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Pre-operational assimilation in ICON-2I model

ICON-2I analysis pre-operational since 23/11.

Model:
ICON 2.6.5.1 at 2.2 km horizontal resolution

KENDA implementation:
• 24 members + deterministic run (will be 40+1)
• 1h assimilation cycles, employing IAU with a

10 minutes window
• RTPS
• Assimilation up to 200 hPa
• Control vector: pf t q u v qcl.

Assimilated observations:

• AIREP, TEMP, SYNOP (wind and surface pressure) through KENDA
• radar estimated precipitation via LHN using the composite of all radars



Experiments:

● ICON-2I: set-up described in the previous slide

● COSMO-2I: operational configuration, employing:

○ 36 members + 1 deterministic run

○ assimilation of conventional observations, radar estimated precipitation via LHN and
radar volumes of reflectivity and radial winds.

Evaluation period:

● aug2022: from 01/08 to 22/08, few convective events;

● may2023: from 29/04 to 18/05, several mainly stratiform events, including Emilia-
Romagna floods.

A 21h deterministic forecast is initialized from analysis at 00 UTC for each experiment (in total
21 forecasts in aug2022, 19 in may2023).
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Comparison with COSMO-2I 
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Forecast precipitation (FSS): aug2022

thr = 0.1 mm thr = 1.0 mm
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Forecast precipitation (FSS): aug2022

thr = 3.0 mm thr = 5.0 mm
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Forecast precipitation (FSS): may2023

thr = 0.1 mm thr = 1.0 mm
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Forecast precipitation (FSS): may2023

thr = 3.0 mm thr = 5.0 mm
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Upper-air variables: RMSE

Temperature Relative humidity Wind speed

Plot difference: RMSE(COSMO-2I) - RMSE(ICON-2I).

PosiƟve values (green) → ICON-2I better than COSMO-2I

Scores calculated using forecast of both aug2022 and may2023
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Upper-air variables: bias of temperature

COSMO-2I ICON-2I
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Upper-air variables: bias of relative humidity

COSMO-2I ICON-2I
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Upper-air variables: bias of wind speed

COSMO-2I ICON-2I
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Near-surface variables: RMSE
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Near-surface variables: bias



Experiments:
● conv+LHN: current pre-operational set-up
● conv+LHN+radvol: as conv+LHN but assimilating also radar volumes of riflectivity and

radial winds. For radar volumes, same set-up of COSMO-2I
○ For each radar: superobbing at 10 km and only the volume closest to analysis time is

assimilated.
○ For reflectivities: observation error of 10 dBZ for all data and a 5 dBZ threshold on reflectivities;
○ For radial winds: observation error decreasing from 25 m/s for reflectivities lower than 0 dBZ to

2.5 m/s for reflectivities greater than 10 dBZ
○ Control vector: pf t q u v qcl qci qr qs qg

● conv+radvol: as conv+LHN+radvol but without LHN.

Evaluation period:

● aug2022: from 01/08 to 22/08;

● may2023: from 29/04 to 18/05.
A 21h deterministic forecast is initialized from analysis and first guess of the deterministic member
every 3h (in total 160 forecasts for aug2022 and 153 for may2023). 14

Assimilation of radar volumes
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Forecast precipitation (FSS): aug2022

thr = 0.1 mm thr = 1.0 mm
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Forecast precipitation (FSS): aug2022

thr = 3.0 mm thr = 5.0 mm
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Forecast precipitation (FSS): may2023

thr = 0.1 mm thr = 1.0 mm
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Forecast precipitation (FSS): may2023

thr = 3.0 mm thr = 5.0 mm
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Upper-air temperature: RMSE

RMSE(conv+LHN) - RMSE(conv+LHN+radvol)

Positive values (green): conv+LHN+radvol
better than conv+LHN

RMSE(conv+LHN) - RMSE(conv+radvol)

Positive values (green): conv+radvol
better than conv+LHN
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Upper-air temperature: bias

conv+LHN conv+LHN+radvol conv+radvol



21

Upper-air wind speed: RMSE

RMSE(conv+LHN) - RMSE(conv+LHN+radvol)

Positive values (green): conv+LHN+radvol
better than conv+LHN

RMSE(conv+LHN) - RMSE(conv+radvol)

Positive values (green): conv+radvol
better than conv+LHN
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Upper-air wind speed: bias

conv+LHN conv+LHN+radvol conv+radvol
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Upper-air relative humidity: RMSE

RMSE(conv+LHN) - RMSE(conv+LHN+radvol)

Positive values (green): conv+LHN+radvol
better than conv+LHN

RMSE(conv+LHN) - RMSE(conv+radvol)

Positive values (green): conv+radvol
better than conv+LHN
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Upper-air wind speed: bias

conv+LHN conv+LHN+radvol conv+radvol
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Near-surface variables: RMSE
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Near-surface variables: bias



ICON-2I is pre-operational since November 2023. Its scores are much better than those of
COSMO-2I for upper-air and near-surface variables, similar or slightly better in terms of
precipitation.

Assimilation of radar volumes:

● Overall, it improves forecast accuracy.

● Best results in terms of precipitation are obtained for conv+LHN+radvol while
conv+radvol has the best scores for upper-air variables

The configuration conv+LHN+radvol will be operational in April.

Provocative question: is the LHN still so necessary? Or, are we exploiting all the potential
of LHN?
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Conclusions



Thank you for your attention!
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Monitoring of operational KENDA system
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