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ECMWF’s progress in degrees of freedom  

(levels x grid columns x  prognostic variables) 

(Schulthess et al, 2019) 



IFS dynamical core options 
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(Kühnlein et al, 2019) 

Dyamond configuration 
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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 

Inverse FFT 

Inverse LT 

Fourier space 

FFT: Fast Fourier Transform,  LT: Legendre Transform 



The IFS model 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, 2014, 2015; Malardel et al, 2015; Deconinck et al, 2017) 

Integrated Forecasting System (IFS) 
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Parametrizations 

• Shallow, (deep) and midlevel convection, bulk mass flux scheme (Tiedke, 1988; Bechtold, 2008, 2014) 

• Single moment cloud microphysics scheme (Tiedke, 1993; Forbes et al, 2011) 

• PBL scheme and coupling to TOFD and dynamics (Beljaars, 1991; 2018) 

• Orographic gravity wave drag and TOFD (Beljaars et al, 2004) 

• Non-orographic drag (Orr et al, 2010) 

• Radiation (10km grid in Dyamond; Hogan et al, 2018) 

• Ocean waves (0.25 degrees ECWAM; Janssen et al, 2018)  
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New prognostic microphysics in the IFS
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Figure 1: Schematic of the IFS cloud scheme: (a) the Tiedtke scheme with three moisture related prog-

nostic variables operational from 1995 to 2010 (before IFS Cy36r4) and (b) the new cloud scheme with

six moisture related prognostic variables (Cy36r4 onwards). Yellow boxes indicate prognostic variables.

processes, including detrainment from convection. However, water and ice clouds are now independent,

addressing many of the issues identified above and allowing a more physically realistic representation of

supercooled liquid water cloud. Rain and snow precipitation are also now able to precipitate with a deter-

mined terminal fall speed and can be advected by the three-dimensional wind. A new multi-dimensional

implicit solver is implemented for the numerical solution of the cloud and precipitation prognostic equa-

tions. Figure 1 shows a schematic to highlight the differences between the new and old parametrization

schemes. This section describes the numerical framework and revised microphysical processes in the

new scheme. Further details of the cloud and precipitation parametrization scheme can be found in Part

4 of the IFS Documentation for Cycle 37r2 (www.ecmwf.int/research/ifsdocs/CY37r2).

2.2 Numerical framework

The new scheme is a multi-species prognostic microphysics scheme, with m = 5 prognostic equations

for water vapour, cloud liquid water, rain, cloud ice and snow. The equation governing each prognostic

cloud variable within the cloud scheme is

¶qx

¶ t
= Sx +

1

r

¶

¶ z
(rVxqx) , (1)

where qx is the specific water content for category x (x = 1 for cloud liquid droplets, x = 2 for rain, and

so on), Sx is the net source or sink of qx through microphysical processes, and the last term represents

the sedimentation of qx with fall speed Vx.

The solution to this set of equations uses the upstream approach. Writing the advection term in mass flux

form, collecting all fast processes (relative to a GCM timestep) into an implicit term (B) and leaving the

rest in an explicit term (⃗A), gives
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for timestep n. The subscript “k− 1” refers to a term calculated at the model level above the present level

k for which all other terms are being calculated. The matrix B (with terms Bxx, Bxy, Byx) represents all
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Orography representation 

• Differences 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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Global 1.45km spectra: Mid-Troposphere 500hPa 
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with 9km orography with 1.45km orography 

Impact of parametrizations + orography,  (Malardel + Wedi, JGR 2016)  



The tiling concept for land surface coupling 

HTESSEL (Hydrology -Tiled ECMWF 

Scheme for Surface Exchanges over Land)   

The tile scheme allows for a simple representation of surface 

heterogeneity over land and for fractional sea ice over the ocean   

Lowest  

model level 

Skin   

level 

FLAKE (Fresh water 

Lake scheme)  
NEMO (Nucleus for European 

Modelling of the Ocean) + 

WAM (Wave Model) 

Lake 
Open ocean Sea Ice 

“Bulk” 

G. Balsamo, S. Boussetta,  

G. Arduini, M. Choulga , A. Beljaars,  

… 
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Typical near surface diurnal cycle structure of temperature profiles 

skT

Temperature of 

deep soil, snow, 

ice, or bulk SST  

Tsk: Radiation intercepting/emitting level,  

e.g. SST, ice surface , vegetation canopy, litter 

layer on top of bare soil, top of snow layer, or 

combination of these in a heterogeneous 

configuration 

𝐻 𝐻 𝐻 𝐻 𝑳𝑬 𝑸𝒏 

𝑮 

Surface energy balance:  

Qn + H + LE = G 

Qn  :   Net radiation (solar + thermal) 

H    :   Sensible heat flux 

LE  :   Latent heat flux 

G    :   Heat flux into the surface 

Adi (K) 
Diurnal cycle 

amplitude  of Tsk  

Dsurf (cm) 
Surface penetration 

depth  of diurnal cycle 

Land  10 -30  10 

Snow 0 - 10   5 

Ice 0 -10   10 

Open ocean 0 - 2  100 

Adi 

Stable Unstable 

Dsurf 

Typical numbers 

Anton Beljaars 



Vertical surface fluxes 
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friction velocity2 (correlated with momentum flux) 

latent heat flux 

sensible heat flux 

Lowest model level  

or 10m wind speed 

Roughness lengths 



Improved surface boundary layer description  

… wind gust details at 1.45km  Wind gusts at 1.45 km 

 

 

 

 

 

 

 

 

 

 

Wind gust at 9 km 
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Global simulations at 1.45 km resolution 

• We perform uncoupled (no ocean, no wave model) simulations with IFS. 

• Weather simulations at full complexity including recent date initial conditions, real-world 

topography, state-of-the-art physical parametrizations and diabatic forcing including shallow 

convection, turbulent diffusion, radiation and five categories for the water substance (vapour, liquid, 

rain, ice, snow) 

• Simulations with 62 and 137 vertical levels 

• Simulations with hydrostatic and non-hydrostatic equations 
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Energy spectra 

Run 1: H, 120s, 0PC; Run 2: NH, 120s, 1PC; Run 3: H, 30s, 2PC; Run 4: NH, 30s, 2PC 

• The spectra @1.45 km are reasonable and show clear improvements compared to a simulations at 9 km. 

• Effective resolutions is between 5 and 10 km. 
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IFS vertical velocity 
spectra 500hPa  
at 1.45 km H vs NH 

15 EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 

T+48h 



EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS October 29, 2014 

Vertical velocity [m/s] 
Run 1: H, 120s, 0PC; Run 2: NH, 120s, 1PC; Run 3: H, 30s, 2PC; Run 4: NH, 30s, 2PC 

• Run 1 shows the 

smallest area with 

strong convection 

• Run 1 and 2 are 

similar 

• Run 3 and 4 are 

similar  

-> small differences 

between H and NH 

-> large differences as 

Function of time step 

choice 

East Africa 

 

 

 

 

South America 

 

 

 

 

 

Indonesia 
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PDFs of vertical velocity – Impact of resolution 

• Please note the logarithm on the y-axis. 

• Distributions are symmetric if deep convection is parametrised. 

• There are stronger upward velocities if convection is represented explicitly. 

• Extreme velocities increase as resolution is increasing. 

  850 hPa               850 hPa        400 hPa 
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IFS vs FV3 kinetic energy spectra sfc 
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IFS-4km 

IFS-9km FV3-3km 

T+48h 
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IFS vs FV3 kinetic energy spectra 200hPa 
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FV3-3km 

IFS-4km 

IFS-9km 

T+48h 

Same initial conditions 

Dyamond 
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Stratosphere 
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Inna Polichtchouk 
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Stratosphere 
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Inna Polichtchouk 



17% 

25% 

31% 

14% 

11% 

GP_DYNAMICS SI_SOLVER SP_TRANSFORMS PHYSICS+RAD WAVEMODEL OCEANMODEL

coupled TCo1279 L137 (~9km operational) run 

Where do we spent the time ? 
Where do we spend the time (& energy) ? Cycle 45r1 operations 

Single electrical group: 

~52 minutes wallclock time 

(single electrical group==384 nodes) 

1408 MPI tasks x 18 threads 

290 FC/day 

Careful scalability analysis 

 of all ESM components! 
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IFS-FVM (finite-volume) comparison to hydrostatic IFS-ST: moist-
precipitating dynamics and coupling to IFS physics parametrisations 
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precipitation rate (mm/h) at day 15 

Area-averaged precipitation rate with simulation time 

surface pressure  (hPa) at day 15 

(Kühnlein et al, 2019) 
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Data processing of Dyamond data 

• Cdo tools (handling also gptosp and sptogp ?) 

• Data size 

– Grib 16 bit per value storage; spectral data complex packing 

• 9km: 6.599.680 points 

• 4km: 26.306.560 points 

• 1.45km: 256.800.000 points 
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Additional slides 


