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What are the numerical models?
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Numerical ocean models are mathematical representations of the natural marine environment, in
which the processes describing the ocean hydrodynamics (e.g. sea level, currents, and turbulence) are
described by a set of PDEs and are parameterized according to our best understanding of the system.



Page No. 3Page No.

How do we solve these equations?
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• They do not have analytical solution. We approximate the solution using so called 
numerical methods

• We use supercomputers

• For example to produce a 3-day forecast for Irish ocean these equations must be 
solved ~233 billion times
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What processes are included?

iFADO Final Workshop  Lisbon, Portugal  1st June 2023

Figure from: 
https://www.usgs.gov/centers/whcmsc/science/coawst-
coupled-ocean-atmosphere-wave-sediment-transport-
modeling-system

In addition to physics, biogeochemical
models are commonly set-up. These 
simulate lower trophic level: cycling of 
nutrients in a dissolved form and in 
phytoplankton, zooplankton and 
detritus.

https://www.usgs.gov/centers/whcmsc/science/coawst-coupled-ocean-atmosphere-wave-sediment-transport-modeling-system
https://www.usgs.gov/centers/whcmsc/science/coawst-coupled-ocean-atmosphere-wave-sediment-transport-modeling-system
https://www.usgs.gov/centers/whcmsc/science/coawst-coupled-ocean-atmosphere-wave-sediment-transport-modeling-system
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Objectives

➢ Downscaling for coastal systems to build the bridge between the Copernicus Marine Service and the Land Service. This is important 

because there is no service in these coastal areas

➢ Developed new model grids (spacing, vertical levels) and upgraded existing models, e.g. freshwaters flow sources (near-real-time-

flows).

➢ The modelling results were validated with the in situ and remote sensing data made available during the iFADO project.

➢ The model outputs are processed to derive MSFD indicators
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Models
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Marine Institute’s operational forecasting models
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New wet-dry pre-
operational version

New model
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Context
Inner Galway Bay subtidal area 10,352 ha
Inner Galway Bay intertidal area 2,111 ha
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Wetting-drying and high resolution
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High resolution
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Azores - Pico-Faial channel 

Credits: Fernando Tempera

Ireland – Clew Bay

Nagy et al., 2023
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High resolution
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Manuela Juliano – U Azores

Level 5 – Pico – Faial channel – 80 m resolution
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• Daily climatologies were used until recently

• Recent upgrades include specification of near-real-time 
flows for Irish rivers. Sources:
• https://waterlevel.ie/ - flows are published there 

operationally. For one river we apply a rating curve to 
convert stage to a flow.

• Electrical Supply Board (ESB) - provide daily/hourly 
hydrometric information for each of the hydro 
schemes managed by ESB. Published in PDF format –
we read the flow from PDF

Flows are then fixed for a duration of the forecast and 
updated next day. Total LTA discharge from 

Irish rivers = 806.9 m3/s

Improved freshwater inputs
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https://waterlevel.ie/
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Corrib

Clarin

Dunkellin

Kinvarra -
submarine

All inputs are near-real-time from the rating curves.

Freshwater inputs – Galway Bay
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Integrated Ocean - Watersheds
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Integrated Ocean - Watersheds
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Graphical User Interface (GUI) for extracting model outputs
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Standardization of model outputs

iFADO model data served on THREDDS servers:

• provides catalog, metadata, and data access services for scientific data

• THREDDS catalogs are XML documents that list datasets and the data access services available 
for the datasets

• The available remote data access protocols include OPeNDAP, OGC WCS, OGC WMS, and HTTP

This standardization enables ingestion of all iFADO model outputs by iFADO Viewing Platform
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Summary of achievements

❖ Downscaling is important as it provides more detailed products and services with higher accuracy

❖ Downscaled models can be used for “upscaling”, i.e. improving larger scale models accuracy in the coastal zone 
(presentation to follow)

❖ New coastal models have been developed as part of the iFADO project, e.g. Galway Bay, Clew Bay, and Connemara 
wet/dry, Pico-Faial,…

❖ New biogeochemical models were developed, e.g. CROCO-PISCES NE Atl model (developed by MI, Ireland)

❖ Existing models were operationalized, e.g. Lisbon and Sado Estuaries, Madeira, Azores, Galway Bay

❖ Model outputs were standardized. This enables ingestion of all model outputs by iFADO platform

❖ The models provide useful services to local stakeholders (e.g. coastal risks), support Blue Economy, support MSFD 
implementation, OSPAR assessments

❖ A Python-based Graphical User Interface (GUI) tool for computing MSFD from Regional Ocean Model (ROMS) outputs 
was developed
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THANK YOU!

Obrigado!
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