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Abstract—This article describes the development of a 

highly detailed model of the Earth, based on the 

TELEMAC system, applied to modelling various 

physical processes including tides, storms, tsunamis and 

waves. Comparisons against known global datasets 

demonstrate the capability of the TELEMAC system to 

bridge the gap between environmental hydraulics and 

oceanography. Preliminary results in forecasting internal 

tides and 3D ocean currents are also presented. 

I. INTRODUCTION 

A. Mind the gap 

Numerical modelling for environmental hydraulics 
studies, whether for research or consultancy, has been 
historically focused on inland and coastal areas. It has been 
financed over decades by human activities as water affects, is 
sourced and is somewhat tamed by growing populations. 
Consequently, advanced solvers have been developed to 
provide scientists and engineers with flexible unstructured 
meshes fitting manmade or natural waterlines, interaction of 
physical processes such as hydrodynamics, waves, or 
sediment processes, as well as advanced mathematics and 
parallelised domain decompositions to greatly speed up 
computation for ever more detailed simulations. The 
TELEMAC system is one of those flexible, industry-driven, 
solvers that choose to open up its source code to further 
benefit from research and development carried out by 
growing communities of users worldwide. 

Contrarily, numerical modelling for the oceans has 
mainly been restricted to the research arena, and is mainly 
used to represent decades or centuries of evolution mostly in 
the context of climate changes. While their global resolution 
and the complexity of their underlying density driven 
physical processes has increased with computer power to 
include coupling with atmospheric models, for instance, 
these developments have steered investments away from the 
underlying solvers: ocean models remain few in number, 
based on regular grid and legacy codes, with perhaps simpler 
mathematics compared to their shallow water counterparts. 

With the rising costs of sourcing raw material such as oil, 
gas, bio-chemical compounds, human activities are gradually 
linking the shores to much deeper waters. It has, therefore, 
become essential for scientists and engineers to bridge the 
gap between environmental hydraulics and oceanography.  

B. Objectives 

In order to anticipate and meet the needs of its 
consultancy activities, it was essential for HR Wallingford to 
bridge the gap between environmental hydraulics and 
oceanography. The first of two objectives of the work 
presented here is to deliver the most comprehensive and 
detailed global modelling resources yet to support all sorts of 
shallow- and deep-water environmental hydraulics studies, 
providing hind-casts and forecasts at local, national or global 
scales. 

The solution identified was to start a phased internal 
research project to demonstrate the capability of the 
TELEMAC system to model all physical processes present in 
these waters, whether independently or combined, and to 
develop a world leading global modelling resource: The 
Earth by TELEMAC. 

The first four phases of the project were: 

Phase 1. Model setup and preliminary testing: Finding the 

most efficient way to build a model of the Earth’s waters 
and testing the capability of the TELEMAC system to 

run simulations over the entire globe. The existing 

functionality of TELEMAC-2D in modelling the 

propagation of Tsunami waves from source was selected 

for testing purposes. 

Phase 2. Modelling global tides and comparative validation: 

Preliminary modelling of tides around the Earth based 

on the existing functionality of TELEMAC-2D to 

compute gravitational forces, which are accurately 

known. Resulting prediction of free surface elevations 

were compared against known global tidal datasets. 

Phase 3. Modelling storms through atmospheric parameters: 

As a trivial application of the TELEMAC-2D 

component, temporally and spatially varying winds and 

pressure fields were derived for major known storms 

(large cyclones, typhoons and hurricanes) and used to 

predict surges. 

Phase 4. Modelling waves driven by atmospheric datasets: 

As a trivial application of the TOMAWAC component, 

the model was driven by temporally and spatially 

varying, high resolution, wind data to compute waves 

propagation and transformation around the globe. 
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