
ICON news – 12 months

deterministic 24h vs. obs ensemble 7d vs. ana

T850hPa scores WMO

Günther Zängl, Martin Köhler
Deutscher Wetterdienst DWD



2022-10-12: sub-grid latent heating

Latent heating related to changes 
in sub-grid cloud-cover is passed to 
dynamics.

Impacts:
• Global ICON: Small because 

parameterized deep convection.

• ICON-D2: Reducing tendency to 
initiate convection too sparsely and 
too late in situations of weak 
synoptic-scale forcing. Small
improvement of precipitation 
forecasts. 
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2022-11-23:  resolution update

• 120/74 levels (global/EU)
• 13/26 km ensemble (global/EU)
• MERIT+REMA orography

• adaptive surface friction
• LPI lightning index (global/EU)

Surface CRPS scores (July-Oct 2022) TEMP CRPS scores (July-Oct 2022)



2023-03-15:  EIS stratus, adapting parameter tuning

• Estimated Inversion Strength (EIS) to turn off 
shallow convection

• artificial turbulence tuning in Tropics removed 
(vert. smoothing TKE source terms)

• reduced ocean roughness for winds >25m/s 
(Charnock parameterisation, stronger TCs)

• adaptive parameter tuning based upon data 
assimilation (DA) increments extended to the 
near-surface profile function of the minimum 
vertical diffusion coefficient for heat.  (paper 
Günther Zängl)

• density of snow wind-speed dependent

• gust parameterisation: limit of SSO blocking 
correction

• extension of FF10M assimilation to Russia
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2023-03-15:  visible SEVIRI in ICON-D2

data assimilation of 0.6μm visible SEVIRI channel 
(Lilo Bach, Annika Schomburg) 

• first time satellite data in ICON-D2 data assimilation
• first time cloud data in ICON data assimilation
• first time visible data in DA in any NWP center world-wide
• forward operator MFASIS (HErZ-Munich) used
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2023-05-03:  MODE-S in global DA system

High-density MODE-S aircraft data of temperature and wind over Europe.
(Alexander Cress, Harald Anlauf, Christoph Schraff)

ICON global
2023/03/17 to 2023/04/25

ICON-D2
2023/03/23 to 2023/04/25



2023-09-06:  ICON-D2 ensemble perturb. in first-guess

• Temporal variation by sinusoidal function with a period of about 2 weeks. This will 
avoid larger steps within parameter values between consecutive first guess runs of 
the assimilation cycles. 

• Values in uncertainty range. 
• Larger amplitudes of perturbations. 

ICON-D2 EPS  vs.  AIREP   (CRPS)
40 days



ICON seamless from 100m to 100km

75-600m (LES) 
TOA-LW, North of Australia, TWP-ICE 

2500m (GSRM) 
TOA-SW, South of Australia, SOCRATES 

160km (GCM) 
sea-ice fraction, Antarctica



Climate simulation at 1-5km resolution

DYAMOND data management was provided by the German Climate Computing Center (DKRZ) and supported 
through the projects ESiWACE and ESiWACE2. The projects ESiWACE and ESiWACE2 have received funding from the 
European Union’s Horizon 2020 research and innovation programme under grant agreements No 675191 and 
823988. This work used resources of the Deutsches Klimarechenzentrum (DKRZ) granted by its Scientific Steering 
Committee (WLA) under project IDs bk1040 and bb1153.

THE INITIATIVE

DYAMOND (DYnamics of the Atmospheric general circulation Modeled On 

Non-hydrostatic Domains) is the first initiative for a model intercomparison of 

global storm resolving (km-scale) climate simulations. Through their explicit 

resolution of the major modes of atmospheric heat transport, they endeavor 

to represent the most important scales of the full three-dimensional fluid 

dynamics of the atmospheric circulation. 

Two main questions:
1) Where do the storm-resolving simulations agree and provide deeper 

insights into the climate system?
2) How sensitive are the simulations to a particular implementation?
3) What are performance and analysis bottlenecks associated with global 

storm-resolving models?
Set-up: 

● Global, storm-resolving simulations 
● All run for the same analysis period
● Encompass experimental field studies
● Two phases covering boreal summer and winter period 
● Agile organisation without strict data requirements
● The data is provided at a central point of data access

Coordination: by the Max-Planck-Institute for Meteorology (MPI-M) 
https://mpimet.mpg.de and The Centre of Excellence in Simulation of 
Weather and Climate in Europe (ESiWACE) https://www.esiwace.eu 

DYAMOND Contact
Web:    https://www.esiwace.eu/services/dyamond 
E-Mail: dyamond@esiwace.eu 

STAY TUNED @ www.esiwace.eu
Subscribe to ESiWACE newsletter, follow us on Twitter or 
YouTube, check out ESiWACE@Zenodo, …

THE DYAMOND INITIATIVE

THE WINTER DATA COLLECTION

Analysis Period:  20 Jan 2020 – 1 March 2020

Field Experiment:  EUREC4A tropical field study 
Experiment: atmosphere only (atm) and coupled atmosphere-ocean (coup) if 
possible, see the experiment protocol 

At the moment, completion of the simulations is ongoing and the DYAMOND 
coordination team is checking the data for consistency. Up to now following 
data sets have arrived: 

Additional 3 models have announced their contributions. 

Further Information: at https://www.esiwace.eu/services/dyamond/winter 

HOW TO ACCESS

Both DYAMOND data collections are stored on the tape archive of the 

Deutsches Klimarechenzentrum GmbH (DKRZ). They can be accessed via the 

DYAMOND data library at the DKRZ supercomputer mistral. 

Who can access: any scientist interested in analysing

How to get: write an e-mail to dyamond@esiwace.eu 

Where to analyse: DKRZ serves you with compute time and disk space 

Support for your analysis: 

Within the DYAMOND data library you can find

● Data description and meta data files 
● Example post-processing scripts 

And our webpage https://www.esiwace.eu/services/dyamond provides
● Detailed descriptions of each model and run
● Contacts to model experts 

Also try out our freva frontend http://gems.dkrz.de. 

In addition, ESiWACE is planning to organise a 3rd DYAMOND Hackathon in 
2021. Stay tuned at www.esiwace.eu.

The 3rd PAN-GASS Meeting has organized an analysis competition to 
encourage the use of DYAMOND data https://www.gewexevents.org/..  

THE SUMMER DATA COLLECTION

Analysis Period:  1 Aug 2016 – 10 Sep 2016

Field Experiment:  NAR-VAL2 tropical field study 
Experiment: atmosphere only, see the experiment protocol 

Completion of the simulations had been done until May 2018. 

Further Information: 
Experiment protocol, detailed model description as well as contact persons 
can be found at https://www.esiwace.eu/services/dyamond/summer 

Publications: 
● B. Stevens, M. Satoh et al. Prog Earth Planet Sci 6, 61 (2019). 

https://doi.org/10.1186/s40645-019-0304-z.
● Further studies are published in the Special Edition on the DYAMOND 

initiative, Journal of the Meteorological Society of Japan

Fig.1: Snapshot of the models 
highlighting the structure of 
post-frontal low cloud fields south and 
east of Australia. [Stevens,PEPS,2019]

Fig.2:  Mean precipitation for each of the 
indicated models. Mean precipitation 
from the GSMaP project is provided as a 
reference. [Stevens,PEPS,2019]
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Fig.3: First snapshot of mean precipitation for each of the indicated models. 
Mean precipitation from the GSMaP-7 data set provided as a reference.

Julia Duras1, Florian Ziemen1, Daniel Klocke2 

1Deutsches Klimarechenzentrum GmbH (DKRZ), Germany  2Max-Planck-Institute for Meteorology (MPI-M), Germany

precip reference: GSMaP-7                                        Duras, Ziemen, Klocke EGU2021

Earth Virtualisation Engines (EVE)
• Berlin meeting July 2023 (140 part.)
• 3-5 centers (each 300M€/year)
• km-scale modeling
• machine learning



relative differences [%] to operational configuration (13/6.5 km)
verification against IFS analyses (January 2021)

Sensitivity to horizontal resolution
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Analysis verification, tropics, 200 hPa
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Alpine domain:   10m wind 2 km   1 km    500 m

wind direction wind speed

Clear improvement in winter due to better 
resolution of the orography

Positive bias during daytime in summer 
that increases with increasing resolution

winter (January) summer (June) 

wind direction wind speed



EPS resolution increase 26km vs 40km and L120 vs L90
green: 

26km is better
change in CRPSF [%]

Winter 2020/21
80 days

wind direction
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SOCRATES region 20180217

default ICON (6UTC)
cloud cover

CERES on VIIRS (4UTC)
true color

Himawary  
cloud top temperature



Estimated Inversion Strength (EIS)

A new Estimated Inversion Strength (EIS) based on the moist-air entropy.

by Pascal Marquet1 and Peter Bechtold2

1
Météo-France. CNRM/GMAP. Toulouse. France. E-mail: pascal.marquet@meteo.fr

2
European Centre for Medium-Range Weather Forecasts (ECMWF), Reading, UKBologna, Italy.

1) Motivations - Introduction.

Distinguishing between cumulus and well-

mixed stratocumulus is an important com-

ponent of the IFS boundary-layer scheme

(https://www.ecmwf.int/en/elibrary/

18714-part-iv-physical-processes.

Klein and Hartmann (1993) showed empirically that

the stratus cloud cover increases with the “Lower

Tropospheric Stability” of the atmosphere defined as

LTS= ✓700hPa � ✓surf (namely the di↵erence in dry

potential temperature ✓ = T (p0/p)0.2857 between the

level 700 hPa and the surface, where p = 1000 hPa).

Figure 1: The same Fig.1 of WB06 with coloured boxes.

Wood and Bretherton (2006, WB06) defined a re-

vised formulation of the inversion strength called the

“Estimated Inversion Strength” (EIS) that is a bet-

ter predictor for the stratus cloud cover than the LTS.

If a cloud is detected in an unstable boundary layer,

a threshold value of about 7 K is adopted for distin-

guishing whether it is a stratocumulus (EIS > 7) or a

shallow cumulus (EIS < 7).

The definition EIS = LTS � �
850
m (z700 � LCL) de-

pends both on the mean vertical lapse rate �
850
m (com-

puted at 850 hPa) and the di↵erence in the height of

the 700 hPa and Lifting Condensation levels. It is

clearly shown in Fig. 1 that EIS<LTS.

Figs. 2 shows the large impact of the thresholds

EIS > 8 or EIS > 10 in the IFS on the mean model

bias of the net shortwave radiation at the top of the

Figure 2: The impact of the threshold for EIS on the bias of

net short-wave for IFS forecasts compared to the CERES-EBAF

climatology. Thresholds: EIS> 8 (top) and EIS> 10 (bottom)

atmosphere compared to observations by changing the

low cloud cover and the optical thickness.

However, the definition of EIS is complex (it depends

on the saturation conditions via �
850
m ) and non-linear

(product of “�
850
m ” with “z700�LCL”) and is likely not

suitable for more stable boundary-layer conditions over

land. Therefore we evaluated the application of the

moist-air entropy variable defined in Marquet (2011,

M11).

2) Use of the moist-air entropy MSE.

The specific absolute moist-air entropy (s) is defined in

M11 in terms of an entropy potential temperature ✓s so
that s = s0+cpd ln(✓s), where s0 ⇡ 1139 kJ/K/kg and

cpd ⇡ 1004.7 kJ/kg are two constant terms. In order

to get a quantity more linear than ✓s, it is possible to

use as a proxi the “moist entropy static energy” Sm

defined by Eq.73 of M11, but generalized to the ice-

liquid conditions, to give

Sm = cpd (1 + 5.87 qt) T � Lv ql � Ls qi + g z , (1)

where z is the height (in m), g ⇡ 9.80665 m/s
2
the

acceleration of gravity, Lv and Ls the latent heats of

LTS: Klein, Hartmann (1993)
EIS: Wood, Bretherton (2006)
EISnew: Marquet, Bechtold (2020)
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2) Use of the moist-air entropy MSE.

The specific absolute moist-air entropy (s) is defined in

M11 in terms of an entropy potential temperature ✓s so
that s = s0+cpd ln(✓s), where s0 ⇡ 1139 kJ/K/kg and

cpd ⇡ 1004.7 kJ/kg are two constant terms. In order

to get a quantity more linear than ✓s, it is possible to

use as a proxi the “moist entropy static energy” Sm

defined by Eq.73 of M11, but generalized to the ice-

liquid conditions, to give

Sm = cpd (1 + 5.87 qt) T � Lv ql � Ls qi + g z , (1)

where z is the height (in m), g ⇡ 9.80665 m/s
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the

acceleration of gravity, Lv and Ls the latent heats of

vaporization and sublimation, and qt = qv + ql + qi,
qv, ql and qi are the total water, water vapour, liquid

water and ice specific contents, respectively. The new

large coe�cient 5.87 is the key parameter that allow

✓s or Sm to represent the absolute entropy.

Figure 3: Plots of vertical profiles of S = Sm/cpd (K) for the

first ASTEX Lagrangian experiment (see the main text).

Vertical soundings of the first ASTEX Lagrangian

experiment (Bretherton and Pincus, 1995, de Roode

and Duynkerke, 1997) have been used in Fig. 3 to

compute the profiles of S = Sm/cpd for stratocu-

mulus boundary-layers (left, in blue) and for cumu-

lus boundary-layers (right, in black). The red pro-

files correspond to the transition between the regimes.

(see: http://www.atmos.washington.edu/~breth/

astex/lagr/README.hourly.html)

An interesting feature depicted by the solid arrows

(and the dashed ones between the surface to the level

950 hPa) is that the transition from stratocumulus to-

ward cumulus regimes occurs for constant values of Sm

in the vertical from the surface to about 850 hPa, in-

cluding across the top-PBL entrainment region. These

results were already shown in M11, where a CTEI cri-

terion was built with the simple hypothesis @✓s/@z ⇡ 0

corresponding to @Sm/@z ⇡ 0 at the top of the PBL.

A new EIS index is then defined as follow:

EISnew = Max (S700 � S950 ; S950 � Ssurf) . (2)

The respective two moist entropy di↵erences intend

to reflect: i) the typical boundary-layer structures

over water, with cloud base typically around 950 hPa;

and ii) also more shallow boundary-layers over land in

higher latitudes or during transitions.

Figs. 4 show the old (top) and new (bottom) EIS

index computed for a run of the operational IFS

model. The present criteria EIS > 8 for delimiting

strong stable stratocumulus is replaced by the new

one EISnew > 6, with cumulus regimes delimited by

Figure 4: Old (top) and new (bottom) EIS computed with IFS.

EISnew < 1. The new formulation more clearly delim-

its the boundary-layer transitions in the subtropical

anticyclones, exhibits finer and more marked filaments

and shows a clear distinction between nighttime and

daytime boundary-layer stability over land..

3) Conclusions.

It is shown in this note that it is possible to use the

proxi S = Sm/cpd of the moist-air entropy s(✓s) to

build a new EIS index based on the hypothesis of a

transition between stratocumulus and cumulus regimes

occurring for zero (or small) vertical changes of S, Sm

and s(✓s).

The new EIS index is simpler and more linear than

the one derived in WS08 and is planned for introduc-

tion in IFS cycle 48r1 (2020) in the context of a larger

moist physics upgrade.
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Bias in Southern Ocean: ICON in SOCRATES region 20180217  6UTC
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• resolution update
• 120 levels
• 26km ensemble
• MERIT orography

• stratus improvement 
• EIS as shallow convection switch

• MODE-S aircraft data
• visible SEVIRI in ICON-D2
• physics perturbation in ICON-D2 first guess


