within the Ossian Array 
EIA Report. 

This is considered in this document in section 7. 

Further Representations (Non-Statutory Advice) 

April 2025 MD-SEDD Following review of the further information 
provided in January 2025, the evidence 
supplied has enabled MD-SEDD to provide 
reasoned advice and agree that the 
magnitude of impact on stratification should 
be medium. MD-SEDD advise that the 
significance of impact on relevant receptors 
should be re-classified from negligible to low 
due to the inclusion of the sensitivity of the 
thermocline. 

This is considered in this document in section 6. 

April 2025 MD-SEDD MD-SEDD advise that, based on the 
evidence supplied by the applicant, this 
OWF is in a region that experiences 
sustained seasonal stratification typical of 
the northern North Sea and should not be 
described as weakly stratified. 

This is considered in this document in section 4.1 and 
10.1. 

April 2025 MD-SEDD The assessment repeatedly makes 
reference to the potential for structures 
(floating or fixed) to impact currents and 
waves. MD-SEDD advise that such 
statements are not relevant and should not 
be the focus of the assessment. MD-SEDD 
advise that whilst fixed foundations span the 
whole water column, the applicant presents 
evidence that the proposed floating 
structured have much larger cross-sectional 
areas and draughts sufficient to penetrate 
the thermocline, which have the potential to 
enhance mixing to a greater extent than 
fixed structures. 

Comparison to fixed infrastructure removed from this 
document, allowing the focus of the assessment to 
remain on the potential impact on stratification. 



 

 

 

 

Addendum to Chapter 7: Physical Processes 
3 

 

3. ADDITIONAL ENVIRONMENTAL INFORMATION 

7. Table 3.1 details the contents of this document which aims to provide further detail and support to volume 

2, chapter 7 and volume 3, appendix 7.1 of the Array EIA Report  (Ossian OWFL, 2024b; Ossian OWFL, 

2024c). Therefore, the Array EIA Report should be read alongside this document. 

 

Table 3.1: Details of Updates Included in this Document 

Section Description of Update Included in this Document 

Chapter 7: Physical Processes 

7.1 Introduction No updates required following statutory consultation. 

7.2. Purpose of the Chapter No updates required following statutory consultation. 

7.3. Study Area No updates required following statutory consultation. 

7.4 Policy and Legislation No updates required following statutory consultation. 

7.5. Consultation Consultation remains valid, with the exception of the 
additional consultation undertaken specifically in relation to 
this document. The supplementary consultation set out in 
Table 2.1 of this document should be read in conjunction 
with the original application. Accordingly, section 7.5 is not 
repeated within this document. 

7.6. Methodology to Inform Baseline No updates required following statutory consultation. 

7.7. Baseline Environment Baseline environment has been updated to include further 
detail on water column processes and future baseline. This 
information is supplementary to the information supplied 
within section 7.7 of the chapter. 

7.8. Key Parameters for Assessment Introduction of secondary MDS for Impacts to seasonal 
stratification due to the presence of infrastructure 

7.9. Methodology for Assessment of Effects No updates required following statutory consultation. 

7.10 Measures Adopted as Part of the Array No updates required following statutory consultation. 

7.11 Assessment of Significance Assessment of Significance updated for Impacts to 
seasonal stratification due to the presence of 
infrastructure. This should be reviewed in conjunction with 
the original application. 

7.12 Cumulative Effects Assessment No updates required following statutory consultation. 

7.13. Proposed Monitoring Update in Section 8 outlining future engagement with 
ScotMER. 

7.14. Transboundary Effects No updates required following statutory consultation. 

7.15. Inter-Related Effects (and Ecosystem Assessment) Section 10.1 details the effect on primary production and 
higher trophic levels. 

7.16. Summary of Impacts, Mitigation, Likely Significant Effects 
and Monitoring 

No updates required following statutory consultation. 

 

Section Description of Update Included in this Document 

Appendix 7.1: Physical Processes Technical Report 

1. Introduction No updates required following statutory consultation. 

2. Study Area No updates required following statutory consultation. 

3. Methodology No updates required following statutory consultation. 

4. Baseline Environment Baseline environment has been updated to include further 
detail on water column processes. This information is 
supplementary to the information supplied within section 4 
of the Technical Report. 

5. Summary No updates required following statutory consultation. 

Annex A: Metocean and LiDAR Survey Report No updates required following statutory consultation. 

 

4. BASELINE ENVIRONMENT 

4.1. BASELINE WATER COLUMN PROCESSES 

8. Following the receipt of advice from MD-SEDD and NatureScot on the baseline description of water column 

processes in relation to the quantification of the difference in sea surface to sea bottom temperature, 

further information has been provided within this section. 

9. As discussed in paragraph 34 of volume 3, appendix 7.1 of the Array EIA Report (Ossian OWFL, 2024c), 

30 years of nearbed and surface temperature and salinity data are available for the North-West European 

Shelf from the International Council for the Exploration of the Sea (ICES) and World Ocean Data Centre 

(WODC) (Berx and Hughes, 2009). Table 4.6 of the Physical Processes Technical Report (TR) provides 

the monthly mean salinity and temperature variations at a representative sample point within the study 

area (56° 39.0000’ N, 0° 25.0020’ W). This representative point is located close to the centre of the 

physical processes study area and is subject to a difference of -0.0584 PSU between monthly mean 

surface and nearbed salinity values for August which closely aligns with the mean value of -0.0831 PSU 

calculated across all available data points within the physical processes study area for this month. 

Similarly, at this point there is a difference of 5.94°C between surface and nearbed August temperatures, 

which is comparable to the mean value of 5.91°C across the physical processes study area. This point is 

thus considered representative of the stratification across the physical processes study during the peak 

stratification month of August, and throughout the year. 

10. For completeness, the August mean variation of the nearbed and surface temperature and salinity across 

the physical processes study area is presented in Figure 4.1 and Figure 4.2 respectively, when stratification 

is most evident in the data. It can be seen that the thermal stratification is greatest towards the south -east 

region of the physical processes study area and at a minimum towards the north. The maximum difference 

between surface and nearbed temperatures is 7.27°C (Figure 4.1). With regard to differences in salinity, 

the greatest difference in surface and nearbed values of -0.0921 PSU occurs in the south-west region of 

the physical processes study area, with the smallest differences towards the east  (Figure 4.2).  
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Figure 4.1: Temperature Differences (Surface Minus Nearbed) – ICWS/WODC Monthly Mean Value for 
August 

 

Figure 4.2: Salinity Differences (Surface Minus Nearbed) – ICWS/WODC Monthly Mean Value for August 
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11. Further to the spatial variation in salinity and temperature differences between the surface and the nearbed 

provided in Figure 4.1 and Figure 4.2, the representative point discussed in paragraph 9 (56° 39.0000’ N, 

0° 25.0020’ W) was interrogated further to analyse the temporal variation within the dataset. To aid in the 

understanding of the timing of seasonal stratification and how this varies through the year, a series of bar 

charts are presented in Figure 4.3, Figure 4.4 and Figure 4.5 depicting the seasonal variation in salinity, 

temperature and density respectively at 56° 39.0000’ N, 0° 25.0020’ W.  

 

 

Figure 4.3: Seasonal Variation in Salinity (Surface Minus Nearbed) at 56° 39.0000’ N, 0° 25.0020’ W (Berx 
and Hughes, 2009) 

 

 

Figure 4.4: Seasonal Variation in Temperature (Surface Minus Nearbed) at 56° 39.0000’ N, 0° 25.0020’ W 
(Berx and Hughes, 2009) 

 

Figure 4.5: Seasonal Variation in Density (Surface Minus Nearbed) at 56° 39.0000’ N, 0° 25.0020’ W (Berx 
and Hughes, 2009) 

 

12. Figure 4.3 to Figure 4.5 show that August is the dominant month for surface and nearbed variation in all 

three parameters, although the seasonal trend is the most pronounced in the temperature and density 

charts. As outlined in paragraph 37 of the Physical Processes TR, the physical processes study area was 

considered as being subject to weak seasonal stratification based on the difference in surface and nearbed 

salinity over the year. However, the more evident trend depicted in Figure 4.4 does show a marked 

difference between surface and nearbed temperatures during the warmer six months of the year . 
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Considering this marked difference in temperature during the summer months, the physical processes 

study area is considered to be subject to sustained seasonal stratification, typical of the northern North 

Sea. The same trend is evident in the density plot (Figure 4.5) as a direct result of this atmospheric warming 

on surface waters, although the maximum difference in density between surface and nearbed values is 

less than 1.6 kg/m3.  

13. Furthermore, at the location within the physical processes study area which is subject to the maximum 

difference between surface and nearbed temperatures, the maximum difference in density between 

surface and nearbed values is less than 1.8 kg/m3. To provide context, this variation is circa 0.17% of the 

lowest surface density value (1,025.86 kg/m3) across the physical processes study area. This compares 

to circa 48.36% of the highest surface temperature value (7.27°C) across the physical processes study 

area, showing that although there is a large proportional variation in temperature between the surface and 

the nearbed values, the proportional variation in density is small. In terms of physical processes, 

fundamentally density is the critical variable which is the driver of marine hydrodynamics and water column 

mixing. The greater the difference in density between the layers, the mixing becomes slower and more 

difficult (Snider, 2020). 

14. A further dataset was interrogated within the Physical Processes TR (paragraphs 40 to 43 and Figures 

4.20 to 4.27) in order to determine the variation of salinity and temperature throughout the water column 

and estimate the position of the thermocline. The Scottish Shelf Waters - Reanalysis Service (SSW-RS) 

(Barton et al., 2022) provides a 27 year reanalysis dataset (1993 to 2019) of the Scottish Shelf Model (De 

Dominicis et al., 2018), which covers the Scottish continental shelf waters. The baseline assess ment for 

the Array was undertaken on the peak month of stratification (August) as determined by the Berx and 

Hughes 2009 dataset, focussing on two dates in particular, the 08 August 2016 (under storm conditions) 

and the 15 August 2016 (under calm conditions). MD-SEDD note that the Physical Processes TR does not 

comment on the difference between surface and bottom temperature, therefore to address this matter 

salinity and temperature values from these two periods were extracted from the SSW-RS dataset for a 

more detailed analysis. Further information was also requested on the depth of the thermocline, the surface 

mixed layer depth and how this varies through the year. This information is presented and discussed within 

paragraphs 16 to 20.  

15. For consistency, the same point (56° 39.0000’ N, 0° 25.0020’ W) assessed within the Berx and Hughes 

2009 dataset was further interrogated for the specific dates within the SSW-RS dataset. The variation in 

temperature through the water column under storm conditions and calm conditions is shown in Figure 4.6 

and Figure 4.7 respectively, whilst Figure 4.8 and Figure 4.9 shows the variation in salinity and Figure 4.10 

and Figure 4.11 show the variation in density. The average temperature and salinity were calculated using 

hourly data over a 24 hour period on each date for each vertical layer.  

 

 

Figure 4.6: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 08 August 
2016 (Storm Conditions) 

 

 

Figure 4.7: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
15 August 2016 (Calm Conditions) 
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Figure 4.8: Average Variation in Water Column Salinity at 56° 39.0000’ N, 0° 25.0020’ W on 08 August 2016 
(Storm Conditions) 

 

Figure 4.9: Average Variation in Water Column Salinity at 56° 39.0000’ N, 0° 25.0020’ W on 15 August 2016 
(Calm Conditions) 

 

 

Figure 4.10: Average Variation in Water Column Density at 56° 39.0000’ N, 0° 25.0020’ W on 08 August 2016 
(Storm Conditions) 

 

Figure 4.11: Average Variation in Water Column Density at 56° 39.0000’ N, 0° 25.0020’ W on 15 August 2016 
(Calm Conditions) 
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16. The position of the thermocline can be clearly seen in Figure 4.6 and Figure 4.7, where the temperature 

profile is very steep. On both 08 August and 15 August 2016, the surface mixed layer depth reaches circa 

8 m, with the thermocline located between circa 8 m and 31 m water depth, with a vertical layer thickness 

of circa 23 m, concluding that the storm conditions are not having an effect on the overall position of the 

thermocline within the water column. The effect of the storm can be seen by the disturbance to the curve 

in Figure 4.6 within the top 4 m of the water column. The lower, cooler layer is located from circa 31 m 

water depth to the bed, with temperatures showing negligible change from 35 m depth to the bed, as 

outlined in paragraph 43 of the Physical Processes TR. As noted, mixing is limited to the top 50% of the 

water column. 

17. The temperature profile is at its steepest between 11.6 m and 23.3 m under storm conditions, and from 

15.5 m to 27.1 m under calm conditions, showing a thickness of circa 11 to 12 m of the area of most rapidly 

changing temperature. The fluctuation in the position of this layer between the two assessment dates is 

unlikely due to wind effects which have limited penetration potential into the water column and is much 

more likely caused by other widescale factors such as variations in tidal conditions and atmospheric 

warming, which will fluctuate throughout the month. It is noted that there is also a difference in the 

temperature of the bottom layer between the two sample dates, demonstrating the prevalence of the effects 

of ocean scale systems.  

18. In terms of the salinity variation within the water column, the halocline is seen to occur between circa 

11.6 m and 23.3 m as shown in Figure 4.8 and Figure 4.9, with the salinity variation through the water 

column larger on the 15 August than the 08 August 2016. Due to the evident differences throughout the 

water column between the two dates, this is not considered to be related to wind effects , and likely related 

to the natural variation in the tidal front through time. For example, on 08 August 2016, nearbed salinity 

values are circa 34.833 PSU, whilst on 15 August, nearbed values are lower at circa 34.813 PSU, a 

difference of 0.02 PSU. Similarly to temperature, negligible change is evident from 35 m depth to the bed, 

with mixing limited to the top 50% of the water column. This is marginally deeper than the 27 m depth 

quoted within paragraph 42 of the Physical Processes TR, with the graphical plots providing a more 

detailed insight into the positions of the layers. 

19. Finally, the position of the pycnocline is evident from the plots in Figure 4.10 and Figure 4.11. This is seen 

to occur between circa 8 m and 31 m water depth, in line with the thermocline, with the surface mixed layer 

depth reaching 8 m. 

20. The results discussed in the preceding paragraphs relate to the period of peak stratification throughout the 

month of August. For completeness, the variation in water column temperature throughout the year is 

presented in Figure 4.12 to Figure 4.23 from January to December, respectively. The plots show the onset 

of stratification in April (Figure 4.15), with the emergence of a shallow and narrow thermocline in June, 

situated between 3.9 m and 15.5 m depth (Figure 4.17). The thermocline strengthens and deepens 

throughout July and August (Figure 4.18 and Figure 4.19) reaching a depth of 19.4 m and 31.0 m, 

respectively. By September (Figure 4.20) the thermocline has decreased in depth reaching 19.4 m below 

the surface, with no evidence of stratification from October (Figure 4.21) through to March (Figure 4.14). 

 

 

Figure 4.12: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 January 2016 

 

 

Figure 4.13: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 February 2016 
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Figure 4.14: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 March 2016 

 

Figure 4.15: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 April 2016 

 

 

Figure 4.16: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 May 2016 

 

Figure 4.17: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 June 2016 
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Figure 4.18: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 July 2016 

 

Figure 4.19: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 August 2016 

 

 

Figure 4.20: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 September 2016 

 

Figure 4.21: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 October 2016 

-73.7
-69.8
-65.9
-62.1
-58.2
-54.3
-50.4
-46.5
-42.7
-38.8
-34.9
-31.0
-27.1
-23.3
-19.4
-15.5
-11.6
-7.8
-3.9
0.0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

6 8 10 12 14

S
S

W
-R

S
 D

e
p
th

 f
ro

m
 S

u
rf

a
c
e
 (

m
)

S
S

W
-R

S
 L

a
y
e
r 

N
u
m

b
e
r

Temperature °C

Variation in Water Column Temperature 8/7/2016

-73.7
-69.8
-65.9
-62.1
-58.2
-54.3
-50.4
-46.5
-42.7
-38.8
-34.9
-31.0
-27.1
-23.3
-19.4
-15.5
-11.6
-7.8
-3.9
0.0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

6 8 10 12 14

S
S

W
-R

S
 D

e
p
th

 f
ro

m
 S

u
rf

a
c
e
 (

m
)

S
S

W
-R

S
 L

a
y
e
r 

N
u
m

b
e
r

Temperature °C

Variation in Water Column Temperature 8/8/2016

-73.7
-69.8
-65.9
-62.1
-58.2
-54.3
-50.4
-46.5
-42.7
-38.8
-34.9
-31.0
-27.1
-23.3
-19.4
-15.5
-11.6
-7.8
-3.9
0.0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

6 8 10 12 14

S
S

W
-R

S
 D

e
p
th

 f
ro

m
 S

u
rf

a
c
e
 (

m
)

S
S

W
-R

S
 L

a
y
e
r 

N
u
m

b
e
r

Temperature °C

Variation in Water Column Temperature 8/9/2016

-73.7
-69.8
-65.9
-62.1
-58.2
-54.3
-50.4
-46.5
-42.7
-38.8
-34.9
-31.0
-27.1
-23.3
-19.4
-15.5
-11.6
-7.8
-3.9
0.0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

6 8 10 12 14

S
S

W
-R

S
 D

e
p
th

 f
ro

m
 S

u
rf

a
c
e
 (

m
)

S
S

W
-R

S
 L

a
y
e
r 

N
u
m

b
e
r

Temperature °C

Variation in Water Column Temperature 8/10/2016



 

 

 

 

Addendum to Chapter 7: Physical Processes 
11 

 

 

 

Figure 4.22: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 November 2016 

 

Figure 4.23: Average Variation in Water Column Temperature at 56° 39.0000’ N, 0° 25.0020’ W on 
08 December 2016 

5. FUTURE BASELINE SCENARIO 

21. MD-SEDD have advised that further evidence is required to support assumptions on the future baseline 

scenario, in relation to climate change and the resultant impact to tidal fronts. The future baseline scenario 

is provided within section 7.7.3 of volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 2024b), 

stating that seasonal stratification may increase in magnitude and be prevalent through more months of 

the year, due to a rise in ocean temperatures.  

22. A 2020 study by Guancheng et. al on the increasing ocean stratification over the past half century found 

that stratification has increased by 5.3% globally from 1960 to 2018, at a rate of 0.90% per decade, 

predominantly due to temperature changes. (Guancheng et al., 2020). Further the study states that global 

warming has changed oceanic temperature and salinity fields and therefore impacts to stratification are 

expected (Guancheng et al., 2020). Projected future changes in stratification will have an effect  on density-

driven ocean circulation and is projected to continue to increase due to ocean warming and freshwater 

input from ice-melt (Guancheng et al., 2020). 

23. The IPCC Special Report on the Ocean and Cyrosphere in a Changing Climate (Bindoff et al., 2019), also 

notes that observed warming and high-latitude freshening result in a decrease in ocean density over time 

relative to the deeper ocean, having an effect on surface and deep water mixing. The paper also projects 

that by 2100, the annual mean stratification of the top 200 m will be between 1% and 30% relative to the 

1986 to 2005 period, depending on the emission scenario (Bindoff et al., 2019). This annual mean 

stratification was averaged from 1986 to 2005 between 60º South and 60º North (Bindoff et al., 2019) in 

relation to the percentage change in ocean density between surface waters and deeper waters.  

24. With projected increases to stratification levels, this may result in increased impacts to tidal fronts, should 

infrastructure be developed above or below the sea surface. 

6. ASSESSMENT OF SIGNIFICANCE 

IMPACTS TO SEASONAL STRATIFICATION DUE TO THE PRESENCE OF INFRASTRUCTURE 

25. In acknowledgement to the representations provided by MD-SEDD and NatureScot on the assessment of 

the impact to seasonal stratification due to the presence of the infrastructure  associated with the Array, 

further evidence has been provided within this section to support the assessment of the significance of 

effects.  

26. MD-SEDD and NatureScot requested clarity in the position of thermocline within the baseline assessment 

which will underpin the assessment of the impact to seasonal stratification due to the infrastructure within 

the water column. Due to the uncertainty surrounding the selection of the MDS for this impact, NatureScot 

presented the alternative approach of the consideration of two MDS, as it is unclear whether the potential 

impact to seasonal stratification may be greater due to a larger number of floating foundations with a 25 m 

draft or a smaller number of turbines with a 40 m draft. MD-SEDD also advise that the 40 m draft may lead 

to more enhanced vertical mixing depending on thermocline depth. 

27. On consideration of the advice presented by MD-SEDD and NatureScot, a second MDS has been 

considered for the impacts to seasonal stratification due to the presence of infrastructure  associated with 

the Array. For clarity and comparison, both MDS are presented in Table 6.1 in line with Table 7.7 of volume 

2, chapter 7 of the Array EIA Report (Ossian OWFL, 2024b), in addition to the assessment of significance 

for this impact. 
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Table 6.1: Maximum Design Scenarios Considered for Impact to Seasonal Stratification due to the 
Presence of Infrastructure as Part of the Assessment of LSE1 on Physical Processes 

Potential Impact 

Phase1 
Maximum Design 
Scenario 

Justification 

C O D 

Impacts to seasonal 
stratification due to 
the presence of 
infrastructure 

   Operation and 
Maintenance Phase 

MDS 1 Up to 265 floating 
wind turbines with a 
maximum draft of 25 m, with 
a surface obstruction of 
3,789,500 m2 over the Array. 

This MDS was initially 
considered for this impact 
within the original 
application, with assessment 
expanded upon in this 
document. 

The presence of infrastructure above and below the water line 
could alter seasonal stratification (e.g. where water density varies 
by depth), potentially impacting physical features within the Array. 

Downstream reductions in the wind field and the knock-on effect 
on waves and tides may alter seasonal stratification, therefore the 
largest surface obstruction has the potential to cause the greatest 
impact to stratification. This is produced by 265 floating wind 
turbines over the site boundary, with a corresponding draft of 
25 m.  

Operation and 
Maintenance Phase 

MDS 2 Up to 130 floating 
wind turbines with a 
maximum draft of 40 m, with 
a surface obstruction of 
2,184,000 m2 over the Array. 

This MDS is the additional 
scenario for this impact, 
considered following advice 
from NatureScot. 

The infrastructure within the water column may also have an 
impact on stratification, due to the effect on vertical mixing and the 
likely position of the thermocline. As there is uncertainty 
surrounding the critical factor on determining the potential 
magnitude of this impact, a second MDS has been selected, 
which includes up to 130 floating wind turbines with a 
corresponding draft of 40 m. This MDS is subject to a smaller 
surface obstruction over the Array than MDS 1, however includes 
infrastructure which penetrates deeper within the water column. 

 Magnitude of impact 

28. As discussed under paragraphs 93 to 96 of volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 

2024b), downstream reductions in the wind field and the knock-on effect on waves and tides, along with 

the impact on waves and tides due to the presence of infrastructure within the water column may alter 

seasonal stratification, although there remains much uncertainty surrounding the magnitude of this impact . 

As it is unclear whether the surface obstruction due to the infrastructure or the water column obstruction 

is the most critical in determining the potential magnitude of this impact, two MDS were selected for 

assessment to ensure comprehensive coverage of this impact. 

29. MDS 1 is based on the largest surface obstruction of 3,789,500 m2 produced by 265 semi-submersible 

wind turbines, which have a corresponding draft of 25 m. MDS 2 is based on the greatest draft (40 m) 

within the water column which corresponds to 130 Tension Leg Platform (TLP) wind turbines with a surface 

obstruction of 2,184,000 m2 over the Array. MDS 2 is subject to a smaller surface obstruction over the 

Array than MDS 1, however includes infrastructure which penetrates deeper within the water column.  

 

1 C = Construction, O = Operation and maintenance, D = Decommissioning 

 MDS 1 

30. In terms of the presence of the Array floating foundations with a surface obstruction of 3,789,500  m2 over 

the Array, this represents only 0.44% of the total Array area of 858 km2 and thus is anticipated to have a 

negligible effect on the large scale tidal regime or wave field within the Array.  

31. The 25 m draft of these structures in the water column would equate to a conservatively estimated water 

column obstruction volume of circa 94,737,500 m3 over the Array, in addition to the small number of 

Offshore Substation Platforms (OSPs). To put this into context within the scale of the Array, with an 

average depth of 74.47 m, the ocean volume within the Array is circa 63,895,260,000 m3, thus the 

obstruction volume is estimated to be only 0.148% of the Array ocean volume. 

32. As discussed in paragraph 16 of this document, the baseline position of the thermocline during peak 

stratification conditions has been established based on data from the SSW-RS. The thermocline was 

estimated to be located between circa 8 m and 31 m water depth, with a thickness of circa 23 m. The 

lower, cooler layer was shown to be located from circa 31 m water depth to the bed, with temperatures 

showing negligible change from 35 m depth to the bed and mixing limited to the top 50% of the water 

column. The 25 m draft considered within MDS 1 would not penetrate into the lower, cooler layer beneath 

the thermocline, therefore limiting the vertical mixing from the warmer surface layer through the 

thermocline into the lower layers, during the period of peak stratification in August.  

33. However, it is noted that thermocline position within the water column varies throughout the year,  as 

discussed in paragraph 20 of this document. Following the onset of stratification in April the emergence of 

a shallow and narrow thermocline is evident from the month of June, located from a depth of 3.9  m to 

15.5 m. The thermocline strengthens and deepens throughout July and August reaching a depth of 19.4  m 

and 31.0 m respectively, retreating towards the surface during September (19.4 m depth) with no evidence 

of stratification from October to March. 

34. With the floating infrastructure occupying the top 25 m of the water column, during the months of June, 

July and September, the wind turbine foundations will penetrate the thermocline, reaching the lower 

stratified layer, increasing the opportunity for vertical mixing to occur between the layers. The temperature 

gradient between the layers is less during these months than in August, with a difference of 1.9°C between 

the surface and bed layers in June compared to 3.5°C difference in August. Therefore more energy and 

hence more mixing would be required for the layers to become fully mixed within the peak stratification 

month of August, when the potential energy anomaly is greater. Therefore, there is more potential for 

floating infrastructure to disrupt stratification towards the onset and decay of stratification, due to their 

surface-orientated position within the water column and the position of the higher and weaker thermocline 

within the water column.  

35. A research paper on the unstructured grid modelling of offshore wind farm impacts on seasonally stratified 

shelf seas notes through modelling that horizontal wakes have the potential to extend up to 250 times the 

diameter of a monopile (Cazenave et al.,2016), referring to a 5% reduction in peak velocity. However, 

vertical velocities were shown to be in a downwards direction upstream of a monopile structure, reversed 

to an upwards direction downstream of the structure, with magnitudes of up to 0.1 m/s over a limited extent 

(circa 20 m from the monopile) for the modelled scenario (Cazenave et al., 2016). It was noted that smaller 

vertical velocities will occur in stratified waters than fully mixed waters due to the increased energy anomaly 

(Cazenave et al., 2016). It was seen that an approximate 200 m radius developed around each modelled 

monopile over which increased exchange occurs, with impact decreasing with distance from the monopile 

(Cazenave et al., 2016). Thus, although vertical water column mixing has the potential to be affected by 

the Array infrastructure, it is likely to be confined to the immediate vicinity of the structure, with smaller 

vertical velocities in the upper layers than would be produced in the lower layer if the foundations were to 

be obstructing the entire water column. Model results showed the strongest vertical velocities in the lower 

part of the water column, based on monopile foundations (Cazenave et al., 2016). It is noted however that 
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even though the vertical mixing will occur over a very limited horizontal distance, there is the potential for 

a larger-scale impact when collectively considering a large number of foundations, in relation to the effect 

on tidal amplitudes, although there remains uncertainty in the magnitude of this impact (Cazenave et al., 

2016) and this is also dependent upon the spacing and alignment of the infrastructure. 

36. With regard to the effect of winds on waves and currents and the effect on mixing and seasonal 

stratification, it was established in paragraphs 98 and 99 of volume 2, chapter 7 of the Array EIA Report 

(Ossian OWFL, 2024b) that the limited reduction in wind speed due to the presence of the infrastructure 

is not considered to have a marked effect on waves and currents within the Array, which are predominantly 

determined from other factors, such as swell and the large scale tidal regime. Furthermore, from baseline 

evidence, as detailed in the Physical Processes TR (paragraphs 40 to 43) and under paragraph 16 of this 

document, it has been shown that the impact of wind on seasonal stratification through the water column 

at the Array is negligible, with storm conditions seen to be ineffective in altering the overall position of the 

thermocline during periods of peak stratification.  

37. As has been discussed in paragraph 33 of this document, towards the onset and decay of stratification, 

the position of the thermocline is located further towards the surface than during the peak period of 

stratification in August. With wind effects limited to the top 4 m to 5 m of the water column, there is potential 

to disrupt the periods of onset and decay of stratification, when the thermocline is in the early stages of 

development or late stages of decay and positioned towards the surface of the water column.  

 MDS 2 

38. In terms of the presence of the Array floating foundations with a surface obstruction of 2,184,000 m2 over 

the Array, this is only 0.25% of the total Array area of 858 km2, less than for MDS 1 and thus is also 

anticipated to have a negligible effect on the large scale tidal regime, wind or wave fields within the physical 

processes study area.  

39. MDS 2 however is subject to a deeper draft of infrastructure than MDS 1, although remains notably less 

than for fixed foundations. MDS 2 would equate to a conservatively estimated water column obstruction 

volume of circa 87,360,000 m3 over the Array, in addition to the small number of OSPs, which is less than 

for MDS 1. Within the scale of the Array, this obstruction volume is estimated to be circa 0.137% of the 

Array ocean volume. As the water column obstruction volume has been calculated on a conservative basis, 

assuming full blockage volume to 40 m depth, in reality there will be less obstruction due to the type of 

floating infrastructure under consideration, whereby the blockage will not be solid and gaps will allow some 

current flow through these structures. TLP foundations will likely allow more flow through the infrastructure 

than the semi-submersibles described under MDS 1 and cause even less water column obstruction than 

noted.  

40. Unlike MDS 1 however, MDS 2 does have the potential for the infrastructure with the 40  m draft to fully 

penetrate the thermocline and reach the lower stratified layer during the peak stratification period of 

August. As per MDS 1, there is also the potential to disrupt the weaker and higher-positioned thermocline 

towards the onset and decay of seasonal stratification. Although this infrastructure with 40  m draft would 

be sited within surface and lower layers during the full stratification season, with the potential turbulence 

and degree of enhanced vertical mixing greater at each foundation than for MDS 1, this should be 

considered in terms of the scale of the Array. Vertical mixing which may occur due to increased turbulence 

at these structures will be very localised, with effects decreasing rapidly with distance from the structures 

due to the low current speeds in the area, as demonstrated by Cazenave et al. (2016). As there are fewer 

wind turbine foundations within MDS 2 in comparison with MDS 1, the minimum spacing is greater between 

the foundations, at 1,400 m. As such the small, localised changes to the thermocline are unlikely to disrupt 

the overall pattern of seasonal stratification within the physical processes study area due to the Array.  

 Conclusion 

41. There is anticipated to be a negligible effect on the large scale tidal regime, wind or wave fields within the 

physical processes study area due to the Array for MDS 1 and 2.  

42. There is potential for Array infrastructure to reach the lower stratified layer for both MDS 1 and 2, with 

MDS 2 having potential to interact with the lower layer during the peak stratification month of August. It is 

likely that any disruption to the thermocline would occur towards the onset or decay of stratification, when 

the thermocline is at its weakest and located towards the water column surface and when the potential 

energy anomaly is less. However, the magnitude of these impacts has been considered in context over 

the scale of the Array, with localised turbulent mixing considered unlikely to affect the overall pattern of 

seasonal stratification on a wide scale.  

43. Any reduction to stratification due to the presence of the floating foundations within the upper stratified 

layer of the water column may also be countered by any potential increase to stratification caused by a 

decrease in wind speeds, as the two impacts would likely have opposing, though not equal , effects. 

Furthermore, any increase in seasonal stratification due to climate change, as evident from a recent 

Intergovernmental Panel on Climate Change (IPCC) Special Report (Bindoff et al., 2019), may counteract 

the stratification reduction due to water column infrastructure, although it is recognised that there is 

uncertainty in how these two opposing effects may interact. 

44. Taking both MDS into consideration and the findings of the assessment, the impact is predicted to be of 

local spatial extent, long term duration, intermittent and high reversibility. It is predicted that the impact will 

affect the receptor directly. The magnitude is therefore considered to be medium.  

 Sensitivity of the receptor 

45. The receptors in relation to changes to seasonal stratification due to the presence of infrastructure are 

considered to be the tidal front, in addition to the thermocline in non-frontal regions within the physical 

processes study area. Frontal positions are predominantly controlled by tidal mixing, however any changes 

to seasonal stratification would be fully recoverable by the removal of the infrastructure.  

46. The tidal front and thermocline collectively are deemed to be of low vulnerability and highly recoverable. 

The sensitivity of the receptor is therefore considered to be low. 

 Significance of the effect 

47. Previous studies have demonstrated no significant impacts on waves and tides, with negligible effects to 

stratification fronts, as discussed in paragraphs 104 to 106 of volume 2, chapter 7 of the Array EIA Report 

(Ossian OWFL, 2024b). The study by Carpenter et al. (2016) concluded that there is expected to be very 

little impact on large scale stratification at the current offshore wind farm capacity in the North Sea, 

however it is recognised that further research is required on the impact on large scale stratification due to 

the increase in leased capacity in the North Sea.  

48. Due to the scale of the Array and the designed in measure of sufficient spacing between wind turbines, 

the impact will be insignificant in terms of the effect on waves and tides over the Array as a whole and will 

not be expected to change the wave or tidal regime in the physical processes study area. Therefore, there 

is unlikely to be any knock-on impact to stratification from these pathways. It is likely that any disruption to 

the thermocline would occur towards the onset or decay of stratification, when the thermocline is at its 

weakest and located towards the water column surface and when the potential energy anomaly is less , 

however vertical mixing is likely to be confined to a short distance from the wind turbine foundations  due 

to the low current speeds in the area, which are generally significantly below 1 m/s. 

49. With regard to wind effects on seasonal stratification, a reduction in wind wake which occurs primarily at 

hub height is anticipated to have very limited effect on stratification though the water column, as discussed 

under paragraph 36. Any increase in stratification due to a reduction in wind speed would have an opposing 

effect to any potential reduction in stratification due to the presence of infrastructure within the water 
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column. Any changes to seasonal stratification are considered to be highly localised and will not result in 

wide scale changes to the tidal front.  

50. Overall, the magnitude of the impact is deemed to be medium and the sensitivity of the receptor is 

considered to be low. The effect will therefore be of minor adverse significance, which is not significant in 

EIA terms. 

 Secondary mitigation and residual effect 

51. No physical processes mitigation is considered necessary because the likely effect in the absence of 

mitigation is not significant in EIA terms. 

7. CUMULATIVE EFFECTS ASSESSMENT 

52. As there has been no change to the outcome of the assessment for the impact  to seasonal stratification 

due to the presence of infrastructure, there will subsequently be no change to the cumulative effects 

assessment, as set out in section 7.12.3 of volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 

2024b). 

8. MONITORING 

53. Following advice received from MD-SEDD and NatureScot, it is recognised that due to the existing 

knowledge gap surrounding the potential impact to seasonal stratification due to the presence of 

infrastructure associated with floating offshore wind farms during the operation and maintenance phase, 

pre, during and post construction monitoring would aid in the understanding of this complex issue and 

demonstrate that the outcome of the assessment will apply to reality. As such, Ossian Offshore Wind Farm 

Limited (Ossian OWFL) will seek to engage with ScotMER to facilitate and develop a strategic approach 

to the monitoring of large scale impacts on stratification due to the presence of floating offshore wind 

infrastructure. 

9. TRANSBOUNDARY EFFECTS 

54. No likely significant transboundary effects with regard to physical processes from the Array upon the 

interests of European Economic Area (EEA) states were identified in the assessment, as stated in section 

7.14 of volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 2024b). 

10. INTER-RELATED EFFECTS 

55. There were no likely inter-related effects determined for Impacts to seasonal stratification due to the 

presence of infrastructure, as the effect has been assessed during the operational and maintenance phase 

only, as outlined in Table 7.15 of volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 2024b). 

Furthermore, there are no potential inter-related receptor led effects for physical processes, as each 

receptor relates to one impact pathway. 

56. MD-LOT requested further clarification that potential knock on consequences to primary productivity and 

higher trophic levels have been considered within the assessment which the Applicant has provided in 

10.1. 

10.1. PRIMARY PRODUCTION AND HIGHER TROPHIC LEVELS 

57. The potential impacts to mixing and stratification from ‘impacts to the wind field due to the presence of 

infrastructure’ and ‘impacts to seasonal stratification due to the presence of infrastructure’ were assessed 

for the operation and maintenance phase in volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 

2024b) (paragraphs 81 et seq., and 92 et seq.), and the seasonal stratification impact was assessed in 

further detail in section 6 of this document. Both assessments have been undertaken using a precautionary 

MDS approach. This indicates that the assessment conclusions are likely conservative. This is also 

supported by the performed modelling of downstream wind speeds which indicates a reduction in 

downstream wind speeds by up to 10% at 10 m above mean sea level. However, designed in measures 

such as turbine spacing and wake modelling will in reality likely yield a lesser reduction at this altitude. .  

58. The assessment concluded that the changes to the wind field would decrease by less than 10% of the 

baseline wind speed, with decreased mixing and increased stratification, with limited wake effects. The 

presence of infrastructure was concluded as likely to cause a reduction in stratification, which would likely 

have an opposing, though not equal, effect to the increased stratification caused by decreasing wind 

speeds. Based on these assessments, the overall impact was concluded to be minor adverse for both 

impacts.  

59. Although impacts relating to mixing and stratification were concluded to be at most minor adverse, 

consideration was given to the potential knock-on consequences to primary productivity and higher trophic 

levels from impacts to seasonal stratification in volume 2, chapter 20 of the Array EIA Report (paragraphs 

39 et seq., 149 et seq., and 221 et seq.). This assessment (paragraph 39 et seq.) concluded that there are 

no significant potential inter-related receptor-led effects for any physical processes impacts, with no effects 

on primary productivity or higher trophic levels identified within this assessment. The potential effect of 

changes in water stratification impacting higher trophic level predators, such as kittiwake or terns, was 

assessed to be not significant (paragraphs 221 et seq.), due to these predators not being restricted to just 

the first few metres of the sea surface and therefore having resilience against any local scale changes in 

vertical prey distribution. 

60. Uncertainty exists in the relationship between stratification and primary productivity changes caused by 

offshore wind turbine infrastructure. Research from fixed foundation turbines indicated that increases in 

turbine foundation size were associated with decreases in primary productivity outside of natural 

interannual variability in some locations (Tweddle et al., 2016), but other research has indicated modelled 

primary productivity increases of up to 8% within offshore wind farm areas (Slavik et al., 2019, van der 

Molen et al., 2014). The potential also exists for altered wind wakes around the increasing number of 

offshore wind farm infrastructure projects to change primary productivity by up to ±10% within the North 

Sea (Daewel et al., 2022). However, the conclusions of non-significant minor adverse impacts on 

stratification and the wind field due to the presence of infrastructure made on the Array EIA Report, were 

based upon up-to-date available research and best available evidence and are l ikely precautionary, due 

to conservative assumptions made within the modelling, including assessment of a MDS which is unlikely 

to be fully realised. As only non-significant changes to stratification are predicted, subsequent impacts on 

primary productivity and therefore higher trophic levels would also be minor. 

61. The interaction between stratification changes and primary productivity has been highlighted as a priority 

for future research due to the uncertainty arising from existing models (Isaksson et al., 2023). Further data 

gathering on the link between offshore wind farm infrastructure, stratification changes, and primary 

production is being conducted by projects such as the Physics-to-Ecosystem Level Assessment of Impacts 

of Offshore Windfarms (PELAgIO, 2024). Preliminary evidence suggests that offshore wind farms in 

seasonally stratified waters may affect sea surface temperatures across large areas, which may impact 

primary production. However, the physical processes study area is considered to be subject only to 

sustained seasonal stratification and relatively thorough mixing between temperature layers across 

seasons (volume 2, chapter 4 of the Array EIA Report, paragraphs 25 and 26), and therefore the likelihood 

of significant impacts to primary production are low in this area. 

62. In conclusion, although there are uncertainties associated with the effect of offshore wind farms on 

stratification and consequent effects on primary productivity, the site-specific assessment undertaken for 
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the Array, which itself was informed by modelling and site-specific considerations (e.g. sustained seasonal 

stratification) has predicted that effects will be, at worst, of minor significance and will not lead to significant 

effects on marine biodiversity species, populations or ecosystems. 

11. SUMMARY  

63. Information on physical processes within the physical processes study area was collected through a 

detailed desktop review of existing studies and datasets, in addition to site -specific surveys as presented 

in volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 2024b). This information and the 

assessment of effects on physical processes is supported by the data and findings discussed within this 

document. 

64. Table 11.1 presents a summary of the potential impacts, designed in measures and the conclusion of LSE 1 

in EIA terms in respect to physical processes, considering the further assessment discussed within this 

document. The effects assessed include: 

• increase in Suspended Sediment Concentrations (SSCs) and associated deposition and sediment 

transport due to operation and maintenance activities; 

• impacts to the wind field due to the presence of infrastructure; and 

• impacts to seasonal stratification due to the presence of infrastructure. 

65. Note, no further assessment has been undertaken within this document for the increase in SSCs and 

associated deposition and sediment transport due to operation and maintenance activities. The further 

assessment within this document relates to impacts to the wind field and impacts to seasonal stratification 

due to the presence of infrastructure. Table 11.1 presents a summary of all three impacts together for 

completeness. 

66. Each of these impacts are relevant to the operation and maintenance phase of the Array, with all 

construction and decommissioning impacts screened out, as discussed under section 7.8.2 of volume 2, 

chapter 7 of the Array EIA Report (Ossian OWFL, 2024b), as numerous offshore wind farm studies have 

predicted no significant effects for physical processes in these phases.  

67. As outlined in volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 2024b), increased SSCs 

associated with mooring lines making contact with and moving on the seabed may impact physical features 

within the Array but will not extend to any designated areas. The estimated potential increases in SSCs 

are low in magnitude and likely to be significantly less than the baseline winter storm scenario. The 

sensitivity of the seabed morphology receptor is considered to be low, with no significant effects predicted.  

68. There is potential for the presence of infrastructure within the Array to alter the wind field, potentially 

impacting on mixing and stratification. However, it was estimated that the maximum percentage reduction 

to mean wind speeds in the wake of each individual wind turbine was seen to be circa 10% at 10 m above 

Mean Sea Level (MSL) and the magnitude of this impact considered as medium. The effect on wind speeds 

will be reduced at the water surface, with previous North Sea studies having shown wind speed reductions 

at the surface due to these wakes in the order of 0.1 m/s to 0.5 m/s. Furthermore, the baseline evidence 

has shown that the impact of wind on seasonal stratification through the water column at the Array are 

limited. Therefore, no significant effects are predicted. 

69. The impact on waves and tides due to the presence of infrastructure within the water column may also 

locally alter seasonal stratification. Further evidence has been provided within this document in support of 

the assessment of this impact, including a more detailed review of baseline water column processes, to 

identify the onset and decay of stratification and examine the period when stratification is most evident, 

aiding in the understanding of the position of the thermocline within the water column and the potential for 

mixing between layers. This enabled a more thorough assessment to be undertaken of the potential impact 

of the infrastructure on seasonal stratification. It was established that there is potential for the Array 

infrastructure to penetrate the thermocline and interact with the lower layer, although depending on the 

draft of the infrastructure this may occur throughout the stratification season or solely during the onset and 

decay of stratification when the thermocline position is close to the surface and the potential energy 

anomaly is less. However, due to the small proportion of oceanic volume that will potentially be occupied 

by the Array infrastructure, in comparison to the physical processes study area, the spacing between the 

turbine foundations and the reduction in turbulent mixing with distance from those foundations, the overall 

pattern of seasonal stratification is unlikely to be affected on a wide scale. Therefore, impacts to waves 

and tides and hence seasonal stratification are predicted to be medium in magnitude. If any impact exists, 

it is likely that a reduction to stratification may occur due to the presence of the foundations within the 

upper water column. This may be countered by any potential increase to stratification caused by a 

decrease in wind speeds due to the Array infrastructure or as a result of climate change.  

70. Any changes to the position of the tidal front or development of the thermocline due to the impact on 

seasonal stratification would be fully recoverable by the removal of the infrastructure. As the tidal front and 

thermocline over the physical processes study area are deemed to be of low vulnerability and highly 

recoverable, the sensitivity of the receptor is considered to be low and no significant effects are predicted. 

71. Overall, it is concluded that there will be no LSE1 arising from the Array during the construction, operation 

and maintenance or decommissioning phases. This is in line with the EIA determination presented in the 

original application, whereby no LSE1 arising from the Array, were predicted. The additional information 

provided within this document further supports this conclusion. 

72. The impacts listed in paragraph 64 have been assessed cumulatively and Table 11.2 presents a summary 

of the potential impacts, designed in measures and the conclusion of LSE 1 on physical processes in EIA 

terms. 

73. Four projects were identified for the Cumulative Effects Assessment (CEA), which have the potential to 

coincide spatially and temporarily with the operation and maintenance phase of the Array. However, as 

discussed under section 7.12.3 of volume 2, chapter 7 of the Array EIA Report (Ossian OWFL, 2024b), it 

is unlikely that cable reburial and repair activities or decommissioning activities will occur simultaneously 

to the MDS for SSCs for the Array, and even if this did occur, these activities would be of limited spatial 

extent and frequency. The low sediment transport rates in the physical processes study area should restrict 

the potential impact on sediment transport due to fixed foundations from other projects. Therefore, no 

significant cumulative effects are predicted. 

74. The cumulative effects on wind wakes as a result of the Array and neighbouring offshore wind farms were 

assessed, showing no likely significant cumulative effects due to the limited reduction in wind speeds at 

any significant distance to the lee of the wind turbines. 

75. There is some potential for the effects of underwater infrastructure from other projects to affect the 

seasonal stratification within the physical processes study area, however, this long term potential impact 

was assessed to be medium in magnitude due to the minimal far field impacts, with potential impacts to 

seasonal stratification considered to be mainly confined to the near field . Thus, no significant cumulative 

effects are predicted. 

76. Overall, it is concluded that there will be no likely significant cumulative effects from the Array alongside 

other projects/plans. This is in line with the EIA determination presented in the original application, whereby 

no likely significant cumulative effects from the Array, alongside other projects/plans were predicted. The 

additional information provided within this document further supports this conclusion. 

77. No likely significant transboundary effects have been identified in regard to effects of the Array.  

78. On the basis that there remains limited available evidence related to the potential impact on seasonal 

stratification due to floating infrastructure in relatively deep offshore waters, Ossian OWFL will seek to 

engage with stakeholders in the development of a strategic approach to the monitoring of these impacts, 

in order to contribute further to this evidence base. 
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Table 11.1: Summary of Likely Significant Environmental Effects, Secondary Mitigation and Monitoring 

 

Table 11.2: Summary of Likely Significant Cumulative Environment Effects, Mitigation and Monitoring 

Description of Impact Phase Magnitude of Impact Sensitivity of Receptor Significance of Effect Additional Measures Significance of 
Residual Effect 

Proposed Monitoring 

Increase in SSCs and 
associated deposition and 
sediment transport due to 
operation and 
maintenance activities 

Operation and maintenance Low Seabed Morphology - Low Negligible adverse None Negligible adverse None 

Impacts to the wind field 
due to the presence of 
infrastructure 

Operation and maintenance Medium Wind Field - Negligible Minor adverse None Minor adverse None 

Impacts to seasonal 
stratification due to the 
presence of infrastructure 

Operation and maintenance Medium Tidal Front and Thermocline - Low Minor adverse None Minor adverse Refer to paragraph 53 

Description of Impact Phase Cumulative Effects 
Assessment Tier  

Magnitude of Impact Sensitivity of Receptor Significance of Effect Additional Measures Significance of Residual 
Effect 

Proposed Monitoring 

Increase in Suspended 
Sediment Concentrations 
(SSCs) and associated 
deposition and sediment 
transport due to operation 
and maintenance activities 

Operation and maintenance Tiers 1, 2 and 3 Low Seabed Morphology - Low Negligible adverse None Negligible adverse None 

Impacts to the wind field due 
to the presence of 
infrastructure 

Operation and maintenance Tiers 2 and 3 Medium Wind Field - Negligible Minor adverse None Minor adverse  None 

Impacts to seasonal 
stratification due to the 
presence of infrastructure 

Operation and maintenance Tiers 2 and 3 Medium Tidal Front and 
Thermocline - Low 

Minor adverse None Minor adverse  None 
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