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Editorial 1The urrent issue of the COSMO Newsletter ontains �ve ontributions that over some aspets of theR&D e�orts undertaken in the Consortium for Small-Sale Modelling. All ontributors to the COSMONewsletter No. 17 are gratefully aknowledged. Extensive disussions of the various COSMO issues(inluding reent ahievements, pressing problems, future hallenges, and management) took plaeduring the 18th COSMO General Meeting held 5-8 September 2016 in O�enbah, Germany.Detailsan be found at the COSMO web page http://www.osmo-model.org/ontent/onsortium/generalMeetings/general2016/default.htmOne reent event should be partiularly mentioned. In 2017, COSMO wholeheartedly welomed a newmember, namely, the Israel Meteorologial Servie (IMS). The IMS olleagues are already makingimportant ontributions to a number of COSMO projets, and I am sure will further strengthen theirrole in COSMO in the future.Guided by the COSMO Strategy and the COSMO Siene Plan, the Consortium strives to improve theweather foreast and to maintain high satisfation of its numerous ustomers. Muh e�ort nowadaysgoes into the onvetion-permitting sales and the ensemble predition systems. Mention should bemade of the reently ompleted COSMO Priority Projet KENDA that resulted in the developmentand implementation of the novel ensemble data assimilation system based on the Loal EnsembleTransform Kalman Filter (LETKF). The LETKF-based data assimilation system (KENDA) beameoperational at DWD in Marh 2017 (for both ensemble and deterministi foreasts) and at ARPAEin May 2017 (for deterministi foreast only). Reall that MCH has been running KENDA opera-tionally sine May 2016 (for ensemble foreast). Other Consortium members are expeted to onsiderthe operational use of KENDA in the not too distant future. Within the framework of the COSMOworking groups, priority projets and priority tasks, the COSMO sientists deal with a number ofpressing problems that are high on the agenda of the NWP entres. These inlude development ofdynamial ores with improved onservation properties; more intimate oupling of turbulene, miro-physis, radiation and soil (inluding oean and lakes) parameterization shemes; development ande�ient use of spatial veri�ation methods for ensemble and deterministi foreasts; representation ofmodel unertainties and development of perturbation methods for the ensemble predition systems;development of objetive and e�ient methods of alibration of NWP models; and performane onthe massively parallel (e.g. GPU-based) omputer arhitetures. COSMO also pays muh attentionto the COSMO software maintenane and to omprehensive testing and timely release of new modelversions. The release notes are found at the COSMO web page, http://www.osmo-model.org. Lastbut not the least, the uni�ation of (parts of) the odes of the NWP models COSMO and ICONlooms large on the COSMO agenda, and muh e�ort is made along this line. Considerable progresshas been made in the development of ommon COSMO-ICON library of physial parameterizationshemes. More information about the COSMO ativities an be found at the COSMO web page.COSMO urrently faes a number of strong hallenges. One well-known and very hallenging issueis related to the resolution at whih onvetion is (arguably) permitted but not yet resolved. Apartfrom this issue that alls for signi�ant researh e�ort, the Consortium urgently needs to solve someproblems of both R&D and management harater. These inlude the future of the COSMOWorkingGroup 4 "Interpretation and Appliations" that is fairly unertain at the time being, and furtherdevelopment and restruturing of the Meteorologial Test Suite that is ruial for timely release ofnew COSMO-model versions. The above and many other issues will be disussed at the next COSMOGeneral Meeting to be held in Jerusalem, Israel, 11-14 September 2017.Enjoy your work in COSMO and the COSMO spirit!Dmitrii MironovCOSMO Sienti� Projet Manager
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Editorial 2

Figure 1: Partiipants of the 16th COSMO General Meeting in O�enbah
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3 Working Group on Physial Aspets: Soil and Surfae 4
Preliminary activity with COSMO-1 over Torino including TERRA-URB

parameterisationM. Milelli1, E. Buhignani2,3, P. Merogliano2,3, V. Garbero11 ARPA Piemonte (Torino, Italy), 2 CIRA (Capua, Italy), 3 CMCC (Capua, Italy)1 IntrodutionThe modeling of urban environment has gained muh attention in the last years; in fat, multiple parameter-isations for the land use type have been developed. The bulk shemes take into aount the overall radiative,thermal, turbulent-transfer properties, and water-storage apaity of the urban anopy with a set of bulkparameters. These model parameters are estimated from model sensitivity experiments. The bulk shemesare suitable for apturing the general harateristis of the urban limate in regional limate modeling in ane�ient way. However, they do not expliitly resolve the omplex proesses depending on the loal harater-istis of the urban anopy, whih further modulate the urban limate. The expliit anyon shemes expliitlyapture the omplex physial proesses depending on the loal harateristis of the urban anopy, whihfurther modulate the urban limate. Yet, the appliability of these expliit-anyon shemes for atmospherimodeling is sometimes limited by either the lak of detailed urban anopy information, omputational ostand their model omplexity.In COSMO model, ities are represented by natural land surfaes with an inreased surfae roughness lengthand a redued vegetation over (modi�ation of soil and vegetation parameters of the TERRA model).However, in this representation, urban areas are still treated as water-permeable soil with aerodynami,radiative and thermal parameters similar to the surrounding natural land. Therefore, this basi representationould not reliably apture the urban physis and assoiated urban-limati e�ets inluding urban heat islands.For this reason, further developments of the parameterisation of the urban land have been arried out. Inpartiular, the TERRA-URB bulk parameterisation sheme with a presribed anthropogeni heat �ux hasbeen used in this work (see [1℄ and [2℄ for details). The simple bulk-model TERRA-URB inludes the e�etsof buildings on the air �ow without resolving the energy budgets of the buildings themselves, but using theexternally alulated anthropogeni heat �ux. This approah allows representing e�ets of multiple itieson the atmosphere without requiring additional data on the building struture. The use of the previouslyestimated anthropogeni heat �ux, modi�ed thermal and radiative parameters and a modi�ed surfae-layertransfer sheme, provides the urban heat island with the orret diurnal phase. The magnitude of this �uxan potentially be revised to �t the mean measured signal. TERRA-URB uses a pre-alulated anthropogeniheat �ux (QF ), whih aounts for ountry-spei� data of energy onsumption, alulated on the base ofthe population density and the latitude dependent diurnal and seasonal distribution. Due to this simplerepresentation of the urban land as a bulk, TERRA-URB is omputationally inexpensive. The latest versionof TERRA-URB implements the Semi-empirial Urban anopy parameterization (SURY). It translates urban-anopy parameters (ontaining 3D information) into bulk parameters. TERRA-URB takes additional surfaeparameter input �elds: ISA (Impervious Surfae Area) and AHF (Annual-mean anthropogeni Heat Flux),generated with EXTPAR via the WebPEP interfae. By default, TERRA-URB takes �xed values for theurban anopy parameters: variation of urban-anopy parameters is optional.2 Test ase and model setupIn the period 1-16 July 2015, Piemonte region and Torino in partiular experiened extreme temperaturevalues and unomfortable onditions for the population. In partiular July 2015 has been the hottest Julysine 1958 (Fig. 1). For more information regarding the limatologial analysis and the methodology, see [4℄(in Italian). It omes out that July 2015 is ranked �rst in all the measurements. In Torino, the maximumtemperature reahed 38.5◦C during that period and ground stations data pointed out the presene of alear UHI e�et. This is the reason why this area and this period represent a suitable benhmark to testthe apabilities of COSMO, and in partiular of the urban parameterization. The analysis follows the studypublished in the COSMO Newsletter 16 ([3℄) so the same stations have been onsidered: Torino Consolata(urban), Torino Giardini Reali (urban park) and Monalieri Bauduhi (rural) (see Fig. 2 and Tab. 1).The model setup is the following:� COSMO resolution: 0.009° (about 1 km);COSMO Newsletter No. 17: July 2017 www.osmo-model.org



3 Working Group on Physial Aspets: Soil and Surfae 5name lat lonMonalieri/Bauduhi (rural) 44.961111° 7.709227°Giardini Reali (urban park) 45.073699° 7.688576°Consolata (urban) 45.076667° 7.679444°Table 1: List of stations used.AHF (W/m2) ISA URBAN H (m) Soil TypeBauduhi 3 0.061 0 225 6Consolata 23.6 0.91 1 232 6Giardini Reali 15.3 0.825 1 230 6Table 2: Values of some variable in the seleted points.� omputational domain: 100 x 100 points, 60 vertial levels, time step 3 s (see Fig. 3);� time period: from 1 to 7 July 2015;� foring data: IFS analysis (resolution of 0.075°).The simulations have been performed aording to the following prospet:� NON-URB: simulation with TERRA-URB o�;� URB: simulation with TERRA-URB on.The maps of few important parameters are shown in Fig. 4 and the single values orrespondent to the singlepoint are listed in the Tab. 2. The model onsiders Monalieri Bauduhi a rural station and the other twourban stations (orretly).3 ResultsThe time series of observed T2m in the three stations are plotted in Fig. 5 with the model output (URBand NON-URB). A general overview on�rms that in Consolata the daily maxima are slightly overestimatedby URB, while the minima are better than the operational (NON-URB). In Giardini Reali the maxima areniely simulated by URB while the minima are overestimated (NON-URB is better). As expeted there areno signi�ant di�erenes between URB and NON-URB simulations in rural areas, that is both underestimatethe maxima and overestimate the minima.Tab. 3 shows the average observed T2m value and the average bias (model minus observation) related to thebasi simulations. URB allows a redution of the average bias ompared with NON-URB in Consolata andin Monalieri, while in Giardini Reali the trend is opposite.In Fig. 6 the soil surfae temperature time series are shown. While there is basially no hange in rural areas(Monalieri), there is a large modi�ation in the ity with a general inrease, espeially in the maxima values.
Obs Bias Urb Bias Non-urbConsolata 29.4 0.68 -1.22Monalieri 28.2 -0.55 -0.74Giardini Reali 28.7 1.37 -0.59Table 3: Mean observed T2m values and mean model bias.COSMO Newsletter No. 17: July 2017 www.osmo-model.org



3 Working Group on Physial Aspets: Soil and Surfae 6

Figure 1: Distribution of T2m max (top), min (middle) and mean (bottom) in July 2015 over Piemonte.
COSMO Newsletter No. 17: July 2017 www.osmo-model.org



3 Working Group on Physial Aspets: Soil and Surfae 7

Figure 2: Loation of the three observation stations onsidered in the Torino area (1, 2 and 9).

Figure 3: The omputational domain.
COSMO Newsletter No. 17: July 2017 www.osmo-model.org



3 Working Group on Physial Aspets: Soil and Surfae 8

Figure 4: Distribution of the additional parameters over the area.
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3 Working Group on Physial Aspets: Soil and Surfae 9

Figure 5: Time series T2m for Consolata station (urban ell, top), Monalieri Bauduhi (rural, middle)and Torino Giardini Reali (urban, bottom) with the di�erent simulations and observed data.
COSMO Newsletter No. 17: July 2017 www.osmo-model.org



3 Working Group on Physial Aspets: Soil and Surfae 10

Figure 6: Time series of T_S (soil surfae T) for Consolata station (top), and Monalieri (middle) andGiardini Reali (bottom) with the di�erent simulations.
COSMO Newsletter No. 17: July 2017 www.osmo-model.org



3 Working Group on Physial Aspets: Soil and Surfae 11

Figure 7: Mean vertial pro�le of T over Torino Consolata at di�erent hours.

COSMO Newsletter No. 17: July 2017 www.osmo-model.org



3 Working Group on Physial Aspets: Soil and Surfae 12

Figure 8: Mean vertial pro�le of T over Monalieri Bauduhi at di�erent hours.
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3 Working Group on Physial Aspets: Soil and Surfae 13

Figure 9: Mean vertial pro�le of T over Torino Giardini Reali at di�erent hours.

COSMO Newsletter No. 17: July 2017 www.osmo-model.org



3 Working Group on Physial Aspets: Soil and Surfae 14The simulated vertial pro�les of T are shown in Figs. 7-9. In Torino Consolata the di�erene betweenURB and NON-URB is limited to the lowest layers where URB has in general higher temperatures (exeptat 12UTC where the pro�les are equivalent). Above 300-400 m the pro�les ollapse to a single urve. InMonalieri (rural area) the di�erenes are quite small as it ould be expeted. Torino Giardini Reali is quitesimilar to Consolata.4 Summary and outlookA set of simulations have been performed with COSMO over Torino area at very high resolutions (about 1 km),onsidering the period 1-7 July 2015. The bulk model TERRA-URB parameterizes the e�ets of buildingson the air �ow using the externally alulated anthropogeni heat �ux. The e�ets of the introdution ofthis urban parameterization on the quality of results have been quanti�ed. TERRA-URB allows a betterrepresentation of the daily minimum temperature. This is a remarkable results, sine it is the minimumtemperature that determines the UHI (mainly). However, onsiderable work is still needed, espeially for whatonerns the optimization of the model on�guration. This work has been performed with a private version ofCOSMO, modi�ed with TERRA-URB, but one the sheme will be inluded in the o�ial COSMO release(v5.6), a more strutured projet will start.Hendrik Wouters (KU Leuven, Belgium) and Uli Blahak (DWD) are gratefully aknowledged for providingthe COSMO/TERRA-URB software pakage and for the tehnial and sienti� hints.We would like to thank the Italian National Department of Civil Protetion for the support given to thisprojet.Referenes[1℄ Wouters, H., Demuzere M., Ridder K. D. and van Lipzig N. P., 2015: The impat of impervious water-storage parametrization on urban limate modelling. Urban Climate, 11, 24�50.[2℄ Wouters, H., Demuzere, M., Blahak, U., Fortuniak, K., Maiheu, B., Camps, J., Tielemans, D. andvan Lipzig, N. P. M., 2016: The e�ient urban anopy dependeny parametrization (SURY) v1.0 foratmospheri modelling: desription and appliation with the COSMO-CLM model for a Belgian summer.Geosi. Model Dev., 9, 3027-3054.[3℄ Milelli, M., 2016: Urban heat island e�ets over Torino. COSMO Newsletter, 16, 1-10.[4℄ http://www.arpa.piemonte.gov.it/rishinaturali/tematismi/lima/onfronti-storii/dati/dati.html

COSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 15
Urban wind analysis in WarsawKatarzyna Starosta, Andrzej WyszogrodzkiDepartment of COSMO Numerial Weather Predition National Center for MeteorologialProtetion Institute of Meteorology and Water Management � National Researh Institute.PL-01-673 Warsaw, 61 Podle±na str.katarzyna.starosta�imgw.pl; andrzej.wyszogrodzki�imgw.pl1 IntrodutionThe population of large urban areas is growing rapidly. By 2050 it is predited that two-third of global pop-ulation will be the ity inhabitants. As the ities onstantly grow the high-end tehnology is being utilized tomanage urban development, whih leads to the onept of Smart Cities - friendly and intelligent infrastruturefor their itizens.One of the key fators of Smart City onept is the promotion of green energy from renewable soures,another important problem for ities is the smog and air pollution. A high quality wind onditions formweather foreasting model may be neessary to alulate the ventilation index for the di�erent ity areas.The aim of this work is to provide assessment of the use of numerial weather predition (NWP) models forwind speed and wind diretion foreasting in the urban spae. Roughness length is an important onept inurban meteorology, aounting for the struture and type of buildings, roads, parks and rivers within the ityarea. These parameters are a�eting meteorologial onditions as winds whih are the single most importantsoure of free kineti energy and a major fator determining the urban air quality.For further pratial use, the foreast data from numerial model COSMO at 2.8 resolution has to be veri�edwith the data from urban meteorologial stations. In this work we use the 2015 year data from two WMOnetwork stations loated in Warsaw at Ok�ie and Bielany. The Ok�ie station is loated at the Ok�ie airportin the south-western suburbs of the ity, while the station Bielany is loated in the northern part of the ityin the valley of the Vistula River.These loations were hosen to aount for an impat of the ity struture on the daily ourse of windspeed and wind diretion. Detailed alulations and analyzes of observational and COSMO wind data wereperformed for the whole 2015 year, aounting for the annual, seasonal, monthly and hourly wind variability.2 COSMO numerial weather predition model in PolandModel COSMO version 5.01 is run at IMGW-NRI operationally four times per day using two nested domainsat horizontal resolutions of 7 km and 2.8 km.

Figure 1: Cosmo model domainCOSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 16Table 1: Operational setups of the COSMO-PL models.Horizontal Grid Spaing [km℄ 7 2.8Domain Size[grid points℄ 415 x 445 380 x 405Foreast Range [h℄ 78 12Inital Time of Model Runs[UTC℄ 00 06 12 18 1h frequenyModel Version Run 5.01 5.01Model providing LBC date ICON COSMO PL7LBC update interval [h℄ 3h 1hData Assimilation Sheme Nudging NudgingCOSMO model runs in a deterministi mode using initial (IC) and boundary (BC) onditions from ICONglobal model. Implemented in the COSMO observational data assimilation (DA) system is based on thenudging tehnique to improve foreast quality. DA allows for ingesting weather data measurements - as thesearried out at SYNOP stations aquired from the WMO/GTS network.The model is starting at 00, 06, 12, 18 UTC and produes 78 hour and 36 hour foreasts respetively at 7and 2.8km resolutions.3 Observational networkOur studies are based on the wind speed and wind diretion data from the 2015 year, attained from twostations in Warsaw:� Synopti station Ok�ie(24h) loated on the south-west of Warsaw, within the Warszawa-Okeieairport.� Climatologial station Bielany(6,12,18 h) loated in the northern part of Warsaw at the area ofInstitute of Meteorology and Water Management.

Figure 2: Wind roses in 2015 year at the Bielany and Ok�ie stations (upper synop(left),lower model(right)).For our researh we have olleted data from all 24 hours of the synopti station Ok�ie and from three terms(06,12,18 h) of the Bielany limatologial station from the whole 2015 year. Both stations are the multiannualnetwork WMO stations. The station Warszawa Ok�ie is loated in the south-western parts of the ity at theairport, while the station Bielany is situated in the northern part of the ity near the Vistula River in theInstitute of Meteorology and Water Management.
COSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 174 Data analysisA wind rose is a onise and illustrative produt showing wind speed and wind diretion at a ertain loation.It provides information about the frequeny of winds blowing at ertain speed ranges from the partiulardiretion, as well as its time perentage. For the seleted loations we ompare wind roses generated fromNWP model with data from observational stations. Results are used both for the urrent meteorologialanalysis and for studies of a longer period of time. For urrent analysis WRPLOT View program was used[1℄.

Figure 3: Wind roses: top - observation data: from left Bielany 3h, Ok�ie 3h, Ok�ie 24h; bottom - model:left Bielany, right Ok�ie from 2015 year.For diret omparison SYNOP observations from three terms (06,12,18 hours) at the Ok�ie station have beenseleted. The predominant wind diretion during the whole year for the station Ok�ie is western. Surprisingly,we an observe very large onvergene as for the wind diretion and wind speed (Fig.3, Tab 2) alulated forthe 3 hour and 24 hour averages, whih shows how well is the data from 06,12,18 hours representative of adaily yle.A di�erent distribution is observed at the station Bielany beause it is loated in di�erent part of the ity,between the residential area and forest, in a lose proximity to the Vistula river, whih signi�antly a�etsthe distribution of winds in this area.The winds have more sattered diretions from north-west to south-east diretion. COSMO model resultsshow rather uniform wind speed and wind diretion regardless of the loation whih indiates the need forimplementing more detailed parametrization of urban e�ets.Further analysis at the Bielany station (Tab 2) show smaller averaged annual wind speed (2.14 m/s) thanat the Ok�ie station (3.76 m/s) and over twie weaker winds speed dominating (Fig.4) in the lass (0.5-2.1m/s). By omparing model results with observational data we an see that at Ok�ie station model windspeeds ( 2.94 m/s) are generally smaller than the observed one (3.57 m/s).The lass with the smallest wind speeds (0.5-2.1 m/s) inreases by 30%, while the lass with high wind speeds(5.7-8.8 m/s) signi�antly redues by 10%. Whereas at the station Bielany situation is reversed, with higherwind speeds being observed in the model. The lass of (3.6-5.7 m/s) inreases of about 25%, while lass ofvery weak winds (0.5-2.1 m/s) is redued.
COSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 18Table 2: Average wind speed and alm winds at Bielany and Ok�ie for 2015 yearstation hours alm wind avg wind speedBielany obs.3h 1095 3.93 2.14Ok�ie obs.3h 1095 3.11 3.76Ok�ie obs.24h 8751 5.18 3.57Bielany model 8724 0.11 2.79Ok�ie model 8724 0.16 2.94

Figure 4: Wind lass frequeny distribution for 2015 year. From left: Ok�ie synop/model, Bielany synop/-model.A more detailed analysis was performed for the whole 2015 year (Fig. 5-8) and for individual months (Fig.9-11) using hourly data (06,12,18 hours) from both meteorologial stations and the COSMO model at 2.8kmresolution . At both stations Bielany and Ok�ie we an see for the observations a greater satter in winddiretion than in the data alulated by the model. (Fig 5-6).Comparing the annually averaged wind speed (Fig. 5-10) we see that for Bielany, the wind speeds alulatedfrom the model are higher than those observed at the station. At the Ok�ie station situation is reversed,where wind speeds of observation are higher than those alulated by the model.Comparing monthly averages for these hours we observe the highest wind speeds for 12 hours for bothobservations and model. The exeption is the January at Ok�ie with strong winds (over 4 m/s) throughoutthe day, where wind speeds of 18 hour is slightly higher than the wind speed at 12 hour.

COSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 19

Figure 5: Hourly wind roses form 2015 year at Bielany station. From left: 06h 12h 18h, top - observation,bottom - model

Figure 6: Hourly wind roses for 2015 year at Ok�ie station. From left: 06h 12h 18h, top � synop, bottom -modelCOSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 20

Figure 7: Wind lass frequeny distribution for 12 hour. From left: Ok�ie synop/model, Bielany synop/-model

Figure 8: Wind lass frequeny distribution for 06 hour. From left: Ok�ie synop/model, Bielany synop/-modelMonthly average wind speeds of 06 and 18 hour are similar in nature. In some months, we notie higher valueof wind speeds for the 06 hours and the other for 18 hours. Therefore, to follow runs in individual wind speedlasses only hours of 06 and 12 were seleted (Fig 7,8). The general harater of individual lasses of windfrequeny from the 12 hour is similar for Ok�ie station and COSMO model.The lasses for higher wind speed (5.7-8.8 m/s) are signi�antly lower in the model (around 15%), whereasthree lower wind speed lasses from (0.5 to 5.7 m/s) are higher in the model (about 5% in eah of theselasses). At the station Bielany wind lass frequeny distribution from the 12 hour is ompletely di�erentbetween model and the observations (Fig 7).In model, the most numerous lass is (3.6-5.7 m/s), whih aounts for over 40% of ases, while at the stationthe most numerous lass is (0.5-2,1 m/s) whih aounts for over 60% of wind speed ases. The model forstation Ok�ie predits for the lasses (3.6-8.8 m/s) wind speeds lower than observed, while for the stationBielany the wind lasses (2.1-8.8 m/s) have signi�antly higher speed than the observed one.
COSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 21

Figure 9: Mean monthly observation wind speed from 6,12,18 hours: Bielany,top/bottom station- modelduring the 2015 yearIn the ourse of annual wind speeds from three terms (Fig. 9) at the station Warsaw-Bielany, the highestwind speeds we observe for the ase of 12 hours, while the speed from hours 06 and 18 are smaller and havesimilar values to eah other. The greatest di�erenes in the ourse of the day between the hours of 12 and06 and 18 are observed in July and the smallest in January, where the wind speeds during the day are verylose to eah other.At the station Bielany we notie the lower wind speeds in the warm season from May to Otober (exept for 12hours in July), while higher wind speeds in the old season from November to April. Comparing observationaldata with data from COSMO model we notie a higher wind speeds in model than observed at the stationwith a learly dominant speeds from 12 hours.

Figure 10: Mean monthly model wind speed from 6,12,18 hours: Ok�ie, top/bottom synop-model during2015 year

COSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 22At the station Warsaw-Ok�ie SYNOP data don't mark learly the annual ourse (Fig.10) Wind speeds from12 hour are dominant and their typial values for all months exeeds 4m/s. The exeption is January wherethe di�erene in speeds between 06,12,18 hours are minimal and the highest wind speed is observed at 18hour. The highest diurnal wind speed ourred in the month of April with a maximum 6 m/s for 12 hourase, and in January. The yearly veloity distribution in the 06,12,18 hours is di�erent. The model foreastsin general underestimate the observations, whih is well-preserved harater of daily run.

Figure 11: Calm wind frequeny from 6,12,18 hours: top Bielany/bottom Ok�ie in 2015 yearFigure 11 shows the alm wind frequeny at the stations Bielany and Ok�ie in seleted hours of the day. Atthe station Ok�ie of 12 hours there is no single ase of alm wind in any month. For a few months in thesummer and winter there was no alm wind at 06. In August there were no alm winds for any term duringthe day. Muh more alm winds is observed at the station Bielany. In the months Marh and April alm windis observed in all 06,12,18 hours. Minimum amount of alm winds we observe during the winter and maximumduring the spring. In the COSMO model (tab.1,2) alm winds pratially are not predited very often (lessthan 1%) and are inluded in the lowest lass of wind speed.

Figure 12: Seasonal wind roses: from Deember 2014 to November 2015 top, Ok�ie synop , bottom Ok�iemodelBy analyzing the seasonal wind speed at the station Ok�ie (Fig.12) we see the dominane of typial westernirulation. However, in the individual seasons of 2015 there are observable di�erenes in the �ow diretion. Inthe winter and spring (DJF, MAM) there are southern wind omponents, whereas at the end of summer (JJA)and autumn (SON) there are periods with a predominane of eastern and south-eastern winds. The modelshows smaller wind speeds than the observed and a greater spread of wind diretions.The best ompatibilityCOSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Interpretation and Appliations 23Table 3: Seasonal average wind speed and alm wind,Ok�ie 2015Season DJF MAM JJA SONavg. wind speed (m/s) synop 3.79 3.71 3.27 3.57avg. wind speed (m/s) model 3.29 2.90 2.66 2.90alm wind (%) synop 6.25 7.86 3.81 4.67alm wind (%) model 0.69 0.18 0.36 0.05of wind diretions is during the autumn (SON).In winter (DJF) diretional dispersion in the model omes from the west to the south and for spring fromthe south-west to north-west. The highest amplitude of seasonal wind speeds is during winter (DJF) andthe lowest in summer (JJA) (Tab.2). The model generated wind speed are for the whole season smaller thanobserved.The lowest wind speed di�erenes between observations and model are in winter (DJF) and the highest inspring (MAM). By analyzing alm winds, we see that in the model they are pratially not existent. In theobservation at the station Ok�ie alm winds have higher values in winter (DJF) and spring (MAM) thanin summer (JJA) and autumn (SON). In the spring, the amount of alm wind maximal and reahing almost8%.SummaryThe aim of our work is to assess usability of model generated wind data for the idea of Smart Cities toexploit renewable energy of wind in urban areas, and possibly its e�et on the boundary later dispersion andredution of smog. Wind speed in Warsaw is su�ient for the installation of modern wind turbines for theprodution of renewable energy in the ity. We ompared two stations of whih Ok�ie an be treated as asuburban station while Bielany as a station in the ity enter. We observe a lear in�uene of the ity onreduing wind speeds and hanging wind diretions related to the ity infrastruture and the Vistula river.Three hours (06,12,18) were seleted from the station Ok�ie for omparison with the data at the station inBielany. Data from 3 hour average were ompared with 24 hour averages at the station Ok�ie resulting invery small di�erenes of wind speeds and diretions.Numerial model foreasts were also ompared with observational data with the major di�erene being a lakof the alm winds in the model foreast. At the station Ok�ie model wind diretions are more sattered andhave lower amplitude of wind speed, but distribution in eah lass shows a large similarity with observations.For the station Bielany model predits muh higher wind speed than the observed and numerial foreast didnot re�et properly the wind diretion. The further researh will be ontinued with the diret implementationof urban e�ets within the TERRA-URB parametrization implemented the COSMO model.Referenes[1℄ Lakes environmental software WRPLOT View https://www.weblakes.om/produts/wrplot/[2℄ Starosta K.,and Wyszogrodzki A.: Assessment of model generated wind energy potential In Poland.COSMO News Letter No.16
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5 Working Group on Veri�ation and Case Studies 24
COMPARATIVE EVALUATION OF WEATHER FORECASTS FROM
THE COSMO, ALARO AND ECMWF NUMERICAL MODELS FOR

ROMANIAN TERRITORYRodia Claudia DUMITRACHE1, Simona TA�CU1, Amalia IRIZA1, Mirela PIETRI�I1,2,Mihaela BOGDAN1, Alexandra CR�CIUN1, Bogdan Alexandru MACO1,3, Cosmin D nuµBARBU1, Tudor B�L�CESCU1, Simona BRICEAG1, Ralua IORDACHE11 National Meteorologial Administration, Buharest, Romania 2 University of Buharest, Faultyof Physis 3 University of Buharest, Faulty of Geography, Buharest, Romaniarodia.dumitrahe�meteoromania.ro1 IntrodutionThe aim of this study is to assess the performane of the COSMO and ALARO limited are models and theECMWF global model for Romanian territory.For this purpose, we use the numerial foreasts of the COSMO model integrated for the operational domainovering the entire Romanian territory (�gure 1) at 7 km horizontal resolution (201x177 grid points), with40 vertial levels. The initial and lateral boundary onditions for the COSMO model are given by the ICONglobal model.The ALARO limited area model is also integrated operationally for a domain overing the entire Romanianterritory (�gure 1) at 6.5 km horizontal resolution (240x240 grid points), with 60 vertial levels. The initialand lateral boundary onditions for the COSMO model are taken from the ARPEGE global model.For the present omparative evaluation we also take into aount the numerial weather foreasts of theECMWF model available for the Romanian territory (interpolated at roughly 10 km horizontal resolution).

(a) (b) ()Figure 1: Integration domains and assoiated topography height of COSMO (a), ALARO (b) and ECMWF() for Romanian territory.
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5 Working Group on Veri�ation and Case Studies 252 Case StudyThe performane of the 00UTC runs from the three models for Romanian territory was analyzed for threeonseutive seasons: DJF (Deember 2015 � February 2016), MAM (Marh 2016 � May 2016) and JJA(June 2016 � August 2016). The veri�ation of the models was performed taking into aount all SYNOPobservations available for Romanian territory (160 stations). All available SYNOP observations (in BUFRformat), as well as numerial weather foreasts and orresponding topography �les for eah of the three models(in GRIB1 format) were uploaded into the VERSUS system, whih was used for this omparative evaluation.Statistial sores were omputed for 2 meter temperature, pressure redued to mean sea level, 10 meter windspeed and 6-hour umulated preipitation.2 meter temperature, pressure redued to mean sea level and 10 meter wind speed were ingested into theVERSUS system using the nearest grid point optimized method (1), while mean values on a 15 km radiusmethod (6) was used to ingest umulated preipitation. ME (mean error) and RMSE (root mean squarederror) were omputed for ontinuous parameters, along with satter plots. Dihotomi sores POD (probabilityof detetion), FAR (false alarm rate), PC and ETS (equitable threat sore) were used to evaluate hourspreipitation for di�erent thresholds, along with performane diagrams.

(a) (b)

()Figure 2: 2 meter air temperature, ME and RMSE - COSMO-7km (red); ALARO (blak) and ECMWF(blue): DJF (a), MAM (b) and JJA ()
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5 Working Group on Veri�ation and Case Studies 26For 2 meter temperature (�gure 2), both the COSMO and the ECMWF models display the same sistematibehaviour for all three analyzed seasons. The general tendeny of the two models is to underestimate foreastedvalues during the day, while overestimating during night time, omparred to observations. While ME valuesfor COSMO and ECMWF (for Romanian territory) are omparable, lower RMSE values from the COSMOmodel for the entire period of interest suggest a better performane than the ECMWF model in foreastingthis parameter.The ALARO model integrated for Romanian territory strongly underestimates this parameter during winterand overestimates its values during summer. Although the ALARO model displays the smallest ME valuesfrom the MAM season, higher RMSE values suggest a larger amplitude of errors ompared to the other twomodels.

(a) (b)

()Figure 3: Pressure redued to mean sea level, ME and RMSE - COSMO-7km (red); ALARO (blak) andECMWF (blue): DJF (a), MAM (b) and JJA ()
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5 Working Group on Veri�ation and Case Studies 27ME values for mean sea level pressure from the COSMO model show again a sistemati behaviour for allthree seasons (�gure 3). The general tendeny of the model is to underestimate the values for this parameterwith up to 1 hPa ompared to the synopti observations, espeially for the MAM and JJA seaons. Slightlyredued errors an be observed for the DJF season. However, for most of the DJF and MAM seasons, theCOSMO model integrated for Romanian territory displays the highest amplitude of errors, quanti�able bythe larger RMSE values, ompared to the other two numerial models.The genral tendeny of the ALARO model integrated for Romanian territory is to slightly overestimate theforeasted values for mean sea level pressure during winter (DJF) and spring (MAM), while for the summerperiod (JJA), the tendeny of the model is to underestimate this parameter after the �rst day, omparedto the observations. RMSE values for the DJF, MAM and JJA seasons suggest that the ALARO model hasa smaller amplitude of errors ompared to the COSMO and ECMWF models. Finally, the ECMWF modeldisplays the overall tendeny of underestimating the values for pressure redued to mean sea level, and hasthe largest mean errors from the three models.

(a) (b)

()Figure 4: 10 meter wind speed, ME and RMSE - COSMO-7km (red); ALARO (blak) and ECMWF (blue):DJF (a), MAM (b) and JJA ()

COSMO Newsletter No. 17: July 2017 www.osmo-model.org



5 Working Group on Veri�ation and Case Studies 28All three models display high auray in foreasting 10 meter wind speed, with mean errors between -0.5m/s and 0.5 m/s and a redued amplitude of errors, espeially for the summer period (�gure 4). Comparablevalues for ME and RMSE are obtained for the entire foreast period, suggesting that the models o�er agood estimation of this parameter even with up to 78 hours antiipation. Similar to the foreast for 2 metertemperatures and pressure redued to mean sea level, the COSMO model displays a sistemati behaviourfor all seasons; exept for the �rst step (+0), 10 meter wind speed values are always slightly overestimatedompared to the observations (with up to 0.5 m/s), for the entire period of interest. Although ME values forthe ALARO and ECMWF models seem slightly lower, espeially for the JJA season, these two models do noexhibit the same sistemati behaviour for all the seasons, as is the ase of the COSMO model.The limited area models COSMO and ALARO integrated for Romanian territory display a higher aurayin foreasting 6-hour umulated preipitation than the global ECMWF model. The sores presented in �gures5-7 were omputed for 6-hour umulated preipitation over 0.2 mm. The highest probability of detetion forthe two limited area models are obtained for the winter season (up to 0.8 - 0.9), while the lowest results forPOD are obtained during the onvetive season (JJA). This suggests that roughly 3/4 of the observed rainevents are estimated orretly for the winter season (�gure 5), while the ratio an drop up to 2/4 for thesummer, with a slight worsening during the last hours of foreast, for all three seasons. For the spring seasonand espeially for the summer season, it an be notied that the COSMO and ALARO models integratedfor Romanian territory display a better ability in apturing the rain events during the day, while POD dropsduring night time (�gures 6 and 7). This behaviour is also notieable for the ECMWF model, during theonvetive season (JJA).

(a) (b)

() (d)Figure 5: 6-hour umulated preipitation for DJF - COSMO-7km (red); ALARO (blak) and ECMWF(blue): POD (a), FAR (b), PC () and ETS (d)
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5 Working Group on Veri�ation and Case Studies 29The FAR results omputed for ECMWF foreasts suggest that the model tends to overpredit the oureneof rain for all three seasons, while for the COSMO and ALARO models in roughly up to 1/3 � 1/2 of the ofthe foreast rain events, rain was not observed. Similar to the ase of POD, the FAR sore also shows a slightworsening in the foreast of this parameter for the last antiipations. Finally, the ETS values for the COSMOand ALARO models suggest that roughly half of the observed rain events were foreasted orretly.

(a) (b)

() (d)Figure 6: 6-hour umulated preipitation for MAM - COSMO-7km (red); ALARO (blak) and ECMWF(blue): POD (a), FAR (b), PC () and ETS (d)
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5 Working Group on Veri�ation and Case Studies 30

(a) (b)

() (d)Figure 7: 6-hour umulated preipitation for JJA - COSMO-7km (red); ALARO (blak) and ECMWF(blue): POD (a), FAR (b), PC () and ETS (d)Referenes[1℄ http://www2.osmo-model.org/ontent/model/doumentation/ore/default.htm[2℄ http://www.nrm-game-meteo.fr/aladin/[3℄ http://www.rlae.eu/[4℄ http://www.rlae.eu/[5℄ http://www.meteoam.it/
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4 Working Group on Implementation and Referene Version 31
Running the COSMO model on unusual hardware architectures - part 2Davide CesariArpae-SIMC, Bologna, Italy1 IntrodutionIn a previous paper [1℄ it was shown how it is possible to run a omplex numerial ode suh as the COSMOmodel on a small devie designed for a ompletely di�erent purpose: a home satellite TV reeiver running theLinux operating system. In this paper a similar test is performed on an even smaller and heaper �thoughmore powerful� devie, the Raspberry Pi single-board omputer.2 Charateristis of the devieThe Raspberry Pi is a general-purpose omputer on a very small board, measuring only 85x56mm2. It has aproessor belonging to the ARM arhiteture, the one used by most of the smartphones today available onthe market. The devie used for the test is the Raspberry Pi 3 model B, the latest and most powerful modelavailable at the moment, having a quad-ore Broadom proessor with a GPU (Graphial Proessing Unit)and 1 GB of memory. The board is also equipped, among the others, with wired and wireless network links,USB onnetions, video and audio output and SD ard mass storage, whih make it qualitatively omparableto an usual desktop or server omputer.This board is very popular among hobbyists for projets integrating external sensors and ative devies witha powerful and easily programmable CPU, however, thanks to its omputing power, it is perfetly suitablefor traditional �number-runhing� appliations. The o�ial website is http://www.raspberrypi.org.The most ommon operating system for the Raspberry Pi is a full version of Debian GNU-Linux, whih,together with 1 GB of RAM, makes the question �is it possible to run the COSMO model on it?� super�uous.The prie of this board is around 35 Euros, thus making it one of the heapest devies apable of running theCOSMO model.3 Preparation of the sequential testIn order to make a lean omparison with the results previously obtained, the same version of the ompiler andof the COSMO model used in the previous tests, GNU gfortran 4.9.2 and COSMO version 5.00 respetively,have been used for the present work.As shown in the previous paper on this subjet, a viable way to produe an exeutable for suh an arhitetureis ross-ompiling on a desktop omputer, i.e. generating the binary exeutable for the devie on a omputerhaving a di�erent arhiteture and a speial version of the ompiler. This avoids the trouble of installing theomplete ompiler suite on the devie and allows also to irumvent a possible unsuitability of the devie toperform a full optimising ompilation, e.g. due to lak of memory.For ompiling a sequential version of the COSMO ode, the same instrutions indiated in the previous paperhave been followed. Due to the use of an ARM instead of a MIPS arhiteture on the devie, the ross-ompilerinstallation ommands wee modi�ed aordingly:dpkg --add-arhiteture armhfapt-get updateapt-get install rossbuild-essential-armhfapt-get install gfortran-arm-linux-gnueabihfAfter this step, the ommands for ompiling, linking and generating libraries for the Raspberry Pi are theusual ommands suh as gfortran, g, ar, et. pre�xed by the string arm-linux-gnueabihf-.COSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Implementation and Referene Version 32Also the setup of the sequential (single proess, non-MPI) test ase was the same used in the previous paper:a 3-dimensional idealised ase of a rising warm bubble, implemented into COSMO by Ulrih Blahak [2℄, on a
21 × 21 × 40 point grid with an horizontal step of 2km and a time step of 12s.4 Performing the test

Figure 1: The Raspberry Pi onneted to a huge sreen, aught while running the COSMO model.The test is performed by simply opying the exeutable and the namelists to the devie onneted to thenetwork and by logging in to the devie and running the COSMO model as usual. Sine the Raspberry Pi,unlike the devies used in the previous paper, an have a onsole on the onneted keyboard and monitor,the proess of running the model on it an have a more exiting visual feedbak on the sreen as shown inthe photo at �gure 1.5 Results of the sequential testTable 1 summarises the results of the sequential test in terms of total wall-lok time required for one hourof foreast with the on�guration desribed, as reported in the YUTIMING �le. The table shows also theresults obtained on the previously tested MIPS platforms as well as the results on a state of the art HPComputing node (prie ≈2000 EUR) using a single proessing ore.These results show that the Raspberry Pi lies logarithmially in the middle between the weak MIPS TVreeiver tested in the previous work and the HPC omputing node.
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4 Working Group on Implementation and Referene Version 33Platform wall lok time (s)Raspberry Pi 3B 139Gigablue 800 UE 1111Gigablue 800 SEplus 28649HPC omputing node 12Table 1: Summary of the sequential tests performed, inluding the old results.6 Parallel MPI testsSine the Raspberry Pi has a proessor with multiple omputing ores and muh more memory than theMIPS devies previously tested, a seond and more interesting test with an MPI version of the ode has beenset up. This parallel version of the ode an simultaneously run on two or more of the available ores and theparallel proesses ommuniate through the shared memory.The ompilation of the MPI version of the COSMO model has also been performed as ross-ompilation onan external host with a di�erent arhiteture, this time generating a dynamial exeutable linking sharedlibraries. However, sine the MPI software involves not just linking with additional libraries, but also a moreomplex ompilation and runtime environment, the ross-ompilation proess did not work as leanly asbefore, but it required some dirty triks and hand orretions, so it is not desribed here.Anyway, thanks to the relatively powerful hardware for the devie under test and the availability of a ompleteoperating system on it, it is perfetly feasible to ompile the COSMO model with MPI support diretly onthe devie, in the same way as it is usually ompiled on a workstation or HPC login node.Initially, the same test introdued before has been performed with the MPI version of the COSMO model,using from one to all of the four omputing ores available. For omparison, the same test has been performedon the HPC node already used for the sequential test, using all the available proessors/ores. The resultsare shown in table 2.Platform MPI proesses and geometry wall lok time (s)Raspberry Pi 3B 1× 1 138Raspberry Pi 3B 1× 2 98Raspberry Pi 3B 1× 3 89Raspberry Pi 3B 1× 4 92Raspberry Pi 3B 2× 2 99HPC omputing node 1× 12 5.4Table 2: Summary of the �rst parallel test performed.This proves that the COSMO model with the setup desribed above shows some parallel saling apabilityon the Raspberry Pi, but it an hardly pro�t of the third omputing ore, not ounting the fourth.It an also be noted that the MPI version does not introdue extra overhead with respet to the sequential(so-alled �dummy MPI�) version of the ode, when run as a single MPI proess.Due to the partially unsatisfatory saling, a more hallenging setup has been prepared, by doubling thenumber of grid points on either diretion (41 × 41 × 40) while keeping the same spae resolution and timestep. The temperature disturbane (�bubble�) has been kept of the same size in the enter of the enlargeddomain.The saling results of this seond experiment are shown in table 3.Finally, another test, after further doubling the domain size on x and y diretions, has been performed, whoseresults are shown in table 4.These two tests show that with a more suitable domain size, the strong saling of the COSMO ode on thedevie under test is signi�antly better and all the four ores an give a positive ontribution to the redutionof the time to solution.COSMO Newsletter No. 17: July 2017 www.osmo-model.org



4 Working Group on Implementation and Referene Version 34Platform MPI proesses and geometry wall lok time (s)Raspberry Pi 3B 1× 1 677Raspberry Pi 3B 1× 2 388Raspberry Pi 3B 1× 3 321Raspberry Pi 3B 1× 4 308Raspberry Pi 3B 2× 2 323HPC omputing node 1× 12 15Table 3: Summary of the seond parallel test performed.Platform MPI proesses and geometry wall lok time (s)Raspberry Pi 3B 1× 1 3012Raspberry Pi 3B 1× 2 1713Raspberry Pi 3B 1× 3 1341Raspberry Pi 3B 1× 4 1230HPC omputing node 1× 12 48Table 4: Summary of the third parallel test performed.7 ConlusionsUnlike the results presented in the previous paper, these results show that the arhiteture under test anompete with an HPC arhiteture in pure terms of performane per money and performane per watt.Indeed the ratio between the �gures for Raspberry Pi and a state of the art HPC node an be estimated tobe approximately 1/60 for the prie, 1/40 for the power onsumption and 1/25 for the performane (of oursereferred to the COSMO model), thus with a little advantage for the Raspberry. Of ourse, due to the hugenumber of nodes that would be required, it is not feasible to employ suh an arhiteture as it is for realparallel omputing, but these results show that it is worth exploring this diretion.Referenes[1℄ Cesari, D., 2016: Running the COSMO model on unusual hardware ar-hitetures. COSMO Newsletter no.16 Available online http://osmo-model.org/ontent/model/doumentation/newsLetters/newsLetter16/default.htm[2℄ Blahak, U., 2015: Simulating idealized ases with the COSMO-model. Available onlinehttp://www.osmo-model.org/ontent/model/doumentation/ore/artif_dou.pdf, 48pp.
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5 Preditability and Ensemble Methods 35
Experiments with stochastic perturbation of physical tendencies in

COSMO-Ru2-EPSDMITRY ALFEROV AND ELENA ASTAKHOVAHydrometenter of Russia, Roshydromet, Mosow, RussiaAbstratThe experiments with the sheme of stohasti perturbation of physial tendenies (SPPT) were arriedout using the COSMO-Ru2-EPS ensemble predition system. Several SPPT settings were tested. Both asestudies and probabilisti veri�ations of foreast monthly series were performed.It was found that SPPT ould be useful for preipitation foreasts improving the desription of the rainloation and start, inreasing the ensemble spread in the areas of unertain foreasts, and slightly improvingthe probabilisti sores.SPPT does not add value to 2-m temperature foreasts but results in a better desription of the 2-m temper-ature distribution. It is possible to improve the skill of temperature foreasts by varying the SPPT settings.1 IntrodutionEnsemble foreasting is a ommonmethod for prediting the future state of the atmosphere and the probabilityof this state. The well-known problem of ensembles is their insu�ient spread.The RMSE of prognosti realizations with respet to the ensemble mean (the ensemble spread) and theRMSE of the ensemble mean with respet to observations should demonstrate a similar growth with foreastlead-time, but it is often not so.To inrease the ensemble spread and to get its adequate growth in time, it is neessary to allow for foreastunertainties following not only from errors in our knowledge of the initial atmospheri state (that is, frompossible errors in initial and lateral boundary onditions) but also from the model imperfetions as well asfrom errors in surfae boundary onditions.In this paper, we examine how the implementation of the sheme of stohasti perturbation of physialtendenies (SPPT) to the COSMO-Ru2-EPS system a�eted the ensemble spread and performane.
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5 Preditability and Ensemble Methods 362 Experiment setupIn our experiments, we used the COSMO-Ru2-EPS system that had been previously developed within theframework of the CORSO Priority projet (Rivin, Rozinkina, 2011). The system provided a dynamial down-saling of COSMO-S14-EPS, the Italian ensemble predition system for the Sohi-2014 Olympis.In turn, COSMO-S14-EPS was a lone of COSMO-LEPS (Montani et al., 2011) moved to the Sohi region.The systems are skethed in Fig. 1 and desribed in detail in (Montani et al., 2013, 2014).

Figure 1: Ensemble nesting for Sohi. The integration domains for COSMO-S14-EPS and COSMO-Ru2-EPSare olored blue.Both COSMO-S14-EPS and COSMO-Ru2-EPS ran operationally during the Olympi Games 2014 providingprobabilisti produts to Sohi foreasters. All observations and foreasts issued during the Olympis arestored in a speial TIGGE-LAM styled arhive (Astakhova et al., 2016) thus failitating further researh.In this study we extrated the operational COSMO-Ru2-EPS foreasts for February 2014 starting at 00 and12 UTC from the arhive and used them as a referene experiment hereafter referred to as noSPPT. Somedetails of the operational runs are summarized in Table 1.
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5 Preditability and Ensemble Methods 37Table 1: COSMO-Ru2-EPS settings for the operational Olympi runs (noSPPT experiment)Model COSMO model version 4.22Foreast area Sohi region(see Fig. 1)Grid step 2.2 kmNumber of levels 50Initial& Taken from COSMO-S14-EPSboundary onditions (COSMO-LEP reloated to the Sohi region;see Fig.1)Membership 10Foreast length 48hOutput time step 1hPhysial perturbations No perturbations(no SPPT sheme inluded)After the Olympi Games, additional experiments were arried out with COSMO-Ru2-EPS with the aim totest the SPPT sheme and to assess its e�et on the foreast spread and skill. The model resolution, theintegration domain, the foreast length, the ensemble size, as well as initial and boundary onditions werethe same as in the referene experiment noSPPT.The period from February 1 to February 28, 2014 wasonsidered.The SPPT sheme (Buizza et al., 1999) has been implemented to the COSMOmodel v.5.1. However, due to theourtesy of L. Torrisi and C. Shra�, who provided the neessary software, we ould start the experiments priorto the o�ial release of version 5.1. Therefore, the �rst experiments with the SPPT sheme at Roshydrometwere performed with version 5.0 of the COSMO model omplemented by some additional modules. Later,after the SPPT sheme had been introdued to the o�ial COSMO ode and model version 5.1 had beenreleased, we hanged to this version in our experiments. Have in mind that version 5.1 didn't di�er muhfrom version 5.0 with additional modules.There are several parameters in the SPPT sheme that govern the perturbation size and their spatiotemporalorrelations. A full desription of SPPT settings an be found in COSMO User's Guide (Shaettler et al.,2014). The goal of our experiments was not only to test SPPT with its reommended parameters but also tounderstand to whih degree the variations of these parameters (the SPPT setting) in�uene the results. Wetried the following parameters, de�ning several aspets of random number �eld generation:� the random number oarse grid distanes dlat_rn and dlon_rn;� the type of distribution of random numbers lgauss_rn;� the standard deviation of the Gaussian distribution of random numbers stdv_rn;� the upper limit imposed to the absolute value of random numbers range_rn;� the parameter showing whether the random numbers are interpolated in spae lhorint_rn and timeltimeint_rn;� number of random number patterns with di�erent orrelation sales npattern_rn;� time inrement for drawing new random number �eld hin_rn.We also tried to vary the parameter itype_qxpert_rn, showing whih hydrometeor tendenies are per-turbed, and the parameter itype_qxlim_rn, determining the type of redution/removal of the perturbationin ase of negative or supersaturated values of spei� water vapor ontent or negative other water-ontentrelated harateristis.COSMO Newsletter No. 17: July 2017 www.osmo-model.org



5 Preditability and Ensemble Methods 38The list of experiments and the orresponding SPPT settings are given in Fig.2. COSMO model v. 5.1 wasused in all experiments exept for the experiment SPPTtest whih was run with COSMO model v.5.0. Notethat the referene experiment noSPPT was based on COSMO model v.4.22.Both ase studies and veri�ation of monthly series of foreasts were arried out. The results are presentedin the next setions.3 Case studiesThe main attention was given to the ability of COSMO-Ru2-EPS to predit preipitation and 2-m temperatureover the mountain area. Two ases were analyzed, both from the list of interesting events prepared by theOlympi foreasters and reommended for thorough analysis (see Astakhova et al., 2016). The results ofexperiments SPPTtest and noSPPT were onsidered.

Figure 2: The list of experiments and the orresponding SPPT settings.COSMO Newsletter No. 17: July 2017 www.osmo-model.org



5 Preditability and Ensemble Methods 39The �rst ase was the tropospheri Foehn event on February 7, 2014. It was haraterized by higher thanusual 2-m temperature with very weak diurnal variations, low humidity, and east and southeast winds at1500�2300 m. The rise of atmospheri temperature at about 1500 m above the sea level was poorly preditedby most models from many ountries partiipating in the FROST-2014 projet (the WWRP RDP/FDPprojet devoted to the Sohi Olympis, Kiktev et al., 2014, 2017).The ensemble spread �elds obtained for this ase with and without SPPT were ompared. The interestingthing found in the di�erene of the spread �elds was that it depended on orography. Figure 3 demonstratesthe di�erene of 2-m temperature spread in 30-h foreasts with and without SPPT (experiments SPPTtestand noSPPT) (top) and the model orography (bottom). The orrelation of the �elds is obvious.The maximum inrease of the spread due to SPPT introdution was found over high mountains, the spreadover low areas (inluding sea) was also big. Meanwhile, at middle altitudes, SPPT somewhere even dereasedthe ensemble spread.The strongest inrease in the ensemble spread at high altitudes along with the fat of poor temperatureforeasts above 1500 m in this ase an be onsidered as a positive e�et of SPPT introdution (areas ofhigher spread oinided with the areas of less skillful foreast).

Figure 3: Left panel: The di�erene of 2-m temperature ensemble spread in experiments with and withoutSPPT (SPPTtest minus noSPPT). 30-h foreast starting at 00 UTC on February 6, 2014. Right panel:model orography.We also onsidered a heavy preipitation event on February 18, 2014. The �elds of predited probabilities ofthe rain ourrene (rain exeeding 0.1 mm in 3 h) and of intense preipitation (more than 10 mm of rain in3 h) in experiments SPPTtest and noSPPT were ompared to METEOSAT data (not shown).The omparison demonstrated that the system with SPPT was more skillful in prediting the time when itstarted raining. Also less false heavy rain areas and more atual peaks were predited in the SPPTtest ex-periment. However, the loation of maximum preipitation was better desribed in the noSPPT experiment.4 Veri�ation resultsWe used the results of SPPTtest and noSPPT experiments as well as the results of �ve more experimentswith various SPPT settings (see Fig.2) in the veri�ation exerise. The onsidered period was 1�28 February2014. The foreasts were issued twie a day starting from 00 and 12 UTC analyses; the foreast lengthwas 48 hours. No separation by the initial foreast time was made, thus we used a series of 56 foreasts inomputations.The veri�ation was performed for three meteorologial �elds: 3-hour total preipitation sum (Rsum), 2-mair temperature (T2m) and 10-m wind speed. The following three ensemble foreast sores were onsidered:the Brier sore (BS), the Brier skill sore (BSS) and the area under the ROC urve (ROCA). (It's worthreminding here that the perfet sores are BS=0, BSS=1, ROCA=1).The veri�ation was made against observations of 31 meteorologial stations in the Sohi region (see Figure.COSMO Newsletter No. 17: July 2017 www.osmo-model.org



5 Preditability and Ensemble Methods 404). R-based utilities developed and kindly provided by A. Muravev were applied.

Figure 4: Stations used for veri�ation (see the FROST-2014 projet website http://frost2014.meteoinfo.ru/for details) .The resulting sores are presented in Figures.5-6.It was nie to see that the introdution of SPPT did not result in the preipitation foreast degradation.Figure 5 demonstrates BS, BSS and ROCA as funtions of foreast lead-time for the events �3-h preipitationis greater than 0.1 mm/3h, 1 mm/3h, and 5 mm/3h� for all experiments listed in Fig 2.The sores for di�erent experiments are very lose. However, for higher thresholds (Rsum > 1 mm/3h and
Rsum > 5 mm/3h) the SPPTtest experiment gives the best results. Note that intense preipitation (R_sum> 5 mm/3h) is predited badly in all experiments (BSS is low, even below zero for some lead-times). It isprobably related to insu�ient statistis, suh events were rather rare during the period onsidered.
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5 Preditability and Ensemble Methods 41

(a)

(b)

()Figure 5: Veri�ation sores as funtions of foreast lead-time for the events �3-h preipitation (Rsum) isgreater than 0.1 mm/3h (a) , 1 mm/3h (b) , and 5 mm/3h () � for all experiments listed in Fig.2. Solid line:BS, long-dashed line: BSS, dashed line: ROCA. Red lines: noSPPT, purple: SPPTtest, orange: SPPTphys,blak: SPPTintphys, green: SPPT_W, brown: SPPT_W+phys, blue: SPPT_W+intphys. February 2014; 31stations.COSMO Newsletter No. 17: July 2017 www.osmo-model.org



5 Preditability and Ensemble Methods 42The results were not so enouraging for 2-m temperature foreasts. Figure 6 demonstrates the veri�ationsores for the two events �2-m temperature is above 0°C� and �2-m temperature is above 5°C�. For the�rst event, BS and ROCA are very similar for all experiments, while BSS is slightly better for noSPPT.However, for the seond event (panel b), the situation hanges signi�antly. The sores range muh betweenthe experiments and the great diversity of results gives a hane to analyze the e�et of di�erent SPPTsettings. The experiment noSPPT is learly the best for all lead times. In ontrast to preipitation foreasts,the 2-m temperature preditions are the worst for SPPTtest (violet in the plots). Analyzing the urves, wean onlude that interpolation of perturbed values in spae and time did not a�et the sores notieably.Most likely it is assoiated with too oarse perturbation grid (ompared to the model grid) used in theexperiments. Also only a small e�et followed from varying itype_qxlim_rn def, whih de�ned the type ofredution/removal of the perturbation in ase of negative or supersaturated values of water vapor ontentor negative other water-ontent related harateristis. The sores additionally suggest that not only spei�water vapor tendenies but all hydrometeor tendenies should be perturbed.

(a)

(b)Figure 6: Veri�ation sores as funtions of foreast lead-time for the events �2-m temperature is above 0°C�(a) and �2-m temperature is above 5°C� (b) for all experiments listed in Fig.2. Solid line: BS, long-dashed line:BSS, dashed line: ROCA. Red lines: noSPPT, purple: SPPTtest, orange: SPPTphys, blak: SPPTintphys,green: SPPT_W, brown: SPPT_W+phys, blue: SPPT_W+intphys. February 2014; 31 stations.
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5 Preditability and Ensemble Methods 43The importane of perturbing all humidity tendenies is on�rmed by the skill of ensemble mean foreastsobtained in di�erent experiments. In Fig. 7 the mean error (ME), the mean absolute error (MAE) and theroot-mean-square error (RMSE) of 2-m temperature ensemble mean foreasts at Krasnaya Poliana stationare presented as funtions of lead-time for all the experiments.Here we again see the prevalene of noSPPT experiment in RMSE, MAE, and ME. SPPTtest experiment, inwhih only spei� water vapor tendenies were perturbed, gave the largest errors. Perturbing all hydrometeortendenies helps to improve the sores.

Figure 7: Error graphs for T2m ensemble mean foreasts at Krasnaya Poliana station. Solid line: mean error,long-dashed: mean absolute error, dashed: RMS error. Red lines: noSPPT, purple: SPPTtest, orange: SPPT-phys, blak: SPPT_intphys, green: SPPT_W, brown: SPPT_W+phys, blue: SPPT_W+intphys. February2014.To omplete the analysis, we deided to examine distributions of observed and predited temperatures. Figure8 demonstrates the temperature distribution histograms at Krasnaya Poliana for experiments noSPPT andSPPTtest (the distributions for experiments with other SPPT settings were alike). The eyeball analysisshows that SPPT seems to make the representation of temperature distribution more aurate.

Figure 8: Comparison of T2m distribution histograms for noSPPT and SPPTtest 48-h foreasts and forobservations. February 2014.
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5 Preditability and Ensemble Methods 44Wind speed foreast sores were rather poor both with and without SPPT. SPPT did not make signi�antdi�erene. Therefore we do not present them here.5 ConlusionsThe experiments with the sheme of stohasti perturbation of physial tendenies (SPPT) were performedusing the COSMO-Ru2-EPS ensemble predition system. The initial and boundary onditions for the runswere provided by COSMO-S14-EPS, the Italian ensemble predition system developed within the framework ofthe WWRP FDP/RDP projet FROST-2014. The period 1�28 February 2014 was onsidered. The operationalforeasts issued during the Sohi Olympi Games 2014 were used as a referene. Several SPPT settings weretested. Both ase studies and probabilisti veri�ations of foreast series were performed.Case studies demonstrated that SPPT ould be useful for preipitation foreasts improving the desriptionof the rain loation and start. The analysis of 2-m temperature preditions in the tropospheri Foehn aserevealed the orrelation between the T2m ensemble spread and the model orography. Also the oinidenebetween high-spread areas and the areas of less skillful foreast was found.The probabilisti veri�ation was performed for the monthly series of COSMO-Ru2-EPS foreasts (56 intotal). Some positive e�et of using SPPT was found for preipitation foreasts, espeially for the event �3-hpreipitation is greater than 1 mm�. Variations in the SPPT settings did not in�uene the results muh. Asfor the 2-m temperature foreasts, SPPT does not improve their skill. The veri�ation sores showed ratherlarge di�erene between experiments with various SPPT settings. Judging by Brier sore, the Brier skill soreand the area under the ROC urve, the experiment without SPPT gave the best temperature foreasts.At the same time, the eyeball analysis shows that introdution of SPPT makes the predited temperaturedistribution more realisti. Therefore, SPPT did not add value to temperature foreasts, but an sometimesimprove the representation of distribution. It is possible to improve the T2m foreast by varying the SPPTsettings. For example, perturbing all hydrometeor tendenies in most ases leads to better results than per-turbing only spei� water ontent tendeny. Also inreasing the range of standard deviation for the Gaussiandistribution of random numbers and using the higher upper limit imposed to the absolute value of randomnumbers positively ontributed to the results.AknowledgmentsThe authors are grateful to Luio Torrisi and Christoph Shra� for providing additional SPPT modules forCOSMO model version 5.0, Anatoly Muravev for veri�ation software, and Andrea Montani for providinginitial-boundary onditions. The study was made within the COTEKINO and SPRED COSMO priorityprojets.Referenes[1℄ Astakhova, E., A. Montani, D. Kiktev, A. Smirnov: 2016: COSMO-based ensemble foreasting for Sohi-2014 Olympis: arhiving the results. COSMO Newsletter, No. 16, P.40-45. Available online at http :
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