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Extended abstract

The completed form should be submitted/uploadechttts://www.ecmwf.int/en/research/special-projesgstial-
project-application/special-project-request-subrioss

All Special Project requests should provide an mtmtfproject description including a scientific plaa justification of
the computer resources requested and the techolizabcteristics of the code to be used.

Following submission by the relevant Member Sthte $pecial Project requests will be published cn BCMWF

website

and evaluated by ECMWEF as well as the 8fiteand Technical Advisory Committees. The eviaduaof the

requests is based on the following criteria: Reles& to ECMWF's objectives, scientific and techniqahlity,
disciplinary relevance, and justification of thesoairces requested. Previous Special Project repant the use of
ECMWEF software and data infrastructure will alsodmnsidered in the evaluation process.

Requests asking for 1,000,000 SBUs or more shaulddre detailed (3-5 pages).Large requests askingd,000,000
SBUs or more will receive a detailed review by memlof the Scientific Advisory Committee.

Starting from 2010, at the Hydro Meteo Climate Ssr\of Arpae Emilia-Romagna research work
has been carried out aiming at the development@dbravection-Permitting (CP) ensemble system
for Italy, based on the COSMO model.

Research has covered several scientific issuesedel@ the predictability at the convection-
permitting scale and to how to best include reléyagrturbations in the construction of a CP
ensemble to be used operationally. In particutesestigation has covered:
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How to provide perturbed boundary conditions to @ ensemble. In this field, it has been
investigated the issue of the resolution of thersmaresolution ensemble providing
perturbed BCs to the CP ensemble. In particular,uge of BCs from the IFS ensemble to
drive an ensemble over lItaly at 2.8 km has beeatiesiuin comparison with the use of the 7-
km ensemble COSMO-LEPS to provide BCs (Marsiglalet 2014). The issues related to
the “jump in resolution” have been analysed andwdised in an ensemble context.

Model perturbations: the perturbation of the COSM@del at the CP scale had been
studied by testing two approaches, the ParametturBation (PP) and the Stochastically
Perturbed Parameterization Tendency (SPPT) of RBeENS, which was implemented in
the COSMO model. For the first one, several pararsetf the COSMO model have been
perturbed, from the schemes for turbulence, migysiols, shallow convection, land surface.
The two types of perturbations have been also coesband their relative role has been
assessed.

How to provide perturbed Initial Conditions usingadyses derived from an ensemble data
assimilation cycle. The data assimilation has besrup with the same COSMO model at
2.8 or 2.2 km, using the LETKF- based scheme deeelan the COSMO Consortium
(KENDA, Schraff et al., 2016; Hunt et al., 2007heTimpact of the KENDA analyses as
ICs for the ensemble has been studied for diffgpenibds characterised by severe weather
over ltaly.

Ensemble verification and evaluation of the impattthe different perturbations. The
evaluation has also addressed issues like intatpretof probabilities and verification of
probabilistic forecasts at high resolution (spatigkification, object verification, user-
oriented verification)
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Most of these issues have been studied in the twankeof Special Projects of ECMWEF, mainly the
SPITCONV SP (successive SPs), but also the SPITSRE&tefore, results can be found in the
Progress and Final Reports of these Projects.

The intense testing work has lead to the set-up pfe-operational suite for the COSMO-2I-EPS
ensemble in Italy, on the supercomputing resouo€&SINECA. Now products are prepared daily
and delivered to the Operational Room of Arpae. @hgemble consists of 20 runs of the COSMO
model at 2.2 km resolution, with 65 vertical levdtgeceives Boundary Conditions from COSMO-
ME-EPS, the 7 km ensemble run by COMET over the idadnean. Initial Conditions are
provided by 20 analyses of the KENDA data assimoitatycle, which is also run operationally at
CINECA. No model perturbations are currently inadd

While the operational run of the ensemble will coué¢ on Italian resources, we need to carry out
experiments aimed at improving the ensemble cordigan. Internally we do not have computing

resources for this task. With this aim, we woulkelito start a new Special Project on the
improvement of the perturbation strategy for ounwarction-permitting ensemble in the next 3

years.

The scientific motivation behind it is that, evérthe ensemble is currently implemented in a state-
of-the-art configuration, it is already clear tisatme issues require further investigation and some
parts of the perturbation method should be improved

Model perturbations (PP).

The ensemble as it is now does not have model npattans. This is due to the fact that recently
the COSMO model has undergone many developmentsthen physics package: new
options/schemes have been made available (turlbayléanod surface) and several parameters of the
physics schemes have received new default valumsth#s reason, the values assigned to the
Parameter Perturbations should be revised, byntesiew parameters also belonging to new
schemes and testing different values of the oldsobe parameters which may be suitable for
perturbations will be indicated by the model depels, together with a possible range of values.
Then, the impact of these perturbations has tested for a period and for the Italian domain.

This investigation requires the run of the COSMQdeiaat 2.2 km in an experimental suite where
initial and boundary conditions are deterministiee(same for all the runs, from the deterministic
IFS run) but where different values are assignethéoset of parameters which is believed to be
sensitive to perturbations. The method which walifbllowed is the same adopted in Marsigli et al.,
2009. In order to perform a meaningful evaluat@suite with about 20 runs of the COSMO model
has to be run, for the 24 h forecast range, féeadt two different months (1 autumn month, where
most of the precipitation takes place in Italy @ndummer month, when the convection mainly
interest our area).

One run of this PP testing suite with 20 runs (C@sMk 2.2 km, 65 levels, Italian domain, 24 h
forecast range, 1 run per day) costs about 1523®)0, therefore 2 months of runs cost about 9.2
M SBU.

Initial Conditions from Ensemble DA.

The ensemble data assimilation which has been imgaiéed operationally and which provides the
Initial Conditions to the CP ensemble requiresherttuning and scientific development. The DA
ensemble has shown underdispersion, therefore watinflating the ensemble further and assess
the impact on the assimilation. A data assimilagmsemble which does not have enough spread
leads to a drift of the analysis and to a not éiffecuse of the observations. For this purpose, we
would like to test the impact of additive inflatitwy using a climatological B-matrix computed with
reanalysis run of the COSMO model.

This requires the run of the assimilation cyclenfcwous hourly) on at least 2 weeks, with the
assimilation ensemble which consists of 20 membEngen, the analyses produced by KENDA
should be used as ICs to ensemble runs, for the 2aneeks period.
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One run of KENDA (2.2 km, 65 levels, Italian domagontinuous run) with 20 members costs
about 152,000 SBU, therefore for 2 weeks the &,1 M SBU. The successive ensemble run
costs half of this amount, having 10 members instea20, but it should be performed in 2

configurations (old inflation vs new inflation),arefore the cost is also 2,1 M SBU.

On top, it is ongoing at Arpae a research work dirakassimilating radar volumes in KENDA
(Gastaldo et al., 2018). Once a set-up is defimedhis enhanced assimilation, the new analyses
have to be tested also in ensemble mode as I@itaditions. Therefore, the impact of the new ICs
have to be tested on the COSMO-2I-EPS ensemblé selected cases covering least 2 different
months.

One run of the COSMO-2I-EPS ensemble (2.2 km, 88l$e Italian domain, 24 h forecast range, 1
run per day) with 10 members only (in order to wthe cost of the testing suite) costs about
76,000 SBU, therefore an experimentation which catdeast 1 month costs about 4.1 M SBU (2
configurations for each run, control and experimenhis is a minimal set-up to test the new ICs,
therefore more runs would be needed in particudlanteresting cases show up over the Italian
domain.

Higher resolution ensemble test

Finally, in the 3 years framework it is foreseenstart the testing of the ensemble at 1 km
horizontal resolution, since early studies indidateat this resolution brings benefit in the forgca
of high impact weather. Tests should be performéth &w 10 members ensemble run at 1 km
resolution at least for a 24 h forecast range. ddst of this runs will be likely 4 times the co$tam
ensemble run of the same size but with half regpsluiTherefore the cost of each run will be in the
order of 76,000 x 4 SBU per day of test, 304,000JSBA test over 1 month period covering
different meteorological situations (convectiorng frases, intense precipitation events) will co3t 9,
M SBU.
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