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Urban wind analysis in WarsawKatarzyna Starosta, Andrzej WyszogrodzkiDepartment of COSMO Numeri
al Weather Predi
tion National Center for Meteorologi
alProte
tion Institute of Meteorology and Water Management � National Resear
h Institute.PL-01-673 Warsaw, 61 Podle±na str.katarzyna.starosta�imgw.pl; andrzej.wyszogrodzki�imgw.pl1 Introdu
tionThe population of large urban areas is growing rapidly. By 2050 it is predi
ted that two-third of global pop-ulation will be the 
ity inhabitants. As the 
ities 
onstantly grow the high-end te
hnology is being utilized tomanage urban development, whi
h leads to the 
on
ept of Smart Cities - friendly and intelligent infrastru
turefor their 
itizens.One of the key fa
tors of Smart City 
on
ept is the promotion of green energy from renewable sour
es,another important problem for 
ities is the smog and air pollution. A high quality wind 
onditions formweather fore
asting model may be ne
essary to 
al
ulate the ventilation index for the di�erent 
ity areas.The aim of this work is to provide assessment of the use of numeri
al weather predi
tion (NWP) models forwind speed and wind dire
tion fore
asting in the urban spa
e. Roughness length is an important 
on
ept inurban meteorology, a

ounting for the stru
ture and type of buildings, roads, parks and rivers within the 
ityarea. These parameters are a�e
ting meteorologi
al 
onditions as winds whi
h are the single most importantsour
e of free kineti
 energy and a major fa
tor determining the urban air quality.For further pra
ti
al use, the fore
ast data from numeri
al model COSMO at 2.8 resolution has to be veri�edwith the data from urban meteorologi
al stations. In this work we use the 2015 year data from two WMOnetwork stations lo
ated in Warsaw at Ok�
ie and Bielany. The Ok�
ie station is lo
ated at the Ok�
ie airportin the south-western suburbs of the 
ity, while the station Bielany is lo
ated in the northern part of the 
ityin the valley of the Vistula River.These lo
ations were 
hosen to a

ount for an impa
t of the 
ity stru
ture on the daily 
ourse of windspeed and wind dire
tion. Detailed 
al
ulations and analyzes of observational and COSMO wind data wereperformed for the whole 2015 year, a

ounting for the annual, seasonal, monthly and hourly wind variability.2 COSMO numeri
al weather predi
tion 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 Appli
ations 16Table 1: Operational setups of the COSMO-PL models.Horizontal Grid Spa
ing [km℄ 7 2.8Domain Size[grid points℄ 415 x 445 380 x 405Fore
ast Range [h℄ 78 12Inital Time of Model Runs[UTC℄ 00 06 12 18 1h frequen
yModel Version Run 5.01 5.01Model providing LBC date ICON COSMO PL7LBC update interval [h℄ 3h 1hData Assimilation S
heme 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 te
hnique to improve fore
ast quality. DA allows for ingesting weather data measurements - as these
arried out at SYNOP stations a
quired from the WMO/GTS network.The model is starting at 00, 06, 12, 18 UTC and produ
es 78 hour and 36 hour fore
asts respe
tively at 7and 2.8km resolutions.3 Observational networkOur studies are based on the wind speed and wind dire
tion data from the 2015 year, attained from twostations in Warsaw:� Synopti
 station Ok�
ie(24h) lo
ated on the south-west of Warsaw, within the Warszawa-Oke
ieairport.� Climatologi
al station Bielany(6,12,18 h) lo
ated 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 resear
h we have 
olle
ted data from all 24 hours of the synopti
 station Ok�
ie and from three terms(06,12,18 h) of the Bielany 
limatologi
al station from the whole 2015 year. Both stations are the multiannualnetwork WMO stations. The station Warszawa Ok�
ie is lo
ated 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.
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4 Working Group on Interpretation and Appli
ations 174 Data analysisA wind rose is a 
on
ise and illustrative produ
t showing wind speed and wind dire
tion at a 
ertain lo
ation.It provides information about the frequen
y of winds blowing at 
ertain speed ranges from the parti
ulardire
tion, as well as its time per
entage. For the sele
ted lo
ations we 
ompare wind roses generated fromNWP model with data from observational stations. Results are used both for the 
urrent meteorologi
alanalysis 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 dire
t 
omparison SYNOP observations from three terms (06,12,18 hours) at the Ok�
ie station have beensele
ted. The predominant wind dire
tion during the whole year for the station Ok�
ie is western. Surprisingly,we 
an observe very large 
onvergen
e as for the wind dire
tion and wind speed (Fig.3, Tab 2) 
al
ulated forthe 3 hour and 24 hour averages, whi
h shows how well is the data from 06,12,18 hours representative of adaily 
y
le.A di�erent distribution is observed at the station Bielany be
ause it is lo
ated in di�erent part of the 
ity,between the residential area and forest, in a 
lose proximity to the Vistula river, whi
h signi�
antly a�e
tsthe distribution of winds in this area.The winds have more s
attered dire
tions from north-west to south-east dire
tion. COSMO model resultsshow rather uniform wind speed and wind dire
tion regardless of the lo
ation whi
h indi
ates the need forimplementing more detailed parametrization of urban e�e
ts.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 twi
e 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) in
reases by 30%, while the 
lass with high wind speeds(5.7-8.8 m/s) signi�
antly redu
es 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) in
reases of about 25%, while 
lass ofvery weak winds (0.5-2.1 m/s) is redu
ed.
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4 Working Group on Interpretation and Appli
ations 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 frequen
y 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 meteorologi
al stations and the COSMO model at 2.8kmresolution . At both stations Bielany and Ok�
ie we 
an see for the observations a greater s
atter in winddire
tion than in the data 
al
ulated by the model. (Fig 5-6).Comparing the annually averaged wind speed (Fig. 5-10) we see that for Bielany, the wind speeds 
al
ulatedfrom 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 
al
ulated by the model.Comparing monthly averages for these hours we observe the highest wind speeds for 12 hours for bothobservations and model. The ex
eption 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.
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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
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Figure 7: Wind 
lass frequen
y distribution for 12 hour. From left: Ok�
ie synop/model, Bielany synop/-model

Figure 8: Wind 
lass frequen
y 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 noti
e higher valueof wind speeds for the 06 hours and the other for 18 hours. Therefore, to follow runs in individual wind speed
lasses only hours of 06 and 12 were sele
ted (Fig 7,8). The general 
hara
ter of individual 
lasses of windfrequen
y 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 ea
h of these
lasses). At the station Bielany wind 
lass frequen
y 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), whi
h a

ounts for over 40% of 
ases, while at the stationthe most numerous 
lass is (0.5-2,1 m/s) whi
h a

ounts for over 60% of wind speed 
ases. The model forstation Ok�
ie predi
ts 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.
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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 ea
h other. The greatest di�eren
es 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 very
lose to ea
h other.At the station Bielany we noti
e the lower wind speeds in the warm season from May to O
tober (ex
ept for 12hours in July), while higher wind speeds in the 
old season from November to April. Comparing observationaldata with data from COSMO model we noti
e 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
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4 Working Group on Interpretation and Appli
ations 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 typi
al values for all months ex
eeds 4m/s. The ex
eption is January wherethe di�eren
e in speeds between 06,12,18 hours are minimal and the highest wind speed is observed at 18hour. The highest diurnal wind speed o

urred in the month of April with a maximum 6 m/s for 12 hour
ase, and in January. The yearly velo
ity distribution in the 06,12,18 hours is di�erent. The model fore
astsin general underestimate the observations, whi
h is well-preserved 
hara
ter of daily run.

Figure 11: Calm wind frequen
y from 6,12,18 hours: top Bielany/bottom Ok�
ie in 2015 yearFigure 11 shows the 
alm wind frequen
y at the stations Bielany and Ok�
ie in sele
ted 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. Mu
h more 
alm winds is observed at the station Bielany. In the months Mar
h 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 pra
ti
ally are not predi
ted very often (lessthan 1%) and are in
luded in the lowest 
lass of wind speed.

Figure 12: Seasonal wind roses: from De
ember 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 dominan
e of typi
al western
ir
ulation. However, in the individual seasons of 2015 there are observable di�eren
es in the �ow dire
tion. 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 predominan
e of eastern and south-eastern winds. The modelshows smaller wind speeds than the observed and a greater spread of wind dire
tions.The best 
ompatibilityCOSMO Newsletter No. 17: July 2017 www.
osmo-model.org



4 Working Group on Interpretation and Appli
ations 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 2.90
alm wind (%) synop 6.25 7.86 3.81 4.67
alm wind (%) model 0.69 0.18 0.36 0.05of wind dire
tions is during the autumn (SON).In winter (DJF) dire
tional 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�eren
es 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 pra
ti
ally 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 rea
hing 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�e
t on the boundary later dispersion andredu
tion of smog. Wind speed in Warsaw is su�
ient for the installation of modern wind turbines for theprodu
tion of renewable energy in the 
ity. We 
ompared two stations of whi
h Ok�
ie 
an be treated as asuburban station while Bielany as a station in the 
ity 
enter. We observe a 
lear in�uen
e of the 
ity onredu
ing wind speeds and 
hanging wind dire
tions related to the 
ity infrastru
ture and the Vistula river.Three hours (06,12,18) were sele
ted 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�eren
es of wind speeds and dire
tions.Numeri
al model fore
asts were also 
ompared with observational data with the major di�eren
e being a la
kof the 
alm winds in the model fore
ast. At the station Ok�
ie model wind dire
tions are more s
attered andhave lower amplitude of wind speed, but distribution in ea
h 
lass shows a large similarity with observations.For the station Bielany model predi
ts mu
h higher wind speed than the observed and numeri
al fore
ast didnot re�e
t properly the wind dire
tion. The further resear
h will be 
ontinued with the dire
t implementationof urban e�e
ts within the TERRA-URB parametrization implemented the COSMO model.Referen
es[1℄ Lakes environmental software WRPLOT View https://www.weblakes.
om/produ
ts/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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