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Outline 

ÅA brief review of the evolving model component(s) of the Integrated Forecasting System (IFS) 

ÅIncreasing complexity of the evolving Earth-System to improve data assimilation and 
predictions at different spatio-temporal scales (diurnal to seasonal)

ÅPerformance and Portability

ÅTowards increasing realism with storm-scale resolving simulations

ÅA first digital twin prototype: a global seasonal simulation with 1.4 km grid-spacing on Summit
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Schematic description of the 
spectral transform method in the 
ECMWF IFS model
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Grid-point space

-semi-Lagrangian advection

-physical parametrizations

-products of terms

Fourier space

Spectral space

-horizontal gradients

-semi-implicit calculations 

-horizontal diffusion

FFT

LT/FLT

Inverse FFT

Inverse LT/FLT

Fourier space

FFT: Fast Fourier Transform,  LT/FLT: Legendre Transform
(Wedi et al, 2013, 2014, 2015)

Eliassen (1970); Orszag, (1970), é Machenhauer, Bourke, Robert, 

Ritchie, Williamson, Swarztrauber, Jarraud, Simmons, Burridge, Hoskins, 

Courtier, Geleyn, Temperton, Hortal, Hamrud, é
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Global spectral methods

Pros Cons

ÅGlobal connectivity and direct access to 

global scales (and spectra)

ÅMultigrid options and direct aliasing control 

(truncation) (see also talk by M. Ujiie)

Å Effective compression of data

Å Efficient direct semi-implicit solvers 

(potentially suitable for time-parallel 

schemes, see talk by M. Schreiber)

Å Large timestep

Å Fast Legendre transform and high floating 

point rates in GPU adaptations

Å Single precision and potential for half 

precision hardware use (see talk by S. 

Hatfield)

Å Easy to implement diffusion or global fixers

Å Use of realistic topography without 

excessively filtering smaller scales

Å Spectral ripples (resulting in spurious time 

mean fields)

Å Best suited for global hydrostatic equations

ÅNon-hydrostatic with steep slopes 

complicate issues with direct solvers (but 

see talks by F. Voitus and P. Termonia)

Å MPI ïparallel communication overhead

Å Energy and strong scaling efficiency (due to 

large data movement every timestep)

Å Formal conservation (often combined with 

semi-Lagrangian requires global fixers)

Å Questionable for fully non-hydrostatic scales 

where dx ~ dz
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Accurate representation of orography

ÅDifferences in orography (and 

associated filters applied) have a 

significant impact on surface 

stresses and circulation patterns 

on weather & climate models.
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Elvidge et al 2019
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ECMWFôs progress in degrees of freedom 

(levels x grid columns x  prognostic variables)

(Schulthess et al, 2019)
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Spectral transform based model at global average 1.4 km grid spacing
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6,599,680 points x 137 levels x 10 vars

at ~9km ~ 9 Billion points or ~100TB/day 

TCo7999 L137

256,800,000 points x 137 levels x 10 variables 

at ~1,4km

352 billion points x 960 pp steps == 

~100TB/simulated month

Summit SIMULATION
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A cubic octahedral grid
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N24 reduced Gaussian grid N24 octahedral Gaussian grid

A further ~20% reduction in gridpoints

=> ~50% less points compared to full grid

(Wedi et al, 2015)



Atlas: a library for NWP and climate modelling
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Deconincket al. 2017



IFS dynamical core options at ECMWF
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|  currently operational |

The Finite-Volume Module of the IFS (IFS-FVM) provides complementary features, e.g. local computational

patterns and predominantly nearest neighbour, non-hydrostatic, complex and steep orography, conservation, 

mesh adaptation. 

Christian Kuehnlein



A ònon-disruptiveò evolutionary approach in dynamical core 
development
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Continue improving 
IFS-ST core algorithms

ÅCubic octahedral grid 
(efficient and more 
scalable)

ÅFast LT algorithm

ÅContinue improving SL 
advection & its TL/AD

Non-intrusive 
introduction of Atlas 
library in IFS

ÅFlexible data structures to 
facilitate future 
developments

ÅCapability to link CPU to 
GPU host 

ÅMathematical operators, 
grid generation & multiple 
grids capability

Code modularity 
to enable 

seamless use of 
heterogenous  
architectures 
(CPU/GPU)

Developing NH FVM on 
same O-grid 
advantageous for 
finest resolutions:

ÅLow communication 
(compact stencil) and 
scalability

ÅSteep slope Mass 
conservation and good 
accuracy

As resolution keeps 
increasing the ñtriple 
crossing pointò is 
reached: 

ÅNH formulation is 
advantageous

ÅFVM more efficient and 
more adaptive via DSL 
than IFS-ST

ÅFVM delivers the same 
quality of forecasts

FVM 
operational

The next 10 years é

Target: Octahedral grid O8000

Atlas mesh generation and flexibility 

through alternative function spaces

DG

Michail Diamantakis
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Performance and portability

Structure and components necessary for the transition of the IFS to separate 

applied science from hardware sensitive code level

M. Lange, O. Marsden, B. Reuter
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ECMWF Scalability Programme
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DIGITAL TWINS



46R1 vs 45R1 and singleversus doubleprecision
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Vana, Duebenet al, 2017
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GPU Spectral transform dwarf

At 2.9km resolution, less 

than 1s per time-step fits

operational needs.

This research used resources of the Oak Ridge Leadership Computing Facility, which is a DOE office of 

Science User Facility supported under contract DE-AC05-00OR22725.

See poster: Andreas Mueller, based on initial work by 

Alan Gray and recently also Wayne Gaudin (NVIDIA)

Choices: PGI, GNU,XL

MPI/OpenMP/OpenACC/cuLibraries
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(Schulthess et al, 2019)

Production run on ~1/5th of Summit at 1.4 km 

Shortfall

1.4 km 2x

1 1.3x

60 2x

No 1.2x

Hydrostatic -

Single -

0.03 SYPD 33x

Full physics -

Includes I/O 206x

shortfall
(2020)
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Cost distribution 
per timestep
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Cray XC40 (9 km)

Piz-Daint H (1.4 km) Piz-Daint NH (1.4 km)

Cray XC40 - oper
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Ensemble of assimilations and forecasts
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- EDA ï50 members

- ENS ï50 members

See Sarah-Jane Lockôs talk



Oper, Tco639L91 Oper, Tco1279L137

Red dot : observed core pressure
Solid black line : OperHRES
Box plot : ensemble distribution

Crosses : observed position
Circle : ensemble mean
Diamonds : OperHRES

Simon Lang



Ocean ïLand ïAtmosphere ïSea ice
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Ocean model - resolution
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1/12° 1/4° 1°

Hewitt et al. (2017) Hallberg (2013)

See talks by S. Danilov, P. Korn, A. Adcroft, J.F. Lemieuxé 



Increased realism in water cycle reservoir representation at 1km
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Increased realism of

Å Land use and land cover (use of ESA-CCI)

Å Coastal areas and lakes (use of GSWE)

Å Snow over orography & catchment hydrology

Å Urban areas

Improved analysis of

Å skin temperature

Å anthropogenic emissions

Resolution Configuration Performance SYPD

9km (HRES

& ERA5Land)

TCo1279 ~ 8

1km (VHRES) TCo7999 ~ 1

VHRES 1 km ïUS snow depth

Ioan Hadade, Gabriele Arduini, Souhail Boussetta, Joey McNorton, Margarita Choulga, Gianpaolo Balsamo, et al.

The Offline Surface Modelling (OSM) increased performance allows to run the surface at 1km at ECMWF

VHRES 1 km ïEurasia snow depth
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ECMWF (1km grid-spacing) 48h global forecast

Forecast aerodynamic roughness near surface

The interface of ocean (waves) and vegetation/snow and the atmosphere
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Island wakes
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Eddy shedding around 
the Canary Islands and 
Madeira

(Strato-)cumulus clouds

Sea surface temperature

Provided by the SeaWiFS Project, NASA/Goddard Space Flight Center , and ORBIMAGE

https://digital.csic.es/bitstream/10261/26947/1/0140.pdf

Forecast aerodynamic roughness in 1.4 km simulations

See talk by A. Roland é 
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A. Agusti-Panareda, G. Balsamo et al

Key aspects for Numerical methods: 

- Horizontal and vertical resolution at the scale of emission sources ( 100m - 1km ) 

- Transport uncertainty and tracer conservation

- Cost of many advected tracers and shape preservation (e.g. monotonicity, positivity, thresholds)
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ERA-Interim

ERA5

Much better representation of Sudden Stratospheric Warming 

events, due to changes in the Semi-Langrangian scheme 

(Diamantakis, 2014)

Improvements to NWP systems: better reanalysis & monitoring

Standard deviation of MW radiances observed vs 

simulated temperature fields of ERA-Interim (blue) and 

ERA5 (red) using satellite channel (noaa15) peaking 

around 5hpa.

T. McNally, A. Simmons

NH winter SSWs

See also Inna Polichtchoukôstalk


