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1. Introduction 

The modelling programme within COMPASS is built around the pretext that useful models should operate 

seamlessly across national borders. The challenges of modelling the INTERREG VA region are considerable. 

Foremost is the complexity of the coastline, in particular of the Scottish west coast with its many islands 

and sea-lochs, but also of the Irish coastline. The COMPASS modelling effort is underpinned by 

hydrodynamic modelling of currents, temperature, salinity etc. This hydrodynamic modelling consists of 

coupled simulations using two existing and complementary models of Irish and Scottish waters. These 

component models differ substantially from one another in the size of their domain and the nature of the 

geographic mesh on which calculations are made. While the Irish model also covers Scottish waters, it is 

unable to resolve their complexity with its relatively coarse ‘structured’ mesh. The Scottish model is 

therefore ‘nested’ within the Irish model and uses an ‘unstructured’ mesh, the size of which can be locally 

adjusted, to better resolve Scottish waters.  This allows computational effort to be focussed on the small 

scales that are critical in parts of this region, in particular the narrow but frequently fast-flowing straits 

that connect water bodies (such as the Gulf of Corryvreckan). 

This technical report is a detailed description/documentation of the two component models and of the 

methodology for interfacing them. At times this assumes some specialist knowledge, however a non-

technical summary is provided. A related deliverable D.T5.2.2 is a less technical user guide to the model 

hindcasts produced through this interfacing approach.  

 
 

Figure 1: COMPASS NEA-ROMS domain showing the INTERREG VA region (green) and the extent of the 

WestCOMS-FVCOM domain (red; shown in greater detail in Figure 2). 
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2. The component models 

A detailed comparison of the two component models is provided in Table 1. 

2.1 Irish model – ROMS NE Atlantic (NEA-ROMS) 

The Marine Institute’s NE Atlantic model is an operational model based on the ROMS (Regional Ocean 

Modelling System) platform. The domain covered (Figure 1) extends into the NE Atlantic to beyond Hatton 

Bank, as well as covering inshore waters, including the Irish Sea, to the limit of resolution. Grid spacing 

varies across the domain with the highest 1.1-2.4 km resolution in Irish waters. Similar resolution is 

achieved in inshore Scottish waters although this is frequently inadequate to represent the complexity of 

the coastline (Figure 2). 

Oceanic boundary information is taken daily from the Copernicus 1/12 global model (product 

GLOBAL_ANALYSIS_FORECAST_PHY_001_024), so this NE Atlantic model is essentially nested within that 

model. Meteorological forcing is taken from ECMWF simulations, and further technical details are listed 

in Table 1. 

The NE Atlantic ROMS model is run operationally, with 3-day forecasts of hourly states available as well 

as weekly hindcasts via freely-accessible THREDDS and ERDAPP servers. 

 
Figure 2: The Scottish FVCOM domain (FVCOM-WestCOMS; red) showing its relation to the NE 

Atlantic ROMS (ROMS-NEA; interior of blue line) domain within which it is nested. 
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2.2 Scottish model – FVCOM Western Scotland (WestCOMS-FVCOM) 

The domain of the Scottish west coast WeStCOMS-FVCOM model (Figure 2) extends in the north-south 
direction from the North Channel between SW Scotland and Ireland to Cape Wrath. In the east-west 
direction it extends from inshore waters of the west coast of the Scottish mainland to just west of Malin 
Head in the south and the eastern shores of the Western Isles in the north. It does not, therefore, include 
either the west coast of the Western Isles or the Irish Sea, both areas which are included in the ROMS NE 
Atlantic domain. The unstructured triangular mesh elements are as small as 80 m in places allowing 
excellent resolution of inshore Scottish waters (Figure 3, 4), whereas towards the boundaries resolution 
is considerably poorer than the ROMS model. 

Oceanic boundary forcing is provided from the NE Atlantic ROMS model, as described below. 

Meteorological forcing is from a custom 3rd level nested high-resolution 2x2 km domain of SAMS 

operational WRF model (Skamarock et al., 2005).   

WestCOMS is run operationally, presently weekly, to produce a hindcast of the previous week and a 5 day 

forecast, with hourly resolution, of all 2D and 3D hydrodynamic fields (temperature, salinity, sea-surface 

elevation, instant and vertically-averaged currents speed and direction, various turbulence parameters, 

including horizontal and vertical diffusivity fields).   

3. Interfacing in the model overlap zone 

The Scottish WestCOMS-FVCOM model sits entirely within the domain of the Irish NEA-ROMS model and 

takes data (boundary conditions) from it in a one-way nesting approach. Data is not passed in the opposite 

direction, from the Scottish to the Irish model.  Parameters passed from the Irish to the Scottish model 

 

Figure 3: Comparison between the ROMS NE Atlantic (blue) and FVCOM WeStCOMS (red) 

grids/meshes in two regions. Left: The offshore FVCOM boundary, north of Malin Head. Right: Inshore 

Scottish waters of the Firth of Lorn/Sound of Jura. Note the differing scales of these plots. The ROMS 

grid has similar spacing in each case. 
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are at present 3-hourly, depth-varying temperature, salinity and velocity, which are interpolated to the 

FVCOM mesh at its open boundaries (green in Figure 4).  Tests using hourly NEA-ROMS forcing data have 

not yet been completed, although this is a planned future development. The 3-hourly forcing data are 

capable of resolving tides to a certain extent, however discrepancies in tidal phase and amplitude have 

been found in Scottish waters when using this 3-hourly forcing.  Therefore, an alternative approach has 

been to de-tide the NEA-ROMS forcing data then to separately apply tidal forcing at the WeStCOMS-

FVCOM boundary using the Oregon State University (OTIS) 1/30° European shelf model (Egbert et al., 

2010).  This means that there is a potential for some tidal mismatch in the interface region, although the 

accuracy of tidal representation within the FVCOM domain is improved.  

Note that in forecast mode, WestCOMS-FVCOM model uses daily-averaged boundary data supplied by 

Mercator Ocean (IBI36v5) 1/36o resolution (~2 km) rather than NEA-ROMS.  The tidal component is again 

added separately as described above.  

4. Further developments planned under COMPASS 

Work is ongoing to extend the domain of the Scottish component model WestCOMS-FVCOM (Figure 5) 

to, firstly, fully cover the Western Isles, and, secondly, to move the western boundary further west to 

avoid the rather complex Islay Front region. The domain is also being extended further south into the Irish 

Sea.  Such mesh development in this complex region is time-consuming.  Simulations with the existing 

WestCOMS-FVCOM model fully cover COMPASS deliverables, however the improved model will supplant 

it as it becomes available and is proven to be reliable. 

 
Figure 4: Open boundaries at which data is passed from NE Atlantic ROMS to WestCOMS FVCOM. 

Data is also passed through some minor boundaries between islands of the Western Isles (not shown). 
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5. Non-technical summary 

Hydrodynamic models simulate the currents, temperature and salinity of a region of ocean under the 

influence of prescribed weather conditions and water properties at the boundary.  The modelling 

programme within COMPASS is dependent on providing a simulated hydrodynamic backdrop for the 

INTERREG VA region during a 4-year period.  This is being carried out by interfacing two existing and 

complimentary models, of the northeast Atlantic (Marine Institute), which includes all Irish waters, and of 

western Scotland (SAMS).  In a ‘nesting’ approach, the Scottish model is contained entirely within the 

region described by the northeast Atlantic model, however, by performing its calculations at points on a 

mesh of triangles of varying size, it is able to represent scales that cannot be represented by the larger 

model yet are essential components of the marine environment of western Scotland.  Most significantly 

these include narrow linkages between, or inshore of, islands through which substantial quantities of 

water pass.  The Scottish model uses information such as temperature, salinity and currents at its 

                                                            

 
 

      (a) (b) 

 

Figure 5:  Extension of the WeStCOMS-FVCOM domain: (a) horizontal mesh and (b) mesh spacing, 

with the colour scale representing a range of 60 – 3400 m.  This mesh is under development. 

                                                            

 
 

      (a) (b) 

 

Figure 5:  Extension of the WeStCOMS-FVCOM domain: (a) horizontal mesh and (b) mesh spacing, 

with the colour scale representing a range of 60 – 3400 m.  This mesh is under development. 
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boundaries that is provided each hour by the larger model, ensuring that the predictions of the two 

models are largely consistent at these boundaries. 
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APPENDIX - Acronyms used: 
 

COMPASS - Collaborative Oceanography and Monitoring for Protected Areas and Species  

FVCOM – Finite Volume Community Ocean Model 

MI – Marine Institute 

MPA – Marine Protected Area 

MSS – Marine Scotland Science 

NEA-ROMS – The implementation of ROMS in the northeast Atlantic (as used by COMPASS) 

ROMS – Regional Ocean Modelling System 

WestCOMS-FVCOM – The implementation of FVCOM in western Scotland (as used by COMPASS) 
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 ROMS NE Atlantic FVCOM Western Scotland (WestCOMS) 

Host institution Marine Institute, Galway Scottish Association for Marine Science, Oban 

Model platform Regional Ocean Modelling System (ROMS) Finite Volume Community Ocean Model (FVCOM) 

Computational mesh/grid 
(Horizontal) 

Orthogonal curvilinear in spherical coordinates on Arakawa-C 
grid. 1.1-2.4 km mesh size in Irish waters, to 3.5 km at 
southern boundary. 

Unstructured, triangular mesh of variable size according 
to resolution needed and coastal geometry with a 
minimum mesh size of 80 m in the narrow straits, 100s m 
along the coastline and 1-4.6 km at open boundaries.  

Computational mesh/grid 
(Vertical) 

Terrain-following Sigma grid. 40 levels. Terrain-following Sigma grid. 10 levels, densified near the 
surface and seabed. 

Dynamical assumptions Hydrostatic, free surface, primitive equations Hydrostatic, free surface, primitive equations 

Turbulence scheme The Large, McWilliams and Doney parameterization (Large et al. 
1994) 

Mellor-Yamada 2.5 (Mellor and Yamada, 1982) 

Horizontal mixing/viscosity Biharmonic horizontal mixing for momentum equations and 
harmonic horizontal mixing for tracer equations 

Smagorinsky (1963) parameterisation (C=0.2) 

Ocean boundary conditions  Source: Copernicus 1/12° (http://marine.copernicus.eu) 
GLOBAL_ANALYSIS_FORECAST_PHY_001_024 

 Parameters: Potential temperature, salinity, sea surface 
height, velocity 

 Time step: Daily 

 Source 1: NEA-ROMS (hindcast) 

 Source 2: 5-day forecast operations are based on 
NEMO 1/36o  Ireland-Biscay-Iberian IBI36 domain of 
the Mercator-Ocean model. ftp://ftp.mercator-
ocean.fr/IBI36QV5R1/ 

 Parameters: Potential temperature, salinity, sea 
surface height, velocity   

 Time step: Hourly or 3-hourly (1) and daily (2) 

Tidal forcing TPXO08 1/30 global inverse (Egbert and Erofeeva, 2002) 
10 constituents (M2 S2 N2 K2 K1 O1 P1 Q1 MF MM) used 
(elevation and barotropic velocity) 

Oregon State University (OTIS) ES2008 1/30° European 
shelf model (Egbert et al., 2010), using 11 tidal 
constituents for elevation. 

Meteorological forcing 
 

 Source: ECMWF 

 Time step and resolution: 3 hours, 0.125° 

 Source: WeStCOMS-WRF Model,  based on the 
Weather Research and Forecasting (WRF) platform 
(Skamarock et al., 2008)  nested into the 0.25⁰ NCEP 
Global Forecasting System model (Saha et al., 2011) 
with three nested domains (18:6:2 km) with highest 
resolution over western Scotland.  

 Time step and resolution:  3 hours, 2 km 
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Fresh water inflow Daily climatology for 64 rivers Daily accumulated WRF model precipitation rate over the 
SEPA-outlined catchments areas in the WeStCOMS 
domain (previously 95 rivers, upgraded to 214 in 2018) 

Details of assimilation/nudging Boundary temperature and salinity nudged towards parent 
model (Copernicus global ocean 1/12°) 

Sea Surface Temperature from NE Atlantic ROMS is corrected 
by the nudging to the Copernicus global ocean 1/12°. 

Boundary temperature, salinity and the mean flow 
(daily/weekly de-tided) volume flux across the open 
boundary nudged towards parent model. 
Sea-surface temperature along the open boundary 
(hindcast) is adjusted toward the assimilation/nudging of 
1-km Multi-Satellite Sea-Surface Temperature (MUR-SST) 
product accessible via Jet Propulsion Lab JPL/NASA site 
(Armstrong et al., 2012). 
Glider and mooring data have also been used in a pilot 
test case study in hindcast mode (recent development 
under NERC CAMPUS project NE/R00675X). 

Publications describing model ROMS: Shchepetkin and McWilliams (2005) 
NE Atlantic: Dabrowski et al. (2014, 2016) 

FVCOM: Chen et al. 2011, 2003, 2006  
WeStCOMS - Western Scotland:  Aleynik et al. 2016 
WRF - Weather Research and Forecasting model: 

(Skamarock et al., 2008) 

Table 1: Technical details of the two component models. 


