
Towards exascale computing for 

numerical weather prediction - Abstracts 

 

1) Perspectives and challenges of exascale NWP 

Nils P. Wedi (ECMWF) 

Using the 40-year history of ECMWF's Integrated Forecasting System (IFS) as an example, the 
lecture is an introduction to the development and current state-of-the-art of global numerical 
weather prediction (NWP), as well as to the challenges faced in the future. It is intended to 
provide an overview and context for the algorithmic and technological developments covered 
in more detail during the summer school. The first part will start with some examples of 
meteorological phenomena and associated forecasting challenges, leading in part two 
towards mapping these in a series of technological challenges onto the emerging and diverse 
high-performance computing (HPC) architectures. 

 

 

2) Introduction to parallel programming with MPI and 
OpenACC 

Italo Epicoco (CMCC) 

The lecture proposes a basic introduction to the parallel programming paradigms addressing 
the distributed memory approach, through the Message Passing Interface (MPI), and the 
shared memory approach with OpenACC that allows the use of compiler directives and 
supports the execution on heterogeneous parallel architectures. The lecture will also provide 
an overview of the evaluation of the parallel efficiency and scalability. During the hands-on 
session, the students will be guided in the implementation of a simple example of parallel 
code. 

 
 

 

 



 

 

3) Spectral transform methods for NWP 

Andreas Müller (ECMWF) 

Many global atmospheric models are based on the spectral transform method with spherical 
harmonics. Transforming the fields from physical space to spectral space converts spatial 
derivatives into algebraic expressions. This makes the spectral transform method a very 
efficient approach for solving differential equations. One of the atmospheric models based 
on the spectral transform method with spherical harmonics is the Integrated Forecasting 
System (IFS). IFS is used very successfully by the European Centre for Medium-range Weather 
Forecasts (ECMWF) for operational weather prediction. This lecture explains together with 
the hands-on exercises the basic idea behind the spectral transform method, presents the 
issue of aliasing and different approaches to solve it and discusses the performance of the 
spectral transform and how it compares to other commonly used numerical methods used 
for weather prediction. 

 

 

4) Uncertainty quantification for NWP 

Rudy Chocat (CEA) 

Verification, Validation and Uncertainty Quantification (VVUQ) is a common topic for all fields 
based on the simulation to model phenomenon such as Numerical Weather Prediction (NWP). 
This lecture will define each term based on the open-source URANIE platform, initially 
designed for UQ, adapted for verification, which focuses on numerical aspects, and validation, 
which compares the reality with the model. Different modules of the URANIE platform will be 
introduced: 

- The sampler to generate a design of experiments; 

- The modeler to build a surrogate model; 

- The sensitivity to quantify the impact of inputs; 

- The calibration to identify the tuned parameters according to experiments. 

 

 

 



5) Finite volume methods and linear solvers for NWP 

Tommaso Benacchio (Politecnico di Milano) 

Finite volume methods are used worldwide for operational weather and climate prediction. 

The lecture will cover the basics of finite volume methods, starting from the one-dimensional 

scalar case, then moving on to the discretization of the three-dimensional compressible fluid 

flow equations in conservation form using the next-generation Finite Volume Module (FVM) 

of the ECMWF Integrated Forecast System as an example. The second part of the lecture will 

discuss iterative methods for the solution of linear systems as found in semi-implicit time 

discretization used in FVM. In the interactive practical session, we will study the accuracy and 

performance of an iterative solver with different parameter values (solver tolerance, 

horizontal and vertical resolution, orography height) in a simplified setting. 

 

6) Introduction to profiling tools and performance 
analysis 

Mario Acosta (Barcelona Supercomputing Center) 

Most applications targeting exascale machines require some degree of rewriting to expose 
more parallelism, and many face severe strong-scaling challenges if they are effectively to 
progress to exascale, as it is demanded by their science goals. The community needs different 
approaches to figure out how to increase the computational performance of the climate and 
weather models and how to adapt them for the new generation of supercomputers, when 
the increase of computer power will be mandatory to reduce the uncertainties of climate 
simulations and the massive paralellization could be a problem in terms of exploiting the 
computational efficiency adequately. 

 

7) Managing workload on clusters - SLURM 

Paul Karlshöfer (Atos) 

Modern supercomputers have to deal with a very diverse workload from a multitude of user 
communities. To ensure that jobs are distributed efficiently across the machine, and that 
execution order is fair, workload managers handle the scheduling on most large-scale 
machines. SLURM, being the most popular in Europe, is a prominent example. In this 
lecture, students will get to know the general architecture and topology of supercomputers, 
as well as the main features of SLURM. We will also discuss some common pitfalls and best 
practices to use the available resources most efficiently.  

 



 

8) The dusk & dawn Toolchain for unstructured 
Weather and Climate Codes on the Extreme Scale 

Matthias Röthlin and Christoph Müller (MeteoSwiss) 

How to write climate and weather codes that guarantee portability, performance and 

(developer) productivity at the same time is still an open question. Our lecture will propose 

the approach of Domain Specific Languages (DSLs) as a possible solution. It will be explained 

how DSLs can truly decouple model developer concerns from performance and parallelization 

matters by virtue of special purpose compilers. We will use the dusk & dawn toolchain as a 

worked example to illustrate the learnings. The toolchain has reached maturity for Finite 

Difference Codes and is being enhanced to also accept Finite Volume computations on 

icosahedral triangle meshes at MeteoSwiss. An exercise will be proposed, starting with some 

simple "hello world" code in dusk and proceeding to implement FVM differential operators 

(gradient, curl, divergence). 

 

9) Discontinuous Galerkin methods for NWP 

Giovanni Tumolo (ECMWF) 

In this lecture discontinuous Galerkin (DG) methods for numerical weather prediction (NWP) 

will be described. Both strengths and limitations of such methods applied to atmospheric 

modeling will be discussed and possible ways to improve their efficiency reviewed. A 

particular strategy based on combining a high order DG discretization with p-adaptivity 

techniques and efficient semi-Lagrangian and semi-implicit time integrators will be presented 

in the context of simplified NWP model equations. An outlook towards the parallel 

implementation of such numerical formulation in the case of a dynamical core prototype will 

also be discussed. 

 

 


