University of Leicester
Mathematics GTA Studentship Project 
	First Supervisor
	Dr Marco Fasondini

	School/Department
	Computing and Mathematical Sciences

	Email 
	m.fasondini@leicester.ac.uk
	Telephone Ext
	N/A



	Second Supervisor
	Prof. Paul Ledger

	School/Department
	Computing and Mathematical Sciences

	Email 
	pdl11@leicester.ac.uk
	Telephone Ext
	N/A



	Additional Supervisor
	Dr Sheehan Olver, Imperial College London, 



Section 2 – Project Information
	Project Title

	A sparse spectral element method on the sphere for numerical weather prediction

	Project Highlights:
	1.
	The development of the first algorithms to compute vector orthogonal polynomials on subsets of the sphere with optimal complexity

	
	2.
	Combining multiple subsets of the sphere to design a novel spectral element method on the whole sphere

	
	3.
	The application of this method to numerical weather prediction, allowing much higher-resolution simulations than was possible before

	Project Summary

	Spectral methods are used to approximate the solutions to differential equations.  Typically, this is done by expansions in orthogonal basis functions on the entire domain of the problem, or on multiple subdomains in a spectral element method.

In recent years, spectral methods have been devised that result in sparse and well-conditioned linear systems that can be solved with optimal complexity algorithms.  Furthermore, these sparse spectral methods have been extended from intervals to certain regions in 2D and 3D, for example triangles, balls, cones, disks, disk slices, trapeziums and spherical caps.  

The spectral method used by the European Centre for Medium-range Weather Forecasts (ECMWF) uses spherical harmonics (SHs) and vector spherical harmonics (VSHs) as basis functions.  The SHs are scalar orthogonal polynomials (OPs) and the VSHs are vector-valued OPs defined on the whole sphere.  Since the basis functions are global, the transforms that are required to numerically solve partial differential equations (PDEs) on the sphere can become prohibitively expensive as the degrees of the SHs and VSHs are increased.

The aim of this project is to overcome the parallel scalability bottleneck of this global spectral method by constructing and implementing a sparse spectral element method in which PDEs on the whole sphere are solved by using high-degree scalar and vector-valued OPs on subsets of the sphere such as spherical caps, bands, rectangles and triangles.  Since local instead of global basis functions are used, the transforms can be computed much more efficiently.  This will allow the use of much higher degree basis functions and therefore higher-resolution simulations of PDEs on the sphere, enabling better resolution of features such as turbulence, with applications not only in numerical weather prediction, but also in astrophysics and geophysics.     
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