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1 Introduction

The transition of the COSMO model to ICON-LAM (ICOsahedral Nonhydrostatic-Local
MOdel) is a new task for the forecasters who are asked to issue everyday forecasts and take
decisions about warnings of extreme events. Apart from the operational verification proce-
dures, the forecasters, who receive on a daily basis the outputs of COSMO and ICON models,
gain subjective experience of the model performance according to the forecast outcome. The
model performance can vary with different synoptic conditions, seasons and regions. By
constant monitoring, model deficiencies may be detected. Therefore, the forecasters’ feed-
back can play an important role in model improvement. In addition to that, forecasters may
have some specific needs in terms of model outputs that can be useful for specific types of
forecasts such as TAF and sea route forecasts. To this aim, a survey was distributed twice
a year for the period September 2022 to August 2023 to seven national services listed in the
Table below. Note that German National Weather Service (DWD) although using all the
ICON chain is not participating. The forecasters, according to the questions of the survey,
after monitoring the models performance, answered the survey at the end of each evaluation
period after collecting representative cases of:

e added value of ICON-LAM compared to the COSMO-model for different weather
regimes,

e identification of ICON-LAM decreased model skill for certain regions or certain weather
regimes,

¢ added value of ICON-LAM compared to the COSMO-model in case of severe weather
situations.

Furthermore, additional requirements of ICON-LAM users with respect to data format and
output of meteorological variables have been reported by the forecasters and will be taken
into account for post-processing software development.

For the survey questions see Appendix [A]

Some feedback was also provided from Priority Project C2I (“COSMO transition to ICON-
LAM”, COSMO TechReport No. 48), and some additional information was added from C2I
surveys. A list of the contributions is given in the Table below.

September 2022 to February 2023 | March to August 2023 | C2I
ARPA-P X X X
IMS X X
CNMCA X X
NMA X X X
X X
MCH X X
HNMS X b X

The main ICON performance findings are in brief as follows:

e ICON-LAM performance is overall satisfactory for most variables and helpful for the
forecast.

e Wind forecast is satisfactory.



e« Wind gust forecast is more satisfactory than COSMO, however there are cases of
overestimation in orographic and convective conditions.

¢ Overall ICON-LAM satisfactory prediction of precipitation area and convection initi-
ation.

o Stratiform precipitation is better predicted with ICON-LAM and does not depend on
700hpa humidity as COSMO does.

¢ Overestimation of precipitation maxima mainly in convective, orographic and coastal
precipitation, producing false alarms for thunderstorms.

o Precipitation misses for deep convection in Italy
o Erroneous convection inhibition at night in warm seasons in Italy.

o Better low clouds and fog forecasts than COSMO although there are cases of fog
overestimation.

o For severe precipitation and fog warnings, false alarm is more common than miss.
e More difficult forecast in transition seasons and small-scale low systems.

e COSMO and ICON-LAM forecasts are more similar in DJF season.

o Differences in forecast range mainly in second day in favour of ICON.

2 Analysis of the Survey Answers

A summary of the answers grouped in tables is given below.

2.1 Models Information and Use

(See model abbreviations names in Appendix
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2.2 Use of ICON-LAM forecast products and needs

Which ICON-LAM DMO outputs are used for the daily forecast ?

Temperature, Precipitation, Cloudiness
ARPA-P (and relative humidity), Wind

IMS Precipitation maps, convection indices

Standard meteorological primary and derived fields
CNMCA are plotted such as cloud cover, precipitation, snow,
freezing level, RH 2m, wind 10m, Vertical velocity 700hPa

Low/medium /high, total clouds coverage,
NMA 10m wind, wind gust, accumulated precipitation 3h, 6h, 24h, 48h,
CAPE, 2m temperature, MSLP, relative humidity

Mainly horizontal and vertical wind, temperature and relative humidity
MCH at various pressure and geopotential height levels, cloud cover,
precipitation, radar reflectivity, sunshine duration, snowfall

3h/6h/12hPrecipitation, 10m wind speed, probability of thunderstorm,
3h/6h snowfall (only in winter), Total cloud cover, convective cloud tops,
soundings for selected cities, wind plots at various flight levels,
height of 0°C isotherm

HNMS

2.3 ICON-LAM added value and performance satisfaction

10
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3 Comparison with objective Verification

In this section, the main forecasters’ comments about different parameters are compared to
the objective verifications. Objective verification reports can be downloaded in this link:
http://www.cosmo-model.org/view /repository /wgh/meetings/2024-01-24

Seasonal verifications for local domains are also available on the COSMO website:
www.cosmo-model.org/content/tasks/verification.priv
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4 Summary

4.1

4.2

Model Use and Products

IFS is the most common model for initial and boundary conditions, with ICON-
GLOBAL used only in NMA and IMGW.

Data assimilation for ICON-LAM is used in four services. KENDA is used in ARPA-P,
CNMCA, MCH, while IMS uses LHN. Kalman filter correction is applied in MCH.

ICON-LAM is running operationally in all services except for MCH. However, it is not
the main model for most of them, (IFS is the most popular), especially for lead times
greater than 3 days. One reason for this are the limited forecast range compared to IFS
and the delays of ICON-LAM arrival to the forecasters, which are more frequent than
COSMO. ECMWF technical problems causing delays in boundary conditions is the
main reason. ICON-LAM when available, it is always consulted especially for smaller
scales.

Visual Weather is the most common visualization software. Internal websites and
Grads are also used. Visualisation improvement suggestions are possibilities of in-
cluding all models in one hub, creating multimodel meteograms, adjusting color scale,
zooming.

Additional requirements about ICON-LAM products include convective indices, prod-
ucts for hail and thunderstorms, visibility maps, synthetic satellite images, special
products for ensemble (clustering based on specific variables).

Operational verification results are not widely used by the forecasters. Some of the
scores, for example spatial verification may be difficult to interpret. Forecasters prefer
to use their own experience. A scores classification for different synoptic conditions,
HIW, and special test cases with different model versions are suggested to be more
helpful for the forecasters.

ICON-LAM is used for aeronautical and sea route predictions for five services, at least
for comparison, while only IFS and COSMO are used for the two others. Procedure is
not yet fully automated.

Model Performance Summary

ICON-LAM performance is overall satisfactory for most variables and helpful for the
forecast.

However, there are contradictory opinions regarding precipitation. Although most ser-
vices report overall good performance in warm seasons and convective conditions, with
satisfactory forecast prediction area, there is a tendency of overestimation of maxima,
which is also reported in orographic precipitation in MCH and ARPA-P, coastal and
mountainous regions (IMGW),and local convergence conditions with synoptic condi-
tions of NE flows, S-SW flows over Western and Central parts (HNMS).Transition
seasons (SON, MAM) are more difficult seasons for precipitation forecast.

Misses in precipitation forecasts are reported in Italy (CNMCA) in deep convection.
Moreover, very often ICON-IT and all other LAM models reported erroneous night
time convection inhibition, with coarser scale models (IFS) being more successful. In
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addition, there were cases where severe convection was poorly forecasted with ICON-
IT, while COSMO-2I and C-LAEF were more successful.

A positive remark (ARPA-P) is that ICON is less related to the wet 700hPa layer as
COSMO is. Therefore, COSMO stratiform precipitation is often missed if the 700hPa
level is dry.

In cool seasons, COSMO performs similarly or even better than ICON (NMA). In case
of well established low system with cold fronts in DJF all models including ICON-
LAM tend to forecast similar weather, while in smaller-scale local lows the differences
are more significant, as the movement and location of such lows differ for each model

(HNMS).

TCC, low clouds and fog are better predicted with ICON-LAM although there is a
tendency of fog events overestimation (NMA, IMS). Sometimes in case of low cloud
conditions precipitation is erroneously forecasted instead of fog, mainly with IFS and
less for ICON (HNMS). Sometimes in case of low cloud conditions precipitation is
erroneously forecasted instead of fog, mainly with IFS and less with ICON (HNMS,
ARPA-P).

Although wind predictions are generally satisfactory, there is a tendency of wind gust
overestimation in convective conditions and mountainous regions.

In terms of forecast range, the first hours of simulation, COSMO and ICON models are
similar but for later hours ICON is better (IMS, NMA). ARPA-P reported overesti-
mation of precipitation events in the beginning of the forecast period, underestimation
around the end, with the events duration being forecasted too soon for both models.
IMGW reported ICON occasional delays of precipitation forecast with respect to the
observations.

ICON-LAM is used for warnings in most services especially for thunderstorms, frontal
precipitation and wind gusts. False alarms warnings for precipitation are common
for thunderstorms in ARPA-P, HNMS and night time wind gusts in NMA. Misses for
precipitation are reported in IMGW, CNMCA. In IMS,ICON is mainly used for issuing
fog warnings, but with significant number of false alarms.

The comparison of forecasters comments with objective verification agree to the ICON
general better performance than COSMO but also to the ICON performance weak
points.
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A.2

10.

Survey Questions

Model Run Information

. Specify the version, grid spacing, nesting setup and forecast range of COSMO/ICON-

LAM you are using. Is ICON-LAM running operationally in your service?

Specify the initial and boundary conditions driving models for COSMO and ICON-
LAM.

Do you use data assimilation? If yes, please write the assimilation method and the
type of assimilated observations.

. Specify other models you are using for your forecasts. Specify grid spacing and forecast

horizon.

Which model is the main model the forecasters consult for their forecasts. If it is not
ICON-LAM please specify the reason.

Do you also use ICON global for your forecasts?

Do ICON-LAM forecasts arrive on time? If not, specify the reason.

Use of model and needs

. Which ICON-LAM direct model output (DMO) products do you use for the routine

daily weather forecasts?
Which types of visualization do you use (maps, meteograms, other plots)
What is your visualization software for I[CON-LAM ?

Are you satisfied with this visualization? If not, what do you suggest that would be
helpful?

Do you use ICON-LAM outputs for the regular aeronautical, marine or other opera-
tional forecasts that your service issues?

Do you use automated procedure for the creation of the forecasts of the previous
question with model data? If yes, does the forecaster interfere on the model suggested
forecasts?

Do you have additional requirements with respect to ICON-LAM data format, out-
put meteorological variables and specific products derived from ICON-LAM numerical
weather forecasts?

Do you use post-processing products of ICON-LAM (e.g., convective indices plotted in
meteograms) ? Which ones are more useful and what are your needs?

Is the ICON-LAM verification information helpful? Do you take it into consideration
when issuing the daily forecasts or warnings for severe weather?

What other ICON-LAM verification products would be useful? Do you apply correction
to ICON-LAM forecasts such as Kalman filter procedure?
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A.3 Model guidance and performance

1. Estimate the overall ICON-LAM model guidance

a)
b)
c¢) rather poor guidance, misleading
d)

e) additional comments to the choice above, especially if answer is ¢ or d

very good guidance, very useful

good guidance, useful

very poor guidance, very misleading

Is there an overall added value for ICON-LAM compared to COSMO (or other) fore-
casts for particular meteorological parameters? If so, please, indicate the parameters.

2. Is there an added value of ICON-LAM performance compared to COSMO (or other)
model for different regions, weather regimes or different seasons?

3. Identify ICON-LAM decreased model skill for certain regions or weather regimes.Specify
persistent biases in forecasted parameters.

4. Categorize, if possible, the synoptic patterns in the lower and upper troposphere where
biases in ICON/LAM forecasts are more frequent.

5. What are your comments for the forecasted precipitation in general? Do you see
differences among ICON-LAM and COSMO (or other models) for convective or non
convective precipitation? (extent, time of start/end, shape of objects, etc.)

6. Is there an added value of ICON-LAM performance compared to COSMO (or other)
model for different forecast horizons? (Do the forecasts deviate after some hours of
simulation and which one performs better?)

7. Is there an added value of ICON-LAM for predicting severe, high impact weather
(HIW) situations, such as:

 thunderstorms/frost/snow/heat waves/fog/severe wind gusts/storms/road ice/frontal
precipitation

o other (indicate which HIW event)
e We do not predict HIW

8. Please specify the ICON-LAM products that were more helpful for forecasting these
situations. At which lead times?

9. Were the forecasts helpful for issuing warnings sufficiently ahead of time?
10. Did you get often misses or false alarms? If so, mainly for which HIW?

11. Do you notice any systematic difference between different ICON-LAM forecast runs?
Are ICON-LAM runs from a particular initial time more/less successful? Please, indi-
cate the initial time and the variable they are most successful for.

12. Is there an added value (if yes, describe it) from using ICON global NWP comparing
to other NWP models?
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A4

ICON EPS

. Do you use the ICON ensemble prediction system (EPS)? What are the parameters

(grid size, number of members). Is it helpful for predicting severe events ahead of time?

. Is there an added value of ICON-EPS compared to other EPSs you use? For which

parameters?

Do you use post-processed ICON-EPS products? (E.g., upscaled probabilities)? If so,
which ones? Do you need/plan to use more products? If yes, could you specify /describe
them?

List of Models

. ALARO (Ghent University, Belgium)

AROME (Application of Research to Operation at Mesoscale-Meteo France)
BOLAM (hydrostatic model of CNR-ISAC/Bologna)
GFS (Global forecast System- NCEP/NOAA)

IFS -ECMWF (Integrated Forecast System -European Centre for Medium-range Weather
Forecasting)

KENDA (Km scale Ensemble Data Assimilation)

MOLOCH (hydrostatic model of CNR-ISAC/Bologna in higher resolution)
UKMO (United Kingdom Met. Office)

WRF (Weather Research and Forecast model-NCAR/MMM)
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COSMO Technical Reports

Issues of the COSMO Technical Reports series are published by the COnsortium for Small-
scale MOdelling at non-regular intervals. COSMO is a European group for numerical weather
prediction with participating meteorological services from Germany (DWD, AWGeophys),
Greece (HNMS), Italy (USAM, ARPA-SIMC, ARPA Piemonte), Switzerland (MeteoSwiss),
Poland (IMGW), Romania (NMA) and Russia (RHM). The general goal is to develop, im-
prove and maintain a non-hydrostatic limited area modelling system to be used for both
operational and research applications by the members of COSMO. This system is initially
based on the COSMO-Model (previously known as LM) of DWD with its corresponding data
assimilation system.

The Technical Reports are intended

o for scientific contributions and a documentation of research activities,
e to present and discuss results obtained from the model system,
e to present and discuss verification results and interpretation methods,
o for a documentation of technical changes to the model system,

e to give an overview of new components of the model system.

The purpose of these reports is to communicate results, changes and progress related to the
LM model system relatively fast within the COSMO consortium, and also to inform other
NWP groups on our current research activities. In this way the discussion on a specific
topic can be stimulated at an early stage. In order to publish a report very soon after the
completion of the manuscript, we have decided to omit a thorough reviewing procedure and
only a rough check is done by the editors and a third reviewer. We apologize for typographical
and other errors or inconsistencies which may still be present.

At present, the Technical Reports are available for download from the COSMO web site
(www.cosmo-model.org). If required, the member meteorological centres can produce hard-
copies by their own for distribution within their service. All members of the consortium will
be informed about new issues by email.

For any comments and questions, please contact the editor:

Massimo Milelli

massimo.milelli@cimafoundation.org
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