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Overview  

• Background  

• Underlying science  

• The Scottish Shelf Model (SSM) today 

• Current limitations  

• Current developments and future vision  

• Applications of the SSM  

– Rory O’Hara Murray 

• SSM workshop 



What is the Scottish Shelf Model? 

A hydrodynamic model of the Scottish continental shelf waters 

Computer model that simulates 

properties of the seas such as 

movement, temperature and salinity 

Waters surrounding Scotland out 

to the 200m depth contour  



Why the Scottish Shelf Model? 

• Description of marine currents and water properties for the 

whole of Scottish waters.  

– Characterised by intricate coastline and complex bathymetry 

– Require high resolution model  

 

• Current models are not good enough  

– Covers wrong area or resolution is too coarse  



• Develop a high resolution hydrodynamic model  

– Provide physical background for many science applications  

 

• Improve on existing models   

– Correct domain and resolution  

 

• Develop tool to be used by MSS Oceanographers   

– Continue to use and develop in house  

– Community model  

What were the aims with the model? 



Development process  

• Overview 
– Stage 1: Wider domain model 

• NOC-L 

 

– Stage 2:  4 finer resolution sub-models 

• CH2M Hill  

 

– Stage 3: Output Integration  

• CH2M Hill 

 

Identified areas of 

particular interest 

Mesh together outputs 

from all models 
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Underlying Science: FVCOM 

• Finite Volume Community Ocean Model (FVCOM) 

– Hydrodynamic model developed by University of Massachusetts-

Dartmouth 

• Motivation for using FVCOM 

– Open source 

• Growing and developing  

– Unstructured grid 

• Better resolved coastline 

• Varied resolution across domain 

– Fully 3D 

– Already built in modelling features 

• Waves  

• Particle tracking 

• Sediment transport 

 

 

 

• Develop tool to be used by MSS   

– Continue to use and develop in house  

– Community model  



Stage 1: Wider domain 

Resolution: 1-10 km 

20 vertical layers  

 



Stage 2  

Pentland Firth and  

Orkney Waters (PFOW) 

St. Magnus Bay,  

Shetland (SMB) 

Wider Loch Linnhe 

System (WLLS) 

East Coast of Lewis  

and Harris 

Pentland Firth and 

 Orkney Waters 

St. Magnus bay 

Wider Loch 

Linnhe System 

East Coast of 

Lewis and Harris 

Resolution: ~150-500m 

10 vertical layers  

 

Stage 2: Sub-model development 



• Stitch together meshes  

• Interpolate output  

• Allows for particle tracking between different sub-domains  

Stage 3: Output Integration   



The SSM today  

Developed  

in house 

Developed in 

original project 

• Domains Available  

– Wider Scottish Shelf 

– Pentland Firth and Orkney Waters (PFOW) 

– St. Magnus Bay, Orkney (SMB) 

– Wider Loch Linnhe System (WLLS) 

– East Coast of Lewis and Harris (ECLH) 

– Firth of Forth (FoF) 

– Moray Firth (MF) 

 

 



The SSM today 

• Climatology 

– Represents an average year (25 years)  

• Average conditions (1957-2002) 

– Boundary and initial condition  

– Met forcing  

– Freshwater input 

– 12 months for: Wider domain, PFOW and WLLS  

– 6 months for:  SMB and ECLH 

– Integrated output 

 

• Time specific runs 
– From original project 

• Used for validation and calibration  

– Additional runs done in house for specific applications 

 

Version 2 under development. 

• Uses different forcing  

– 1990-2014 

• Wider domain completed 

• 12 months for all domains  

• + In house domains   



The SSM today 

• Climate change scenario  

– Future scenario  

• 2050  (25 year climatology) 

– Business as usual  

• RCP8.5 

• Assumed worst case scenario  

• Continue with no change (business as usual) 

– 12 months for the wider domain SSM 

 
Present Climatology Future Climatology  



Current limitations 

• Freshwater input 

– Limited to Scottish (and NI) rivers 

– Constant temperature and salinity 

• Validation focused on Scottish Waters 

– Uncertain how well model performs outside this 

• Resolution in some areas could be better  

– Shetland 

– Orkney 

• Not operational  

– Takes time (lots of work) to get output for specific time periods 

• Very large datasets on unstructured grid 

– Makes sharing outputs hard 

– Unstructured grids are hard to split into smaller areas  



In-progress and future developments 

• Climatology 2 

– Full year, integration 

• In house sub-domains 

– Moray Firth 

– Firth of Forth 

– Shetland  

– Clyde 

• Re-gridding some areas  

– Improve resolution in areas of interest 

• Working towards a quasi-operational model 

– Stream lining   

• Collaboration in numerous projects  

– EcoWatt2050 

– COMPASS 

– FW/RE 0050 

 

Identified at 

workshop in June 
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Applications of the SSM 

• Renewable energy 

– Tidal resource 

– Tidal turbines 

– Wind turbines 

 

• Particle tracking 

– Across domain boundaries 

– Connectivity between conservation and management areas 

– Parasites, diseases, fish, contaminants and pollution 

• Passive and simple implementations of behaviour 

– Oil spill modelling 

 

• And many more … 

environmental impact 

Developing and running models 

Post-processing using model output 



• Bed conditions 

• Distance from shore 

• Water depth 

• Resource (power) 

• Temporally & spatially 

variable 

• Device/array effects 

• Environmental impact 

• Turbulence & fast flows – 

challenging environment 

Where to put devices 



Tidal stream energy resource from the SSM 

Detailed 

PFOW 

model 

Wider 

domain 

model 

Tidal turbines will change this resource 



Pentland Firth and Orkney Waters Model 

• FVCOM model 

• Unstructured grid, 3D, 10 depth layers 

• ~ 100 m node spacing in the Pentland Firth 

• Fully baroclinic model with full forcing 



Baseline model results – M2 tidal forcing 
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Baseline model results – M2 tidal forcing 
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• How much power can be extracted? 

• What changes as a result? 

 

• Turbines confined to deeper water 

– Vessel clearance 

– Keep large blades below the surface 

 

Tidal power in the Pentland Firth 



Mean Power: 1.4 GW 

 

Max Power:  3.2 GW 

 

Transport reduction: 6.8 % 



Near-field changes in the Pentland Firth 

• Harmonic analysis on outputs 

• Changes to M2 tide examined rather than instantaneous 

changes 

Phase Elevation Current Speed 



Near-field changes in the Pentland Firth 

• Two scenarios with the same mean power  1.4 GW 

• Different environmental consequences 

• It is important to consider where to place turbines in order 

to maximise energy extracted and minimise environmental 

change 

Predicted M2 tidal amplitude change 



Far-field changes 

• Similar work was undertaken using the wider SSM 

• Collaboration with NOC-L (EPSRC funded EcoWatt2050) 
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East coast regional scale modelling 

• Will the development of offshore wind 

farms off the east coast influence 

oceanographic, coastal and sediment 

processes? 

• What are the most suitable areas for wind 

farm development, considering any 

potential changes to the physical 

processes? 

• Does the wind farm array layout 

significantly control the potential 

changes? 



Representing wind farm 

arrays in FVCOM 

5 km 50 km 

www.theengineer.co.uk 



Tidal currents speed with wind farm 



Relative difference in tidal speed at peak 

northerly flow 

• Relative difference = (Wind farm 

case – baseline) / baseline 

• Instantaneous difference at 

peak northerly flow 

• Grid resolution refined to 10 m 

within wind farm 

• Small ‘near field’ changes 

– flow unchanged within much of 

the array 

• No ‘far field’ changes 

• Devices representation 

techniques being 

refined/developed 



Emergency response capability – oil 

spills mainly 

• 2D oil trajectory modelling 

• Relies on UK operational 

model output AMM7 

– 6 day forecast 

– Hindcast data avaliable 

– 7 km resolution 

• SSM case studies: 

– Are much finer,  i.e. ~150 m 

– Represent our complex inshore 

circulation much better 

– Harder to incorporate into 

modelling framework quickly 

(we’re working on it) 

Don’t Panic ! 



Oil spill modelling 

A completely made up oil spill in the Minch  

Hypothetical Cromarty 

Firth oil spill modelling – 

four scenarios 



Simulating Salmon migration 

James Ounsley, Fresh water Lab 

• Where do all the wild Salmon go when they’re at sea? 

• They potentially interact with fish farms (catching diseases) 

• SSM used in conjunction with particle tracking software 

• Behaviour implemented in the model 



MPA connectivity (Hannah Millar) 

• How are MPA’s biologically connected for benthic 

species? 

• Live in or on sediment 

• Mostly sessile or sedentary  

• Sessile adults spawn and eggs/larvae are 

passively transported in the water column 

(plankton) 

• Pelagic larval duration 

• Important for population genetics  

 

• 25 MPA’s considered 



MPA connectivity (Hannah Millar) 



MPA connectivity (Hannah Millar) 

• SSM output used in conjunction with particle 

tracking software 

• Four year long SSM simulations 

 

 

 

• 25 m depth 

• Modelled the PLD 

Present day climatology Present day climatology + 

Large scale tidal energy 

Future climatology (2050) Future climatology (2050) + 

Large scale tidal energy 



MPA connectivity (Hannah Millar) 

Present Day  

Summer – Loch Creran – Horse Muscles  

Future 



The 2017 Scottish Shelf Model workshop 

• Aim: 

– Provide information  

– Provide hands on experience  

– Gauge interest  

– Industry discussion 

• Financial contribution from MASTS 

• June 14-15, Victoria Quay  

– 50 people attended  

• Different sectors (Universities, SNH, SEPA, industry) 

– Invited speakers  

• Dr Pierre Cazenave (PML)  

• Dr Michela De Dominicis  (NOC) 

• Dr Hannah Millar (HW)  

• Dr James Ounsley (MSS) 

• Prof Changsheng Chen (UMASSD) 
Developer of 

FVCOM 



Workshop outcomes 

• Main application areas:  

– Particles tracking (with and without behaviour) 

• Connectivity work  

– Energy extraction  

– Forcing and/or validating other models 

• Way of using the model: 

– Most people would just used the output rather than run the model  

– Climatology run 

• Requirements/requests: 

– More year specific runs of models  

– Additional Domains:  

• Shetland  

• Clyde 

– Way of staying in touch with SSM developments  

• Newsletter 

– Provide more training in using the SSM  

 



• Data (model outputs) stored on svm-ml  

– \\svm-ml\Shelf_Model\ 

• Marine Scotland Information  

– marine.gov.scot/content/scottish-shelf-model 

• Newsletter  

– Information about developments and updates 

– Seminars and workshops 

– Sign up through link on MSi page 

• Training/workshop  

– Accessing model output yourself 

– Is there an appetite for this? 

• Tell us! 

• Come speak to us! 

 

SSM information  
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