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ABSTRACT

EFFECTS OF NUMERICAL WEATHER PREDICTIONS
ON WIND POWER FORECASTS

l kék ¢etin, Kr em
M.S., Department of Earth System Science
Supervisor: Prof . Dr . Ksmail Y
CoSupervisor: Prof . Dr . Ramazan

June 2018, 83 pages

Wind energy investments are rapidly increasing in Tyrkehe prediction of the
electrical power generated from the wind is also gaining importance in this field
because of the complexity of meteorological parameter wind. In this context, Wind
Energy Monitoring and Forecasting Center (RITM) project has betatéd within

the scope of the General Directorate of Renewable Energy (YEGM), in 2010. The final
hourly wind energy predictions are generated by using the combination of the
production data from Wind Power Plants and different numerical weather pradictio
models with this project. In this Thesis Study, 6 Wind Power Plants are selected
according to their high wind potential and their terrain structure (complex or flat) from
3 geographical regions (Marmara, Mediterranean, Aegean) in Turkey. The terrain
structures of Wind Power Plants are determined by using Geographical Information

System Models which give two maps: digital elevation and roughness.

The long term (31 year) observed wind speed data of the wind power plants from each
region are compared thi 3 different Meso Scale Numerical Weather Forecast Model
(ECMWEF, GFS, ALADIN) outputs and final wind power predictions which mean a

combination of RITM power forecast system, compared to actual energy productions.

The analyses are made for diurnal, seas monthly basis and different grid points



that belongs to each NWP model. Obtained results which is determined by using
RMSE, bias and Correlation Coefficients for each time scales are used for determining
best grid points for each model. This studysito compare the performance of each
Numerical Weather Prediction Models in the RITM system which has different terrain
and climate structures, at different time scales and at different energy thresholds. In
addition to numerical weather prediction anay3Jurkish Electricity Market prices
according to Renewable Energy Supporting Mechanism and Day Ahead Market Prices
have also been calculated for 6 wind power plants in this study in order to research
effects of wind power forecasts to the income and etgkces. It is foreseen that the
study will research and analyze the performance of different numerical weather
forecasts in the wind forecasting system of different climate and terrain conditions and
importance of wind power forecasts in electricity kedr

Keywords: Wind power, short term wind power forecast, numerical weather
prediction, renewable energy
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SAYlI SAL HAVA TAHMKNEARKANNKENRIK TAHMKNLERK
ETKKLERK

l kék ¢etin, Kr em
Y¢é¢ksek Lisans. , Yer Sistem Bil i ml
Tez Y°neticisi: Prof . Dr . Ks mai
Ortak Tez Y©°neticisi: Prof . Dr . I

Haziran2018,183 sayfa

''lekmi zde r¢zgar enerji si yat éreéeml aré hez
parametre olan r¢zg©rdan ¢retilen el ekt
kazanmaktader. Bu kapsamda 2010 yeél énda
(YEGM) b¢nyeasn nKzel kpe v KITWMa hp o) eMeir kleaw | &
Bu proje ile rg¢zgar santrallerine ait é
model | er i kull anél ar ak b u model | erin k o
cretil mektedirda Byrtke z edalleé bmd uenran r ¢zga
farkl é& i klim durumlaréna sahip 3 cojrafi
arazi yapéséna g°re kompleks ve d¢z araz
Enerji si Santrbhlersp-atmrktyapélSanérhir
yazéel éméndan pe¢rezl el ¢k ve digital y ¢ ksel
bir b°l geden se-il en-4s aynétlirlaelkl)e r KRMEtuiznu nv e
sistemindeki 3i faake alOrkHav & | FTaekmi n Mode
ALADI N) girdil eri sonucu ¢retil &®AMTr ¢zgar
tahminl eri sonucu el de edilen nihai gé -

karkeéel akt érel mekt ér . eHar kgélnakitke rvrea | aa a talyi

grid noktalare i-in yapeéel méxteér.
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Her Dbir zaman dil i roiasvekein @l aepgamp| lhattsna RMSE&ErL é n

edilen sonu-Ilar her modele ait en iyl gri di
RITM sistemindek her bir Sayeésal Hava Tahmin Model
yapél aréenda, farkl e mevsi msel d°neml erde Ve
bakar él ar éneén karkel adsageshmasiavamat &lamimak
analizlerine il aazhemionllaerra kn,i nr ¢gzegarr gvée- pti yase
etkilerimni arakteéermak amaceyl a bu -al ekmad:
Yenil enebilir Enerj i Kaynakl ar éene Destekl em
piyasadan kazandeéekl| arméwgtedliadma ii ldee faayrrkelcéa s
hava tahmin verilerinin farklé i1 klim ve araz

performansénénr az@axrn ér @hmaskEervienanaliz pi yasadalk

edil mesi °ng°°r¢l mektedir.

Anaht ar Kel iemafisi,keers.a Rgzmgeamt mbhg ad eemer jsiay é€s al

tahmini, yenilenebilir ener;ji
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CHAPTER 1

1. INTRODUCTI ON

Increasing C@emissiondeadto Climate Change and especiaillythe last decades,
government policiehave started to changen order toreduceGreen Hose Gas
emissions. Researcheand technological devgdments show that canalizing
renewables instead of fossil fuedse apt todecrease COemissions. Theeport of
IPCC: Renewable Energy Sourcasd Climate Change Mitigatiomdvisethat for
decreasingGHG emissions Wind Energy has important potential and smaller
environmetal footprint when compared tiher resourcedn addition many studies
have investigatednddifferentscenarios for a long term have been evaluated by IPCC
ard it is agreed that wind energy will hagegreat role in the future t@duceGHG
emissions. If it is thoughhatnot only eectricity supply andlemand but also Gand
GHG emissions willincreasein the near futurelntegrating renewables to the
traditional gridsis difficult because othe unavailabilityof theresourcd1].

It is estimated thatvind energy will be significant for many countries in the future
since the current electricity systemdepend mostlyon conventionh power plants
There are big differences between wind #meke otheresources. fie unificationof

wind into thetraditional electricity systemsrequiresmore significant disputef?].
However, wind energy share in the electricity marketsamatically increasing both

in the World and in Turkey. Figure 1.1 shows the Total Installed Capacity of the World
and Turkeythat increased rapidly from 2012 to 20[B]. Today, Turkey's installed
wind power capacity is approximately 6872AMby the end oR017 [4]. Besides,
Turkey's total installed energy capacity is 83275 MW and the share of wind energy is
approximately % 8 of total installed capadibj. The installed capacity of the wind
energy has started to increase dramatically in the last decade similarly to the world

trends. According to Electricity Energy Market and Security of Supply Strategy



Document, Turkey aims to reach to 20000 MW installed wind energy capacity in 2023
[6].
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Figurel.1 World and Turkeywind Energy Growth between 2042d2017[3], [4]

Integration of wind energy to thalectricity systens has tobe take into account for
trustworthyand economic grid management due to the nature of wind. According to

IPCC SpeciaReport these three challengbsve to be consideredor integration:

i Regional wind resource effects and effects of wind resource over not only

continental wind power plants but also offshore wind power plants transmission

i Instable wind energy production on a different time scale
1 High error rate on forecasting wind power output compared to other energy
resources

Wind farms that is locateid several differentocatiors effects the instability of wind

energy. It means if the wind farms are far away from each ,atheill be expected



that their production relabnship could not be so relevarBesides,longer time
variability could have moreredictableoutput thara shortertime variability. In order

to manage reliable and more economical elettassmissionwind resourcehas to

be determind by usingmodern simulatiomodels[1].

Short termwind power forecasts which matte dayahead markets are significdat
stakeholders of wind power systerBetter forecasts are required for supply security
and operatiodacostsand thegrid managergublic authoritieselectrical distributors,
wind power ownerandelectricity dealer$§7].

For the reasons thatentioned above, Turkey hdsvelopeda project for predicting

and monitoring all wind power plants in Turkey. This study aims to analyze Turkish
Wi nd Power Monitoring and F eetededaWitdi ng Ce
Power Plants wich havethe longestiata,are distributed ovedifferent geographical
regions and different complexity. The study mogtguses on Nunerical Weather
Prediction Model outputehich areused in RTM Prediction System.

1.1. Formation of Winds

The synthesiof bothmeteorology angbractice ofclimatologyand geophysical fluid
dynamics expressdtie forecasted power which isgoluced by wind enerdg]. The
Sun isthe initial source for windand other renewable energig§. The reasons
irregularheding of eath surfacethatcauses different pressure sourcHse euator
regionabsorbs more global radiatidhan Polar Regiondecausef incoming solar
radiation [9], [10]. Solar radation and rotation of the earth attee two primary
components of thgenerakirculation of the atmosphef&l]. These circulationkave
an impact orpressure differences which mofrem high pressure to low pressure
areasFigurel2e x pl ai ns t hceculaianysurfacé windsare affettedby
these wind patterns aaching to their surface structuréPressure forces the
fiCoriolis forced ( r eas oned f r o niineetial fotcds @ue torlacgecalé i o n)
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circular motioro, andif r i ct i onal f or c e soO aset the tfor e eart hods

atmospheric forces thdtive the motion of wind$9].
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Figurel.2 Earth's Wind Patterr9]

In addition to this global circulation fiarn, earth geographical structure which
includes continental and aquatic surfaaes significantly impacthe distribution of
atmosphericirculation.The notion of atmospherbas beeffectedby these surfaces
throughthree different way.

1) Pressure dfierences
2) Solar radiatiorabsorption

3) Available humidityin the air

Smaller circulations such asuficanes monsooncirculation ad extratropical
cyclonedake placalue to the heat changes at high and low pressure centers. Land and
sea breezes; valley anthountain winds; monsoedike flow; foehn winds;
thunderstorms; tornadoesme offfrom local winds ora smaller scaleThese typs
of motionsarisefrom heating of surfaces due to the topographic structusealler
time scal€9]. Forexample land breeze occurs at night tirfa the reason thahe

land cooling is quickethanthe sea. Cooler aon theland moveover the land from



thesea. Sea breezlso occurs vice versa. These motiaresresultedfrom regional
winds[10].

Topographyaffectsthe wind which is closer to earth surfad&®rography,roughness
andshelteo are three important components of these ef{@¢tfkoughness generally
refers tovegetation of a terrain. Obstacles are the reasblmver wind speed on a

terrain which meanshelterf12].

1.2.  Wind Power

Following equation explainavailable wind power and threlationship betweethe
wind speed anthe producedoowerof thewind energyTheP (kW) in the equatioms
power, A(m?) is anareawheretherotor of turbine detectedndV (m/s)is wind speed
and the’ (kg/m°) densitiy of the air.

”— —.=.ZX'H' (1)

This equation indicatethat the wind power is proportional to the increasehim
density of the aiandthe aresswept by the rotorPast studies show the wind speed
dominates the proded power. It is also seen that wind speed of the air is the most

effective sourcef wind power[9].

1.3. Wind Power Forecasts

Traditionalpower plants produce energgsed on thdemandhowever wind power
plantsproduceenergy according ttheexistenceof wind, which leads to instability on
the power outputsThe most significant distinction between wind and traditional
energy resources coube explaiedin this way. Hence, balancing supply and demand

becomesmportantfor large penetrated wind energy electricity systgifis



Wind Power Forecasts havecome important because of the managing electrical
grids and operational planning. It is hard to maragéeddedVind Energy systems
due to the complex nate and ariability of the wind Reducedvind power forecast
errors provides a better planningor transmission managemsnd power system
integrations of wind reduce the risk4]. It is a well-known fact thatpreciseand
steadywind power forecastielp to improveenhancing installed wind powgt5].
fiDay ahead forecastfiiday ahead mark@&tfiunit commitmen, fireal time operatioh

and fimarket settlementare 5 componeantof classical operation for aneditricity
system.Day ahead market and forecast requires hourly predictions one day before.
Unit commitment requires planning and real time operation requirefatiegureal
power as in daytimgl16]. Intra day and day ahead markets could be more

comprehensive with wellevelpoedvind forecasting technolodyt5].

As a result othat manyresearctdoneand applicatioahavebeen performeduring

last deadeswind penetratesnarketand transmissiondesigntechniqueq16], [17],

[18], [19]. Many countries which already have large wind penetration have improved
their wind power forecasting methods and systems by using different approaches to
controland manage thesystem and gridd.3].

Wind power forecasts are evaluated in the literature accordingrthme scale. [20],
[21],[22],[23]. Ultra-short term forecastsroducetheir forecastsvithin a few minutes

that expands to 1 hour at moshis type of wind energy forecasssmostly used for
fielectricity market clearirgy fireal time grid operatiogsand firegulation actiorns
Secondly Short Term Forecast@angefrom 1 hour to several hour§he application
areasf short term forecaserefieconomic load dispatgh | a n piioad geasonable
decisions, fioperational security in electricity marketsThirdly, Medium Term
Forecastsare used fofiunit commitmentdecisions, fireserve requirement decisi@ns
andfigeneratoonline/offline decisiond The range of medium term forecastpands

to severalhours to aveek Finally, Long Term wind power forecasts that predict to

wind from 1 week to 1 year or more, are usedit@intainplanning, floperation



managemet floptimal operating costsandfifeasibility study for design of the wind
farno[23].

1.3.1. Methods

This study aims to focus mosthy short term wind forecasts whieneup to 48 hours
for the day ahead markets. Therefore short term prediction methodee literature
areexplairedbelow.

1.3.1.1. Statistical Models

Statistical Methodareused for shd term wind energy forecastifig5]. These models
examine a large amount of dat and do notdetermineatmospheric conditions
elaborately. In addibn, usingecordegower datdo predict wind energy power based
on therelationshipbetween power and meteorological ddte initial datacould be
transformed intpower outputhroughthe statisticalmethod.Thus, these ethods are
namel as 0 bl Somkof thestatisticalmethods areas in the following:
autoregressive (AR), moving average (MA), autoregressive moving average model
(ARMA) and autoregressive integrated moving avenagelel (ARIMA), the Box
Jenkins methodology and Kalman filtering, artificial neural networks (ANN), fuzzy
systems, gray predictors or support vector machines (SXNI\ and SVM methods
uselearning approach method whiphofit from predicted wind ahhistaical power
relationship[14].



1.3.1.2. Physical Models
Atmospheric and geological conditiormich as terrain, obstacle, pressure, and
temperature are used ireda models tgredictwind speed. They could sometimes use

statistical model as input to predict the werkrgy[24].

Physical models are basednhostly on observedmeteorological dateor weather
prediction outputswhich require more technological systerke loweratmosphere
shouldbe evaluate@xhaust/ely for predicting wind powégi4]. Because of the high
resolution ofNumerical Weather PredictioN{VP) models,in order to predict better
the local effectscoming from orography, roughness, nday obstacles and the
presence of other wind turbindgsey have to b&aken into accoun{8]. For nodeling
irregular landscapewind algorithmscould be examinedunder two subcategories;
dynamic and climatic models which are not successfigtoe outclearly momentum
and energy equations. Another physical model is Computatiioad Dynamics

(CFD)that is used tsetregional situatioron a terrair{14].

1.3.1.3. Hybrid Models

Hybrid Models aim to utilize advantagesathermodek (statistcal, physical etc.) and
acquire most favorableniversal prediction accomplishmertybrid Models are
aggregatiorof various types oforecasting models. These typemsild beexplainedby
3 categoriespamely, ombination of physical and statistical appchescombination
of models for the short term and edium term and ombination of alternative

statistical model§l5].



1.3.1.4. Numerical Weather Prediction Models

Sinceatmospheric scientists hastarted to usBlumerical Weather PredictioN{VP)
models by predicting macro or mescale weather ents,the use ofshort term
generated wind power predictidrecomes challengind.herefore, while the NWP
models solve the conservatiand momenturequations computationalliopographic
information should be used in NWP models to get belscription 6 land-surface
atmosphere interactio®n the other handnodel outputstatistics could be applieto
the outputs of NWP Mode[24].

NWP models takes into account many effestsr a wind &rm. For exampldhey are
obstacles, roughness, orography, speed up or down, scaling of the local wind speed

within wind farms, wind farm layoutsndwind turbines power cwes[15].

Wind speed predictions fomelosing grid points over the wind power plant are
supplied by NWP systemBue to thdargespatial resolution of NWP Models, wind
speed forecasts have neducethe micro scaleof the wind farm(downscaling. The
downscalingprovidedby mesescale or mioo scale model from thghysicalmethod
can further improve wind power forecasts around the wind power. dlhase type
of models also need terrain information of a modeled wind farm. Btorglexflow
models such as CFD or MB(Mesoscale Modelare usedo calculate wind speed
predictions and thegive a better solutiofior modelingwind flow [25].

Three main components are included in NWP modile dynamic centey fithe
physical equatiortsand fithe information gathering software cadédiabaticnon
viscous flows ardescribedn the dynamic center, meteorological aduility processes
and information gathering software code are represantéite physical equations
Thismeans that all atmospheric information at a given tsnepresented in thNWP
models.Not only dectrical industry utilize NWP Models, but also aariety of

industries, sectorandpublic utilitiesutilize the outputs of NWP Models.



Many NWP modelhavebeen developed according to regional weather conditions.
These are ETA nuel (hydrostatic), HIRLAM, ALADIN and MM5and the Weather
Research and Forecd8VRF) Model, HRM, COSMO[26].

1.3.2. Wind Power Monitoring and Forecasting Center in Turkey

Turkeyds Wi nd Power Moni tori(shgrtlyzallel For ecast
RITM with Turkish Acronym)has been started in 2010 within the scope afigtiy

of Energy andNaturalResourcd GDRE. The Scientific and Technological Research
Council of Turkey (TUBITAK), Turkish State of Meteorology and General
Directorate of Renewable Energy are stakeholders of the projef27]. RITM
legislation was published in February 2018 &as imposed an obligation forlind
Power Plants (WPPsyvhich have 10 MW or higher installed capadtyconnect the
RITM system[28]. Currently, 148 WPPshaw been integrated to RITM system.
While the total installed capacity of Turkey 6872 MW, RITM has 6518 MW
installed capacity which mearibat nearly all wind power generations leabeen
integrated to the center. Integrating mascale wind farms to thproject are the major
purpose of the proje27].

The targets of thproject are to integrate all wind power plants in Turkey to the RITM
systemprovideforecastgor their wind powerandminimizing prediction error. RITM
serves to transmission system operators andvéBBowners and public authorities
with the otherdifferent similar regional forecast and control centé&hort term and
very short term forecasts are produced bYNR systemvia using severadata and
forecastingmodules[29].The stakeholder of system could reach the monitoring and

forecasting data through the interfi&@].
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1.3.2.1. Forecast system of RITM Project

Terciyanli et al (2013) describes the RITM Symm asthree main past Data
Acquisition, Data Storageand Processing, Data Preseatton: Graphical User
Interface.Figure 1.3 explains the main forecast structure of RITéMecast system
[31]. Data Acquisition;Four different resources setfieir data to the center. These
data are; NWmPutputdata from three diffemt sourcesSupervisory Control and Data
Acquisition (SCADA) data, and MeteorologicalObservation data from &Vind
Observation Station@VOS) and Wind Power Data from wind powanalyzerq29],
[31]. European Center of Medium Range Weather ForecadEiGiylWF) andGlobal
Forecast Sstem(GFS data are used as anmtial condition of Weather Research and
Forecast Model (WRF) and ALADIN Model output data come fronTiish State
of Meteorology The serverdocated in General Directorate of Renewable Energy
(GDRE) both storeshe daéa coming fromALADIN and WRF.Data Storage and
Processing and includeseveal hybrid forecasting algothms that arekept
operational. Thefinal part provides an easier utilization of outpdor the described
RITM userg31].
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of Renewable Energy
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Figurel.3 The Architecture of the RM Project[31]
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Figure 13 alsoexplains thatachWPP sendsheir real time power data through the
SCADA system or Power Quality Analyzer (PQA) device which is developed by
TUBITAK. SCADA system includes wind velocity, windrdction, turbinestatusand
power dataPQA includes wind powend other electrical powedata Meteorological
masts also send their wind velocity, wind direction, pressure, relativedity and
temperature valug81]. However,Meteorological Masts are not compulsory for wind
farms. 7 meteorological towers were built at first phase gitbectfor 7 wind farms

Those data are also used fesearctand validation purposes model outputs.

1.3.2.2. Forecast Modules on RITM System

Because of the significant usage areas of forecR$18M system haslesignedhe
combination of manyorecastmodels[32],[33],[34],[35]. The dayaheadmarket,
intra-day marketand reattime load balancing are theeas of usage for RITM
forecastg31].

In Forecast modules, the outputs @lobal Forecast SystenGFS and ECMWF
atmosphericirculation modedare usedo provide initial and boundary conditions for
Weather Research and Foreddsdel (WRF) ALADIN Modeloutputs are also used
for power predictionsALADIN model is operated afurkish State of Meteorology
(MGM with Turkish Acronym)serversand itsoutputs comelirectly from therewhile
WRF Modelis configuredn RITM servers andun four times a dd4$1], [32].

The results of the NWP models are evaluated and clusteredgh the kmeans
algorithmthatis calledStatistical Hybrid Wind Power Forecast (SHWIPhe SHWIP

is based on aalculationof Normalized Mean Absolute Err@NMAE) for wind speed
over 100 gridspoints aroundeach WPHor which apower curveis assignedThe
powercurve of each WPP iebtained from physical moddbdsed on computational
fluid dynamics) and SHWIP modelised for choosing best grid point which has the
lowest NMAE that has been chosen according to historical data. The details of model

areexplained in32].
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At the same time ANN, SVMndlinear regression models are {@6]. Finally, hybrid
forecasts are produced lbiging all of the model outputs. All models are combined
based on théhreecombination methagl Lp-norm, FSS (Fuzzy Soft Sets) and tree
based combinatiof34].

According to the fistresultsof the project; amrrorrate per WP changindetween
8-16 % NMAE andyearly performance of alWPPs is approximately 5 % NMAE
[31]. In addition tothe short term forecas8 v er y s h o r toare gradmeedf or e cC «
for every hour by using direct time series models for idtrg market purposg86].

All of this algorithms and system structure weérelt by TUBITAK MAM Instute of
Energy. The aim of this study is to evaluate and comparpdtiermance®f three
different NWP Modelsof RITM systemin forecasting the wind power

The detailed infanation and studies about the project are explaingZin~ [37].

1.4. Turkish Electricity Market

Turkish Electricity Market contains Production, Transmission, Distribution,
Wholesale and Retail, Market Operating, Impamt Export Activities. Both public

and private legal entities that haviec@ncecoud make production activities. TEIAS
(Turkey Electricity Transmission Joint Stock Compdnykish acronym) is
responsible for transmission activities. Distribution activities are carried out by
distribution companies who havé@ncefor their local regpns. Wholesale and Retail
activities aremanagedby production and supply companies. Operating Market
activities are carried out byXel ST . (Ener gy )EWhlethenngpert Kst an
activities ardollowed by supply and production companies, export activities could be
supevisedby supply compani€i88].

Turkish Electricity Marketis managed by tw@perators System Operator which is
call ed TEKAS and ®B4dSTKThese twopperatars averdetermireedne d
by Electricity Market Law as it mentioned above. TEIAS is responsible for

investments about electricity transmissions, planning, distribution of loads and
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frequency control, operating balancing power market and irtten@éinterconnection
workings.EXIST has been dependentsigttlingdown purview of Law on Electricity
Market and Law on Turkish Trade at 18 March 2{B&. According to Balancing and
Reconciliation Regulation: TEIAS an&XIST carry out balancing mechanism
activities and necessary procedures andcples for these activities in order to
balance the supply and demand of electricity by providing all necessadiraian
and communicatior{39]

Turkeyds EI ect riismade upoMbreekddferent8arketsiecdayu r e
ahead, intraday ari8lalancing Power MarkeEXIST is responsible for théayahead

and intraday markets and their balance, TEIAS is responsible for real time balancing.
Electricity trade is started one day before in Day Ahead Market; also market prices are
determined accordg to supply demandatanceg39]. Figure 14 explains the market
structureof Turkish Electricity MarketMarket Clearing Price (MCP) is determined

according to the demand andply balance.

Electricty Marke
TEIAS (Syste J_ EXIST (Market
Operator) Operator)

Balancing Pows B DayAhead
Market Market

=1 Intraday Marke

Figurel.4 TurkishElectricity Market Structure

I
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Electricity trades on Electricity Markets occur in Dalyeadand Intraday Market.

Day Ahead MarketElectricity trade is occurred one day befokeday ahead market
include hourly offers whiclstartat 00:00 am anéinishes at 00:00 am every day for
the next day. Each participant makes theirrafiigtil 11:30 am fonext day{39]. The

market based on Balancing and Reconciliation Regulation.

Intraday Market The electricity spot price is set on an hourly bdssarts every day
at00:00 am and end® 00:00 am. lis a continuous type aharket[39].

Supporting Mechanism of Renewable Energy Resources

Renewable energy resources are evaluatediffesenttype of supporting mechanism
accordingto Lawon Wtl i zat éon of Renewable Energy
Generaténg Electrécal Ehertgy.eXha&ngutrip® s
renewable energy sources for generating electric energy, to benefit from these
resources in a secure, economicné qualified manner, to increase the
diversification of energy resources, to reduce greenhouse gas emissions, to assess
waste products, to protect the environment and to develop the related manufacturing

i ndustries for r e §0]iDue tathe lawh Regesvable Energyc t i v e
Resources certification has been given to the electricity producetento determine

the type of resources. Moreover, production companies which subject ©

Supporting Mechanism of Renewable Energy Resourcesighatiled YEKDEM

(Turkish Acronym) have electricity sales guarantee according to the prices-Annex

of the Law depending on their resources for a period of 10 years. Table 1.1. explains
thesepricesand shows the Wind Power Production compathescould sell their

electricity from 7.3 Dollar cent/kWh.
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Table1-1 Annex1 of the Law{40]

Annex|
Type of Production Facility Based on Prices Applicable
Renewable Energy Resources (US Dollar cent/kWh)

a. Hydroelectric production facility 7,3

b. Wind power based production facility 7,3

c. Geothermal power based product 105

facility '

d. Biomass based production facility

(including landfill gas) 193

e. Solar power based production facility 13,3

In addition totheseprices, the prices that join in Ann&xare supplemented in the
event that the wind turbine/renewable energy aasce unit components are
domestically produced. Table 1.2 shows the additional prices for wind power based
production facilites. For example if a wind farmiiscluded in YEKDEM and used
domestic wing intheir facility, this WPP couldell their electreity (7.3 + 0.8) 8.1
Dollar cent / kWh. According to EMRA (Energy Market Regulgtéuthority) data,
151WPPs willbenefitfrom YEKDEM prices during 201810].
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Table1-2 Annex Il of the Lawf40]

Annex I
(Provision of the law dated 29/12/2010 and numbered 6094)
Domedic
Contribution
Typeof Faality Domedic Produdion
(USDoallar
cernt/kwWh)
1- Blade 0,8
2- Genegator and paver dedronics 1,0
B-Wind  power 3 S hinetower 0,6
based
production 4- All of themechacal equpmentin 1,3
facility rotor andnacél e goups(excluding
paymerts madefor thewing group
andthe geneator andpower
eledronics)

The details of supporting renewables in Turkey are regulateRdgulation on
Certification and Support of Renewable Energy Resourc&be income of each
production facility has been calculated according to given forfddla

OOV BO0®B B B YO®OPr GOOO;O00TYY 00 Q (2
[41]

YEKBED:: For an invoicing periodhe price of the Renewable Energy Resources that

will be paid to the participant or to the rkat operator by the participatdEVMi p,u:

the amount of power supply which i1Is prod

on reconciliation within the scope ¥EKDEM andwhi ch bel ongs to #fi

parti ci precontiliatioroperiod (MWh)YEKFix,:t he price that wi

YEKDEM participant for Abo power supply
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(USD/MWh),KURy: The current CBRT foreign exchange ingrate on the day when

t h e sditlendent period is includeB®TF..: Market Clearing Price that belongs to

Aito offer region and fuok nuelteoaf settliékmerat i on per
periodsthat belongs to the bill region.number of offer regin. j: tolerance coefficient

which is determined by EMRAnN: number of power supply/draw unit based on

reconciliation within the scope of YEKDEM which belongs to | YEKDEM participant

[41].

The income of an eledtity production facility within the corps of YEKDEM started

to be calculated according to the formwahove with the changes made by the

regulation that is published on®26f April 2016. As the plants that have been included

into YEKDEM are over 15 GWiow, the income formula of YEKDEM is changed as

in the following, in order for the party, which caused the imbalance, to take the
responsibility for it and in order to minimize these imbalances, which could occur

within the system. According to that, j dbiec i e nt is to beisfixed by
updated as 0.97 in 2018 after the publication of regulatiaghedatme of which it was

0.98[42].

All WPPs in this study are participants of YEKDEM. For this reason, income
calculations of WPPisave been madeecording to the formula above. Mat clearing
and system margingkiceshavebeen taken from EPIAS. YEKDEM and Dé&head

Market Prices (DAMP) have been calculated and evaluated in Chapter 5.

1.5. Literature Review of RelevantTopics
The following literature is summarized as they are faimedmost relevant studies to

the study performed in this thesis:

18



1 Dabernig, M. (2013). Comparison of different numerical weather prediction
models as input for statistical wind power forecasts (Doctoral dissertation,
University of Innsbruck).

Three diffeent NWP models (deterministic and probabilistic ECMWF and GEFS
from Austria)werecompared by applying MO@Viodel Output Statisticp results

of selected 7 turbines in AustridOS methods were used for minimizing NWP errors,
Fitted regression as a MOSethod were applied by using real measurement data and
NWP model outputdn order to determine the differences on NWP maqdelgenue

on Austria Energy MarketRMSE that belongs to each WPP wecalculated.
Deterministic and probabilistic ECMWEsultsfound better values than GEFS model.

It was also concluded that performance of MOS depends on initial weather data.
Revenue showed different results than RMSE, nedlHWWP models had same
revenue However, revenue with two ECMWF models were found bettan BEFS

[43].

i Bi el ecki M. F. , ifStatistical Charact e
Forecasting, o0 2010.

WPP production anccommercial deterministiprediction datavere compared in a
sekected WPP in Northwestern United States. Ramp eweadtso examined by using
RAMP identification algorithm. In order to evaluate wind power forecastditional
error analysis was made (mdaiag mean absolute error, and root mean square of the
erron and discussed. In addition to thesror metrics, delta pdf, correlation coefficient

arealso presented and discus§édi].

1 SOL E, T. , et al . Verification of nume
for energy applications in LatviaEnergy Procedia2014, 59: 21320.

WRF Model outputs for 172 grid points in central Latvia were compared to 24

observation stations in betweeraiyland November 2013. GFS data had been used for
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initial data of WRFBiasand RMSE weresed to compare differences between model

and observation. Model outputs were mostly resudsalerestimated45s].

| ALESSANDRINI, S.; SPERATI, S.; PINSON, Pierre. A comparison
between the ECMWF and COSMO Ensemble Predictioystems applied to short
term wind power forecasting on real datApplied energy2013, 107: 274280.

The performances of two different NWP initial data (COSMO LEPS and ECMWF
EPS) were compared. NWP dateused in a real wind power forecast in Southern
Italy. Wind power forecasts had been made by using probabilistic forecast system.
MOS is also applied to model outputs. Brier score and RMSE were used to evaluate
the results. Cosmo LEPS showed betemfgrmance than ECMWF ER&6].

1 LANGE, Matthias, et al. On he uncertainty of wind power predictions
Analysis of the forecast accuracy and statistical distribution of errareansactions
of the ASMEN-Journal of Solar Energy Engineering2005, 127.2: 17-184.

Short term wind power forecasts errors and wind spaedsewere evaluated in this
study by using RMSHyias Short term forecasts had made by using NWP data and
nonlinear power curve of turbine. 6 onshore WPPs had been used for thisAstudy.
relationship is foundbetweerbiasand terrain typebiasshowed anegative variation

at a complex terrain and showed positive values at flat terrains on this study. That
means, forecast errongereunderestimated for complex terrain or vice versa. The most
important result of this study thatrelative error of power f@casts increases at the

rate of 1.82.6 by conparing to wind speed foreca$ts].

1 HOLTTI NEN, Hannel e; MI ETTI NEN, Jar i ; SI LI

power forecasting accuracy and uncertainty in FinlanBspoo, VTT 2013.

Short term wind power forecast errors and costs in the electricity mankes
calculated in this study. Different NWP models were combined for 6 different sites in

Finland. Combination methods were also examined. Cumuldénsity function and
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kernel dengies were used for evaluation of uncertainties. The study gavdeaon
the aspect of wind farm owners and an overvievinbermed transmission operators
[48].

1.6. The significance of the study
The aim of the study is analyzing different numerical weather predictamtelsin a

wind power forecast system and investigating behavior of the maiteferent time

scales (diurnaldaily, monthly and seasonalturrently wind power forecasts are
peformed by using 3 NWP modai RITM system however model performances

a wind power forecast systehave never been examined before in Turk&ynd

power forecast accuracy mostly depended on reliable wind speed forecasts. Therefore,
determining betteNWP models for different regions and time scales would be

importantfor power forecast systems.

1.7. The Thesis format
First chapter explains the methodology about wind power forecasts and wind power

monitoring and forecasting center in Turkey. Chapter@ginformation about 6 wind
power plant from 3 different geographical region. Each wind farm is evaluated in terms
of dataavailability, elevation, roughnessggional climate conditionand installed
capacity etc. Data Analysasd Results has been givierChapter 3. Each wind farm

has been evaluated at monthly, daily and diurnal time scales and energy prediction and
production values have been compared to wind speeds. Bha#dsrdave been
interpreted at @Gapter 4.Chapter 5, Turkish Electricity Markegtrices according to
Renewable Energy Supporting Mechanism and Day Ahead Market Prices have also

been calculated for 6 wind power plants in this study in order to research effects of
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wind power forecasts to the income and market priegslly, conclusionsand
recommendations of each analysis belongs to 6 WPP have been summarized in
Chapter6.
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CHAPTER 2

2. METHODS AND DATA

2.1. General Information

Wind Power Plant$WPP)were chosen from Marmara, Aegean and Mediterranean
Region in Turkeyfor this study. The WPPs were selected according to geographical
locations, data availabilitiesand observation stations. Table 2.1 shows the

geographical regions, installed capacities and number of turbines of each wind farm.

Table2-1 General Information about WPPs

WPP Install(i;jv\(/:)apacit) Geographical Region N#J?gﬁ;gf
WPP 1 120 Aegean 46
WPP 2 240 Aegean 169
WPP 3 10.2 Marmara 17
WPP 4 15 Marmara 5
WPP 5 48 Mediterranean 16
WPP 6 135 Mediterranean 54

The installed capacity of wind farnashkangean between 15 and 240 MW. Hub heights

of turbines changm betweem6 and 85 m forurbines that are used in WPPs.
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2.2. Data

2.2.1. Numerical Weather Prediction Data

AllNWP and obseration data have been obtained from RITM Project Forecast system

servers.The WRF modelwith the initial conditions from ECMWF and GHS run

daily in RITM systemTurkish State of Meteorologglso sends daily NWP outputs

through ALADIN modelfor 48 hoursfrom their server to GDRE servel31],[32].

Numerical weather prediction data had been obtained accordingrids4which are

closest to V0Ss. Data times and formats wetenvertedrom Unix Time(date format

that used in unix systemg) real time Data were arranged aading to WOS data.

Missing values were removead order to compareeal and prediction data truly.
Duplicated values for 48 hours had been remo

have been updated every day.

Turkish State of Meteorologyredictionsare made by usingLA DIN NWP Model
which benefits fromMeteoFrancdg49]. These predictions contain wind speed, wind
direction, temperatur@nd pressure parameters are received four times a day (00:00;
06:00, 12:00; 18:00 GMT) for 48 hours. ALADIpredictions have been maae5
different vertical leved of atmosphere. Level @pproximately 100 m.a.gjbrediction
values have been usedRiTM system and inhis study to determine ttaecuracyof

the forecasts.

In addition to ALADIN datatwo different prediction dataVRF withinitial conditions
from GFS and WRF witlinitial conditions fromECMWF are usedA single domain
covering thehe atire Turkeyat 6 km x 6 kngrid resolutiorhad been used faVRF
predictions. YSU(Yonsei University)Planetary Boundary Layer Scheme l&en
used for WRF predictions which afiest option of PBL options in physics for WRF
[50]. WRF forecasts have also been run for 4 times afala¢8 hours similar to
ALADIN forecastg31],[32]. However,only 00:00 am predictions are used for power
forecasts. WRF outputs contaimany meteorologicalvariables Wind directionwas
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calculated from U and V wind speed for each grid point. RITM forecast method uses
bestgrid selection according to tlinéstorical power data, 4 grids have be®mpared

for available yearsTable 2.2 shows th&LADIN , WRF and WOS heights above the
sea level. The italic values show the nearest heights @@5W could be seen from

the tablghatthe highest power station is WiRand the lowest power station is WPP

3, which is locatednthe sea level.

Table2-2 Grid Point Heights above the Sea Level for all NWP Models

WOS
ALADIN Grid Points Heights WRF Grid Points Heights Heights
{m.as.l) (masl) (m.asl)

WPP | Gridl | Grid2 | Grid3 | Grid4d | Gridl | Grid2 | Grid3 | Grid4 | WOS

WPP-1 | 584 | 398 572|307 546 492 540 413 598

WPP-2 | 804 636 522|478 724 650 615 789 701

WPP-3 | 57 0 0 0 2 0 0 0 11

WPP-4 | 254 11 95 §0 170 6 76 0 244
WPP-5 | 824 545 320 846 667 750 733 327 626
WPP-6 | 1063 [ 1140 [1025 |924 1038 788 901 913 1021

2.2.2. Observation D#a

The sixXWOSs had been established in the first phase of RITM Prdjeetposition

of each WOS corresponds to the location of each VWRE twoof them have been
damagedby the extreme weather conditions. WOS haweluded Temperature,
Pressure, Wind Beed, Wind Direction, Relative Humidigt differentheights. Table

2.3 shows the sensor heights from the ground. 5 of WOSs Wind Speed sensor have
been located in same heights (80; 50; 65). Hub height of turbines¢ged in those
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wind farms are nearl80 m, exceptor the WPPR2, which has 65 m hub height and
WPR3 45 m hub heighfThe data from sensors haveen chosen according to those
hub heights.

Table2-3 WOS Parameters and Measurement Heights

Parameter WPR1 | WPR2 | WPR3 | WPR4 WPR5 WPPR-6
Temperature, 7;80 m 9m 7m 9m 10 m 10;80 m
Pressure 7m 7m 7m 7m 9m 9m

Wind Speed|80;50;65 m 80;510;65 45;30 m| 80;50;65| 80;50;65| 80;50;65
Wind Directior] 78;48 m | 78 m [43;28 m| 78 m 78 m 48;78 m
RH 7:80m 9m 7m 9m 10 m 10;80 m

2.2.3. Power Data
Power production data were taken from RITM main servers. Due to the fact that
forecast system has not been stored in servers for power production for each NWP

separately, initial data based power values coatdoe used in this study.

Table 2.4 shows the available data for 6 WPPs. Although prediction and production
data are available for all years, all date@ adjuged according to measured data, in
orderto compare real and prediction values truly. \AlPddd WPR2 have thehortest
record lengttdata since the observation station of WPtrasbeen toppled down due

to the weather conditions.
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Table2-4 Data Availability

WPP :\gﬁae&?%zg Available Years
WPR1 % 51 2013, 2014, 2015, 2016
WPR2 % 66 2012, 2013, 2014, 2015, 2016
WPR3 % 74.6 2012, 2013, 2014, 2015, 2016
WPP4 % 88 2012, 2013, 2014, 2015, 2016
WPR5 % 84 2013, 2014, 2015, 2016
WPR-6 % 83 2013, 2014, 2015, 2016

Each WPPhas different type of Turbine. Turbine types change according to the
manufacturer hub height, rotor diameter, turbine power and other characteristics.
Table 2.5 explains the turbine power and some technical information about turbines
whichareused in those wid farms.
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Table2-5 Turbine Characteristics about WPPs

Power Hub Rotor Rated Cut-in Cut-out
(KW) Height Diameter | Wind Wind wind
(m) (m) Speed Speed Speed
(m/s) (m/s) (m/s)
WPP 1 | 2500 80 90 13 3 25
WPP2 | 900 65 44 17 3 25
WPP3 | 600 46 40 13 3 25
WPP 4 | 3000 80 90 15 4 25
WPP5 | 3000 80 90 17 4 25
WPP6 | 2500 85 100 135 3.5 25

2.3. Methodsand Software

In order to compare complexity of each WPP, elevation and roughness values have
been deternmied.Geographical information has been determined by using SRTM data
from approximately30 m resolution. SRTM data haueeen regulated in Global
Mapper arranged 20 x 20n area53]. Then converted grid.gws file tm WindSIM

version of 6.2.054]. Roughness magsavebeen detanined by using Corine 2006

land cover data and calculatedh thesamesize agieographical datf®1]. Roughness

and elevation mapsavebeen coupled up by using WASP Map Ed[g2] and used

in WindSIM. WindSIM calculates the roughness lérsgby using information from

the gridgwsfiles [54].

In order to understand which prediction type is better at which time, errobedbeg)s
to NWP models$ave been determined. RMSE aridscalculations have been made
for observation versus NWP model outputs for each NWP gritbaupdedicted power
output versus power production values for each WPP. RMSBiasdalues have

been calculated fdrours of tle day, daily and monthly averages.
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RMSEhas been calculated by using wind speeds mqrdhlly and diurnal averages.
Equation3e x pl ai ns t he RMSE faothanis anactuahvaluec h i n
(produmt ifosecapted dil moe ;i sh t fokdatm BMSIE & widely used

for Wind Forecast Accuracy studies in literature; this is becaube éact thasquare

values of errors show bigger errors with bigger valdd$. The weightof errorsis
increasedy using RMSE. It has also been normalized by using installecticapé

wind farms for power prediction err{48].

=|J'|'” ¥ _.B =|= I ©)

Equation4 definesbias for forecasted and actual valu&sasis also definedas an
averageerror. Bias shows the averagdifference of forecast from actual values. It

deermines oveunder estimatins[44].

| b=i8: B + @

Equation5 defines correlation coefficient for two variables. It is used for determining

thelinearrelationship between two variablgst].

> B+$’l. (5)
B+ F o2 1

In order to determim theaccuracyof forecasts for different time horizgnseasonal

and grid comparisonsavebeen made for this study. Both average values for time
series and RMSE anbias have been calculated and compared seadsomaald
diurnaly. In order to determine #hbestgrid for all prediction methodsorrelation
coefficients have been calculated. Observation values have been also used for

determining characteristics of wind farm locations.

Seasonal variation of wind speed and errors is obviously most impdrtaatteristic

in Turkey. Because of this diurnal variations are examined seasonally in this chapter.
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Electricity production from the wind energptally dependson the wind speed.
Therefore, energy and wind speed relationshipsabso examined in thisugty. Each

wind turbine has their own power curve by depending on turbine producers. Eijure

Is a typical power curve of a wind turbine, it gives an idea about the produced power
based on wind speed values. Cut in wind speed means required minimunp&edd s

to producing energy from a turbine. Rated wind speed indicates required maximum
power that will be produced by the turbine. Cut out wind speed means generally

harmful for the design and turbine has to be closed [9].

Rated

1200 /
1000 /
800 - Cutout

600

Power, KW

400 Cut-in
200 J

I I I I I I I I I |
4 & a 10 12 14 16 8 20 22

Wind speed m's
Figure2.1 Turbine Power Curve [9]

Global Mapper,WindSIM version 6.2.0and WASP Map Editor wereised for
elevation and roughnegsformation[54]. The softwardicense was procured by the
GeneralDirectorateof Renewable Energy under agreement between the GDRE,
TUBITAK and the software developdR. project was used for calculating statistical
and graphicalesults. R isan open source and free softwarg55]. Windographer
Version4.0.28 trial version was uddor some statistical graphicahd result$56].

24. General Characteristics of Wind Power Plants in This Study
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2.41. Climate and Wind Potential of Turkey
Turkey is located in subtropical zone and under the efifeMediterranean climate

type site due to geographical location. P@armasses effects to Turkey in winter
times and tropical air masses effet Turkey in summer times. These polar and
tropical air masses are localized daéoththeir topographichstructure andnarine

and continental effed67]. Figure 22 illustrates the Koppen Climate Classification
for Turkey. All of thegeographicategions in this study are in Csa type according to
Koppen. It means warm winters and dry and hot summ@eserally, Koppen
classifiesthe climaes zones by taking into account monthly mean temperature and

annual precipitatiofb8].

Koppen Classification
k A HUME EQUATORIAL CLIATE
= - Fo dry season

Rl svort oy seasen

W Eiry winken
B DAY CLIMATE

BS | Semiarnid h=aot

ke ok

B | Ao

C HUMI TEMPERETE CLIMATE

B o dry soasos

Figure2.2 Koppen Climate Specification [58]

The fllowing figure shows the Wind Energy Potential Atlas of Turkey annually,
which was made by GDRE in 20080]. The map shows the yearly mean wind speed
distribution. The Northwegart of Turkey has higher wind potential when compared
to other regions. WRER, WPR3 and WPH are in this region. All seasohave higher

than 7 m/s yearly mean except spring for those WB#s
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Figure2.3 Turkey Wind Speed Potential Distribution Map at 100 m.§6§]

2.42. Aegean Region
Aegean Region has theghestwind energy potential in TurkeyAccording towind

Energy Potential Atla@REPAwith Turkish acronymjhe region has 14907 MW wind
energy potential which has higher than 7.5 m/s0am height abee the ground59].
Turkey has different climate typeghich charge from region to region due to the
topography. Aegean region receives more rainfall in winter timesasdry andhot
summerg60]. According to Tukey Wind EnergyAssociation Aegean Region has
2684.25 MW installed wind power capacigt the end of 201Which is39 % of all
over Turkey4].

2.42.1.WPP-1
WPP 1is located in Aegean Region of Turkégure2.4 and 25 indicatethe elevation

and roughnessmaps for WPR 1. Center of magpis WOS station
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Figure2.4 Elevation Map of WPHR

3
Figure2.5 Roughness Map of WRP

WPR1 has been located in an area thdB95689 mabovethe sea levellhe triangles
show the turbine locations and circles showgtieé point locations on elevation map.

33



Terrain of hewind farmlacks of vegetation, andughness height of WPP 1 changes
between 0, 0001 anddm (Figure 2.4)

Meteorological averages hawveen obtained from WOS. The installed capacity of
WPP is 120 MW which consists of 46 wind turbines. T&bhegives summary
information about the WRER, The WPP1 has 27 months available datsth 60
minutes time interval. The wind farm is locata®98 m devation above the sea level,
which influenes thedensity of air and pressurvailable data starts from 1 Jan. 2013
during the 27 months.

Table2-6 WPPR-1 Data information

Variable Value
Elevation 598 m
Data period 1 January 2013 00:0

15 April 2015 20:00

Duration 27 months

Length of time| 60 minutes
step

Mean Wind Spee( 6,61 m/s

Mean, maximum and minimum values of Temperature, Air Presswtair density
could be seen from the Tal®2er. Air densty has been calculated by using ideal gas

equation.
P= J®GR. T

Within the equationP is pressureT is temperature, & the universal gas constant
(8.314472 - k P A:LkKmip |
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Table2-7 Meteorological Peameters

Mean | Min Max
Temperatu| 136 | -95 | 32,6
Pressure(mbar) 953,4 | 934,5| 970
Air Density (kg/n¥) | 1,16 | 1,08 | 1,28

The wind rose for WPPL could be seen from Figug®6 thatexplains thdrequency

of wind speed by 18irections The prevailingvind direction is NE for WPH which

is calculated from all WOS wind direction data.
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Figure2.6 Wind Rose for WPH

As RITM forecast system uses nearest neighbethod for4 grid points, Figure Z.
shows 4 ALADIN and4 WRF grid locationstogether with WOSObs)and turbine
locations. The location of observation station is 598 m above the sea level and
ALADIN Grid 1 and WRFGrid 1 have the nearest height for observation station.
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Figure2.7 Location of WPPL turbines, Grid Points and WOS

24.2.2. WPP-2
WPR2 is located in Aegean Region of Turk&jgure2.8 and2.9 shows the elevation

and roughness maps for WRPCenter of maps is WOS station
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Figure2.8 Elevation Map for WPR2

Figure2.9 Roughness Map for WRP

WPR-2 turbines haveeen distribugd over a terraiwhose elevation changbstween
600 andd00 mabove theneansea levelThe triangles show the turbine locations and
circles show the Grid point locations on elevation rfiagure 28). Roughness lagth

of WPR2 changes between 00175 m (Figure 29). The roughness of WPPis
flexible butit is more complex than WRE.
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The installed capacity of WPP is 240 MW which cstsbf 169 wind turbines. Table
2-8 givessummaryinformation about the WRR, The WPF2 has4.1 year datavith

60 minutes time interval. TH&PPis locatedat 701 m elevation ah@ the sea level

Available data startsdm 7 November 201and continues for next.1 years. Table
2-8 givesdetailedinformation about WPR data. WWR-2 has moravailabledata han
WPR1.

Table2-8 WPP-2 Data information

Variable Value

Elevation 701 m

Data period 7 November 2012 15:0
31 December 201
01:00

Duration 4,1 years

Length of time steg 60 minutes

Mean Wind Speed| 7,77 m/s
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Mean, maximum and minimum values of Temperature, Air Presswdair density

could be seen from the Tal#2e9.

Table2-9 MeteorologicalParametersf WPR2

Mean | Min Max
Temperatu|l114 |-11,2 |32,0
Pressure(mbar) 922,01 899,9 | 938,6
Air Density (kg/n?) | 1,13 | 1,05 |1,24

The prevailing wind direction is NNE for WPPwhich is calculated from all WOS

wind direction dataHowever, in contrast to WPRP, therearedifferentwind directions
for WPR2. It canbesea from theFigure2.9that South and North directierhavea

low percentage buavailablewind speeds of this direction chandesm 2 to 8 m/s

which is fair enough for power production.
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Figure2.10 Wind Rose for WPR2
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Figure 2.11illustrates4 ALADIN and4 WRF grid locations thatavebeen pointed
according to Observation Station and turbine locations. The location of observation
station is 701 m above the sea level AhADIN Point 2 and WRF Point 1 have the

nearest hight for observation station.

WPP-2

Turbines and Grid Points 8

Figure2.11 Location of WPP2 Turbines, Grid Points and WOS

24.3. Marmara Region
Marmara Region has treecondhighest wind energy potential in Turkey. According

to REPA the region has 12704 MW wind energyeptial which has higher than 7.5
m/s wind speed at 50 m height above the grd68¢l Marmara regiorhas Csa type
climateaccording to Koppen Climate Classificatif@®]. According to Turkey Wind
EnergyAssociationreport MarmaraRegion ha231840 MW installed wind power

capacity which ispproximately33 % of the entireTurkey[60].
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24.3.1. WPP-3
WPR3 is locatedin Marmara Region of TurkeyFigure 2.12 and 2.13 show the

elevation and roughness maps for WRRenter of maps is WOS station which is 10

km far away from the border of the map.

Figure2.12 Elevation Map for WPF3
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Figure2.13 Roughness Map for WR®

WPR3is located a®-30 m heightThe triangles show the turbine locations and circles
show the Grid point locations on elevation mapughness legth of WPP3 changes
between #-0.75 m. WPP3 is near the sea level and igusite aflat terrain.

Theinstalled capacity of WRBis 102 MW which consists of 17 wind turbines. Table
2-11 gives summary information about the WBPThe WPR3 has4-yearavailable
data The data starts from 2 May 2012hd ontinues nex# years.The fblegives

detailedinformation about WP data.

The wind farm is located in 45 m elevation above the sea level, whidhectly
influencal by thedensityof air and presse. Standardsea level pressure 1028 mb
and mean pressure of WRBHs 1008 mb which is closer to this value. It is already
obvious that WPE is located almosit thesea level.
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Table2-10 WPPR-3 Data inbrmation

Variable Value

Elevation 45 m

Data period 2 May 2012 10:00
25 April 2016
19:00

Duration 4 years

Length of time step | 60 minutes

Mean Wind Speed 7.53 m/s

Mean, maximum and minimum values of Temperature, Air Presswdair density
could beseen from the Tabl212.

Table2-11 MeteorologicalParametersf WPR2

Mean Min Max

Temperat | 17,6 -4,6 34,2

Pressure(mbar) | 1008,1 | 958,8 | 1031,7

Air Density (kg/nf) | 1.21 | 1.13 | 1.34
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The prevailing wind direction is N for WRPPwhich is calculated fra all WOS wind
b | o w ghembdhmas seeanfigureR.14f r o m

andthe frequency of blowing winds from the North is over the 30 %.
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Figure2.14 Wind Rose for WPE3

Figure2.15 shows that ALADIN and4 WRF grids have been pointed according to
WOSandturbine locations. The location of observation station is 45 m above the sea

level and nearly all points aetthe sea level exceptLADIN Grid 1.
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Figure2.15 Location of WPP3 turbines, Grid Points anlOS

2.4.32.WPP-4
WPPR4 is located in Marmara Region of Turkdyigure 2.5 and 2.7 shows the

elevation and roughness maps for WAespectively Center of maps is WOS station

which is 10 km far away from the border of the map.
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Figure2.16 Elevation Map for WPR
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Figure2.17 Roughness Map for WPR#

WPP4 is located at 246865 m heightThe triangles show the turbine locations and
circles show the Gdi point locations on elevation maRoughness length of WP#
changes between 0.00012 m. WPP4 is near the sea like WP but while WPR-3

is located in sea level and it has higlughnesdength WPR4 is located in higher
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than the sea level but it hbewsv roughness length. ghouldbe notedthat WPP-4 has

more complex terrain than WFR

The installed capacity of WP®is 15 MW which consists of 5 wind turbines. Table
2-13 gives a summary information aboutitet WPP4. The wind farm has 4-year
availabe data which have 60 minutes time interVidedata starts from 24 April 2012
and endon 31 December 2018 he wind farm is locatedt 244 m elevation above

the sea level.

Table2-12 WPP-4 Data Informatia

Variable Value

Elevation 244 m

Data Period 24 April 2012 11:00
31 December 2016 01:00

Duration 4.7 years

Length of time| 60 minutes
step

Mean Wind| 7,70 m/s
Speed

Mean, maximum and minimum values of Temperature, Air Presswdair density

couldbe seen from the Tab®13.
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Table2-13 Meteorological Parameters for WP

Mean Min Max
Temper at 16,2 -54 32,8
Pressure(mbar) 998,1 974,7 1021,1
Air Density
(kg/nP) 1.20 1.13 1.33

The prevding wind directiors areNE and NW for WPR} asit is illustratedin Figure
2.18. WPPR4 has 2 different prevailing wind direction. This will lad&én into account

in evaluating theesults.
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Figure2.18 Wind Rose for WP

Figure2.19 shows that AALADIN and4 WRF grids have been pointed according to
Observation StatiofWOS4) and turbine locations. The location of observation
station is 244 m above the sea levELADIN and WRFgrid 1s are closer to the
location of WOS.
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Figure2.19 Location of WPP4 turbines, Grid Points and WOS

WPP4 has different geographic structure. The sea effifiggit be seen from NE and
NW direction of the wind farm which coulde explaired the 2 prevailing wind

directions.

2.4.4. Mediterranean Region
MediterraneanRegion has thethird highest wind energy potential in Turkey.

According to REPA the region has 5335 MW wind energy potential which has higher
than 7.5 m/s wind spdeat 50 m height above the groufa®]. The regionhas Csa
type dimate according to Koppen Climate Classificatif@0]. Turkey Wind Energy
AssociatiorreportindicateshatMediterranean Region h849.30MW installed wind
power capacity which i$3,37% ofthe entireTurkey[4].
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2.4.41. WPP-5
WPR5 is locatedn Mediterranean Region of Turkelyigure 220and 2.4 shows the

elevation and roughness maps for Wl enter othemapis WOS station which is

10 km far away from the border of the map.

Figure2.20 Elevation Map for WP
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Figure2.21 Roughness Map for WPP

WPRS5 is located at 64850 m heightThe triangles show the turbine locations and
circles show the grid point locations on elevation map (Fig@®.ZRoughness height
of WPP-5 changes between 00675 m (Figure 21). WPR5 is also surroundety
two high hills from west andoutteast thaareapproximately over 1400 m above the

sea level.

The installed capacity of WPPis 48 MW which consists of 16 wind turbines. Table
2.15 gives summaryinformation about the WRB data Thewind farm has 4year
available data which have 60 minutes time interval. Available data starts from 24 April
2012 anl endson 31 December 2016.
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Table2-14 Data Information for WP

Variable Value

Elevation 626 m

Data period 1 January 2013 00:00
31 December 201
01:00

Duration 4 years

Length of time step | 60 minutes

Mean Wind Speed | 8,41

Mean, maximum and minimum values of Temperature, Air Presswdair density

could be seen from the Tali#el5.

Table2-15 Meteorological Parameters for WP

Mean Min Max
Temperatur¢ ~ ( 14,8 -7 34
Pressure(mbar) 922,1 902,1 935,9
Air Density (kg/n?) | 1,12 1,04 1,21
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The prevailing wind direction is NW for WP®which is illustrated in Figure 222
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Figure2.22 Wind Rose for WP

Figure 2.23 shows that 4ALADIN and 4 WRF grid locationshave been pointed
according toNOSand turbine locations in Google Earth. The location of observation
station is 626 m above the sea le¥dlADIN 2 and WRF 1 grid points are closer to
the location ofWOS. However WOS and closest prediction points are ikirad of

valley. The terrain ofhewind farm is surrounded by the forest and valleys.
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Figure2.23 Location of WPP5 turbines, Grid Points and WOS

2.4.42.WPP-6
WPR6 is located in Mediterranean Region of Turkeigure 2.2 and 2.5 shows the

elevation and roughness maps for W Eenter of maps is WOS station which is 10

km far away from the border of the map.
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Figure2.25 Roughness Map for WP

WPR6 islocatedat 790-1590 m height which is the highest WPP in this stddhe
triangles show the turbine locatis and circles show the grid point locations on

elevation map (Figure 242 Roughness length of WR®changes between 60675
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m (see fig. 2.8). There is also a high hill which has height over the 1606aated
in the Northeastern part ahewind farm. WPR6 is the most complex terraandit

hasthe highest roughnedseight.

The installed capacity of WP®is 135 MW which conists of 54 wind turbines. Table
2-17 gives summaryinformation about the WRB. The wind farm has3.6-year
available data wich have 60 minutes time interval. Available data starts from 1
January 2013 and enda 31 July 2016.

The wind farm is located in 1021 m elevation @dhe sea leveMWPR6 is also
located in thénighestterrain above the sea levelthis study which mass thelowest

density and mearmessure

Table2-16 Data Information for WP

Variable Value

Elevation 1021 m

Start date End date | 1 January 2013
00:00

31 July 2016 14:00

Duration 3,6 years

Length of tme step 60 minutes

Mean Wind Speed 5,87 m/s

Mean, maximum and minimum values of Temperature, Air Presswdair density

could be seen from the Talflel?7.
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Table2-17 Meteorological Information for WRB

Mean Min Max

Temper at 12,8 -7,4 32,2
Pressure(mbar) 892,5 871,5 906,1
Air Density (kg/nv) 1,09 1,02 1,17

The prevailing wind direction is W for WP®which is calculated from all WOS wind
direction data by using R Project that cob&ksean from the figure2.26. However, it
couldbe undersiod from the figurethat,wind speeds are low for WPRE
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Figure2.26 Wind Rose for WP

Figure2.27 shows that ALADIN and4 WRF grid locations thahave been pointed
on the mamccording to Observam Station and turbine locatianhe location of
observation station is 1021 m above the sea I&AADIN 3 and WRF Igrid points

arethe closerto the location of WOS. The terrain tife wind farm is surrounded by

the mauis and valleys.
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Figure2.27 Location of WPF6 turbines, Grid Points and WOS
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CHAPTER 3

3. DATA ANALYSIS AND RESULTS

This chapter includes detailed analysis for wind speed predictions at diffienent
scales for each WPP. First of all winds speed predictions are evaluated at monthly,
daily, and hourly time scales. Statistical measures of RMf&S,and correlation
coefficient of predicted wind speed from each model have been calculated for each
grid point. The most successful grid points have been determined accortbhng b

RMSE and mean bias and highest correlatioarrial analysis have been made for the
selected best grid points. Energy predictions and error rates are also examined to find
relationship between energy and wind speed.

Analyzing diurnal variation of wind speed and wind power is important for electricity
markets. It is also required for planning issues on wind power plants. According to
theamountof consumption, electricity tdfs are divided into Jeriodsin Turkey as

follows:
PuantPeriod:17.0022.00
Night Period:22.06306.00
Daytime Period: 06.047.00

The period withcheapeelectricityfor consumers and the more expensive period for
producers is the night periog22:00-06:00) and the most expensive period for

consumers iPuantPeriod (17:0022:00) Therefore, error rates should be lower

especially apuantperiods for the prodrers to maximize their reven{fl].
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3.1WPP-1

The turbines of WPR are laid down in southwesbrtheast direction (Figure 2.3).
The WOS data covers 27 months (betw@anuary 2013 and April 2015) because
WOQOS station had been demolished in April 2015. Therefore, prediction and energy

values have been arranged based on these data period.

3.1.1. Evaluation of Wind Speeds at Monthly, Daily, and Hourly Time Scales

Figure 31 shows the seasonal wind direction frequency of hourly data from
observation (WOS). It shows that the wind speed has the highest values in summer
and prevailing wind direction is NE and NNE for WPP 1. In spring and winter seasons
wind speeds are lower tharetbther seasons. According to Table 2.5, rated wind speed

is 13 m/s and cut in wind speed is 3 for WP#irbines. Therefore it could be expected

that the production of WRP should be higln summer and fall. To understand this
seasonal effect for prodush, WPR1 monthly averageshave been examined.
Observation station has 3 wind speed sensors at different heights, v80 has been

selected because the turbine hub height is also 80 m.
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Figure3.1 Seasonal Wid Rose from observed data (\WRP

Figure 32 shows the wind direction frequency at hourly time scale from observations
and all model s vi¥t8 of wdd Blavedhe WAS dpextions semsors fi
with height (78 m.a.g.l or 48 m.a.g.l.) and theyhbshow that the prevailing wind
direction is approximately 4%NE) with the frequencies of 40 to 70 percent. ALADIN
prediction for Grid 1 and ECMWF predictions for all grid points show close match to
observed direction and frequency range. GFS wind tireealues are different for
this wind farm. As it mentioned in Figure 2.6, WRKGFS and ECMWF Grid 1) and
ALADIN 1 are the closest grid points to the WOS.
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Figure3.2 Wind Rose for all Grids (WRR)

Figure 33 shows the monthly mean wind speed calculated over 27 morbuaoty

data from observations (WS80, WS65, and WS50), ALADIN, GFS, and ECMWF at
four grid points. WS80, WS6andWS50 are the heights (m) of real measurement
sensors. The dashed lirm® the average values for 4 grids (ALADIN avg, GFS avg,
ECMWF avg). Models unrealistically overestimate the monthly wind with reverse
trend on January, February and March. All models follow a similar trend with
observation during the rest of the monthstire year.However, a significant
underestimation behavior throughout the period exists. Among models ALADIN
predictions particularly for estimates from grid 4 show the best agreement with
observation. The discrepancy between observaiod modelsare greatly reduced

with ALADIN model during summer months. GFS and ECMWF Grid 4 have the worst
prediction performance. The locations of Grid 4 is 413 m.a.g.l. and the distance
between Grid 4 and WOS is approximately 6 km which the outermogtsgedrlable

2.2). The error should be reasoned this distance. Wind speeds reach the highest
monthly mean values (up to 11 m/s) during summer months while they drdprtgH

during winter months.
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WPP-1 Monthly Avg. Wind Speed Profile
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Figure3.3 Monthly Wind Speed Profile (WRR)

Figure 34, 35, and 36 show scatterplots between observed and modeled daily
averaged wind speed at each season for ALADIN, GFS, and ECMWF, respectively.
Results from all grids points are shown in these figures. ALADIN model steow
similar performance from all grid points at each season. The overall underestimation
feature for all range of wind values in fall, summer and spring is slightly improved
with results from grid 1 (see Fig.33. In winter, for wind speed higher than s

the model results show underestimatishile for wind speed less than 7.5 m/s they

show overestimation.
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ALADIN Daily Avarages for WPP-1
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Figure3.4 Daily Avg. Scatter Plot for ALADIN Predictions (WPB

Throughout the range of dgilwind speeds between 2.5 and 18 m/s GFS
underestimates the wind in fall and summer (See F&). Bowever, for low wind
values up to 6 m/s in spring and up to 7.5 m/s in winter the GFS overestimates the
wind. The level of underestimation increases lar¢ivard higher wind speed values
(see Fig 3). Among the grid points, GFS results from Grid 3 show slightly better
performance in all seasons.
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GFS Daily Avarages for WPP-1
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Figure3.5 Daily Avg. Scatter Plot for GFS Predictions (R(R)

A similar prediction performance like in GFS seems to appear in ECMWF predictions
at each season (Figure6B. The distribution is more scattered but the level of
underestimation is more reduced with ECMWF results. The initial condition of WRF
modelis responsible for these changes. It seems that Grid 3 provides the best scatter

distribution.

According to the analysis of averaged daily wind speed provided in these scatter plots
(Fig 34, 35, and 36) the GFS model is less reliable for all seasam$ @ther two
models (ALADIN and ECMWF) depending on their seasonal performances are more

preferable in wind power production.
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ECMWF Daily Avarages for WPP-1
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Figure3.6 Daily Avg. Scatter Plot for ECMWF Predictions (W2

The timeseries of daily average wind speeds calculated from all data period from
ALADIN, GFS and ECMWF for 4 grids are compared with observed wind speed in
Figure 37. This figure shows that while GFS and ECMWEF predictions are generally
underestimated, ALADIN vakes are closer to observation values. This

underestimation is more significant particularly for during summer and also towards
fall season. WRF with ECMWF shows somewhat better skill than WRF with GFS. For

winter and early spring all three models showigligverestimation.
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WPP-1 Daily Avg. Wind Speed Profile
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Hourly statistics obias RMSE and Correlation Coefficients are calculated for each
season and model grbints from ALADIN, GFS and ECMWEF in Table 3.1. The
table indicates that all three models show strong underestimation indicated with
negativebiasvalues for fall and summer and overestimation (positiag for winter.
Winter correlations for all modelre the lowest in the order of average 50% when it

is compared with other seasons. ALADIN (grids 1 and 3) and ECMWF show
overestimation for spring, GFS shows underestimation for this season. Based on the
statistical measures available in this table, thestnpoeferable grid that yieldbe
lowestbiasand RMSE and high correlation coefficient is selected with respect to each
season and model as follows: ALADIN 1, GFS 3, and ECMWEF 3 for fall, ALADIN 2,
GFS 3, and ECMWEF 2 for spring, ALADIN 1, GFS 3, and ECMW/ for summer,

and ALADIN 3, GFS 3, and ECMWEF 4 for winter. The evaluations provided in the
following subsections are made according to these grids for each season. The
optimum grid selection that provideke lowest bias and RMSE, andhe highest
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correlation coefficient for each model is highlighted and underlined in the table (blue

for fall, yellow for spring, red forammer and purple for winter).
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Table3-1 Seasonabias RMSE and Correlation Coefficienfisr all models and gridom hourly data

Bias [SEASONALADIN -1ALADIN -2ALADIN -3ALADIN -4GFS-1/GFS-2GFS-3GFS-4ECMWF -1ECMWF -2ECMWF -3ECMWF -4
Fall 0,816 | -1,500 -0,932 -1,965 [-1,973-1,973-1,867-2,497 -1,434 | -1,434 | 1,411 | -2,563
Spring | 0,48 -0,003 0,379 -0,500 |-0,074-0,074-0,013-0,665 0,104 0,104 0,159 | -0,923
Summer, JONOD | -1.326 | -1,231 -1,513 [-3,509-3,509 100806 -4,163 -2,746 | -2,746 | B | -3,947
Winter | 1,329 0,673 1,184 0088 | 1,027/ 1,027/ 8086/ 0,382 1,206 1,206 1,204 0,013
RMSE| Fall 4,658 4,665 4,588 4,826 3,599 3,599|3,542|4,051] 4,361 4,361 4,287 4,740
Spring | 4,835 4,719 4,783 4,744 |4,706|4,706|4,654| 4,770 4,626 4,626 4,659 4,693
Summer, 20D 4,327 4,315 4,492 |4,757/4,757 BGHB| 5,521| 4,971 4,971 |3 5,708

Winter | 6,668 6,469 6,513 6,494 |5,441]5,441/5,395/Bl8Y| 5,934 5,934 5945 | BB20 |
CC | Fall 0,436 0,438 0,406 0,449 |0,740|0,740/0,739/0,712| 0,433 0,433 0,437 0,412
Spring | 0,453 0,447 0,433 0,450 |0,377/0,377/0,384/0,329| 0,402 0,402 0,392 0,373
Summer  DOES 0,613 0,589 0,621 |0,804|0,804 i@ 0,756/ 0,585 0,585 0,601 0,555
Winter | 0,063 0,047 0,083 0,017 |0,232/0,232| 08246/ 0,215 [PIOEE 0,058 0,058 0,047




In summary, these results show that all three models mostly underestimate wind speed
at hourly, daily and monthlyimescales for alseasons except winter at WRP
ALADIN 1 GFS 3, and ECMWF 3 provide better wind speed prediction performance

generally.

ALADIN biasvalues is lower than ECMWF and GFS for fall season. ALADIN values
showbetter distribution especially feummer and fall seasons than other predictions.
ECMWEF predictions are obviously insufficient for fall and summer seasons.
Differences in WRF estimates depend on the accuracy of initial and boundary
conditions from ECMWF and GFS. The higher resolution ki) of ECMWF
products provides more representative initial condition during summer and fall seasons
comparing to the coarggoducts 25 km)of GFS. However, ALADIN model better
resolves the atmospheric physics in summer and fall for this study lodatiemd

power prediction variability in seasonal model performances is of critical importance.

3.1.2. Diurnal Variation
Diurnal variation of temperature, wind speed, and wind speed statistics (RNSE,
and correlation coefficients) are prepared for eachoseas the assigned best grid

location.

Figure 3.8 shows mean diurnal temperature profile from observation, ALADIN, GFS,
and ECMWEF at fall, spring, winter and summer. In a typical diurnal cycle of
temperature the peak value occurs around 2 p.m. in thre@dte All models except
ECMWEF shows this feature in all seasons. ECMWF shoWslag shift to earlier in

the occurrence time of the peak. ECMWF and GFS show overestimation during
daylight time and it is substantially high-43’C) at peak time. Daylighgerformance

of ALADIN in spring and summer is superior and it is also much better than ECMWF

and GFS during fall and winter. However, temperature variation in nocturnal times is
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better simulated by ECMWF and GFS in all seasons. ECMWEF releases the highest

amplitude in temperature variation between day and night in winter.
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Figure3.8 Diurnal Temperature by seasonally for the best grids AWPP

Figure 39 indicates mean diurnal cycle of wind speed from olet@n and three
models (ALADIN, GFS, and ECMWF) at fall, spring, winter and summer seasons.
Observed wind speeds decrease from nighttime to midday and then starts to increase
until evening hours (20:00) in fall season. ECMWF 3 shows a similar hourly
oscilation with observed wind speed. GFS 3 is closer to them, however ALADIN 1
showstotally different hourly variationsAll models show underestimation at each
hour of the day in fall season. In spring season, all models except ALADIN 2 have
almost same holyr oscillation with observed wind. Increasing trend shifted to earlier
times (4 hours) in ALADIN 2 but its peak time is same with observation. Diurnal
amplitude of ALADIN between day and night is the highest. Spring wind speed values
are also lower than aand summer. Winter predictions from all three models are
worse than other seasons. Only GFS oscillations with smoother tendency are similar

to observations. All three models except nocturnal hours of ECMWF show substantial
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overestimation during the haiof day. Summer wind speeds are higher and ALADIN

is closer to observed wind speeds. All models have same oscillation with earlier timing
for minimum and maximum wind speed when they are compared with observed wind
at summer. Significant underestimati@afure from the models is also evident in this
season. Among seasons the best model performances for diurnal cycles are obtained
in spring. Maximum observed wind speed in the day occurs-a81turs in winter

and spring and at 22 hours in summer andlf seasons. All models hardly follow

this feature in summer, fall, and winter and their occurrence time shifts to earlier.
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Figure3.9 Diurnal Wind Speed by Seasonally for the best grids (WPP

Figure 3.0, 3.11, and 3.2 show the diurnal variation of RMSBjas and Correlation
Coefficient for ALADIN, ECMWF and GFS at fall, spring, winter and summer
seasongespectively It is obvious that RMSE is higher at early times of day and it
starts to dcrease with the rising of the sun. After 17:00, RMSE starts to increase again
for fall and winter. However, spring RMSE values are decreasing until 14:00 and start

to increase until the sunset in opposite to temperature variation. GFS is obviously
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succesl for fall and winter and better than other models during the evening for
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Figure3.10 Diurnal Cycles for RMSE of Wind Speed (WA

All range of diurnabiasvalues changes between + 2 a@dn's for all seasons (Fig.
3.11). ECMWEF is better than other models for winter period. ECMWF and GFS have
lower biasthan ALADIN for spring. Springbias values are also lower than other
seasons. Generally, all models shows undereastimations during nigheadgpd
morning periods but they showed overestimation at midday. ALADIN and GFS show
positivebias(overestimation) during entire cycle in winter. In addition, ECMWF and
GFS stay with negativbias (underestimation) during all hours of cycle in fall and
summer. Crest region of ALADIN is always positivelyased in all seasons. This is

only the case with ECMWF and GFS in spring and winter. Summer season has the

heighest negativieias and ALADIN is better than other models.
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Figure3.11 Diurnal Cycles fobiasof Wind Speed (WPR)

It is obvious that GFS has the highest correlation for summe0(9)8fall (0.70.8)

and winter (0.20.3) season (Fig. ). In these seasons, correlation values are almost
the same for all hours of the day. ECMWF and ALADIN show 30% decrease in
correlation from these values for these seasons. Even though GFS produced higher
RMSE andbias this model showed better diurnal trend. In spring, ALADIN has
correlation values of 0.46.5and they are better than the values released by GFS and
ECMWEF (0.30.4). Correlation coefficients during the day and night have not obvious

oscillation like in RMSE an@iasplots.
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Figure3.12 Diurnal Cydes for Correlation Coefficient of Wind Speed and
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3.1.3. Energy Comparison

Figure 3.B shows the correlation betweaind speedand power, and histograms of
wind speed and power production values.
matix shows the wind speed histogram. Wind speeds are gattemgsebetween 3

and 8 m/s which means wind mostly blows within this range of wind values. The
frequency of wind speeds also decreases until 20 m/s, which is fair enough for the
producer. The scar plot graph on the matrix shows the correlation between wind
speed and power. It Emilar to power curve (Figure.21 ) . The APower FI
graph shows the frequency of power valuBse installed capacity of WPPis 120

MW. However 85 MW productims are higher than others which means produced
electricity is low for these wind farm. In fact, approximately % 33 percent of wind
speed is smaller than the 3 m/s, this is the reason of lower produced power. The
maximum produced power value for WRHs aproximately 89 MW which means

the wind farm never produced full capacity electricity. The reason of this might be
limitations on the grid in 2014, 2015 or the wind farm could be rise their capacity after
those years.The pearson correlatioroefficient béween energy and wind speed is
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0.87 which is indicated on the top right of the matrix. The 50% percent of the wind
data corresponds to the wind values greater thad ®/s. However, the mean wind

speed is around 8.46 m/s.
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Figure3.13 The Relationship between Observed Wind Speed and Produced Power
(WPR1)

Figure 3.4 shows the diurnal variation of predicted and observed energy and wind
speed values at each season. Wind speed values are selected ffioa siep of

RITM forecast system that combines all three NWP (ALADIN, ECMWF and GFS)
model outputs. Final products from RITM system also include correction to predicted
wind speeds. First row shows produced and predicted power values at each season and
the bottom row shows the wind speed prediction and observed values for these seasons.
Similar diurnal wind patterns shown in previous section also appear in these figures.
Overall underestimation in fall and summer and overestimation in spring and winter
seasons appears in these combined final wind product. With the modification
performed in the system the weakness in models prediction performance is improved.
However, the modification seems not affecting the winter performance. Wind energy

production of WPRstarts to decrease from 08:00 am to 12:00. It generally starts to
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increase after the midday. Summer and spring energy predictions are closer to each
other. However the difference between energy production and predictions are higher
for fall and particuldy for winter seasons depending on differences in wind speed
prediction. Discrepancy in wind estimates also the cause for discrepancy in power
estimates. Therefore, the accuracy of power estimates strongly depends on the
reliability of wind predictions. Itmeans quality of wind speed predictions direct

affects energy predictions.
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Figure3.14 Diurnal Cycle for Energy and Wind Spe@i{PR-1)

Figure 3.5 shows the monthly RMSE values according to final véipeled predictions

and energy predictions for WPP Wind speed RMSE values are higher at winter
months and starts to decrease after April. Energy RMSE values are smaller than the
wind speeds. They have an increasing trend after the September. Thisaistatsw
indicator how the energy production depends on wind speed. The smaller the wind
prediction error the more reliable forecast of energy production. Winter and fall

seasons show the least reliatdeecast of power production.
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3.2.

WPP-1 Monthly Avg. ENERGY and Wind Speed RMSE
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Figure3.15Monthly RMSE for Wind Speed Predictions (WRP
WPP-2

The turbines of WPR are laid down in southeasbrthwest direction (Figure 2.7).
The WOS data covers 4.1 years (between November 2012 and December 2016).

Therefore, prediction and energy values have been arranged based on these data

period. WPP2 is located in more complex terrain than WEP

3.2.1. Evaluation of Wind Speeds at Monthly, Daily, and Hourly Time Scales

Figure 3.5 shows the seasonal wind directioaduency of hourly data from WOB.

shows that the wind speeds redled highest values in summer and prevailing wind

direction is NNEfor WPP2. In spring and winter seasons wind speeds are lower than

the other seasonk.could also be seen from the figy there are two prevailing wind

directions which are S and NNE for winter timdecording to Table 2.5, rated wind

78



speed is Tm/s and cut in wind speed isWBsfor WPR2 turbines. Therefore it could
be expected that the production of WPRhould be hgh in summer and fall.
Observation station has 3 wind speed sensors at different h@gh&0, 30 m)v65
has been selected because the turbine hub height B5aiso
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Figure3.16 Seasonal Wind Rog8VPR-2)

Figure 3.7 shows the wind direction frequency at hourly time scale from observations
and all models at four grid points. N is the prevailing wind direction for observation
values,however ALADIN grid 1, 2 are pointed to opposite directions, yeanty all

grid point predictionsndicateNE.
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Figure3.17Wind Rose for all Grids (WRR)

Figure 3.B shows the monthly mean wind speed calculated over 4.1 years of data from
observations (WS65, WS50, aiwvS30), ALADIN, GFS, and ECMWEF at four grid

points. WS80, WS6&ndWS50 are the heights (m) of real measurement sensors. The
dashed lines are the average values for 4 grids (ALADIN avg, GFS avg, ECMWF avg).

It could be seen from the figuthat monthly nmean wind speed predictiorisr
ALADIN are underestimateahntil June ALADIN predictions are overestimated for
summer months and underestimation occurs rest of the yeararfGHSCMWHFgrids

are showed different fluctuation between each other. While GFE@MWF grid 2

is overestimated during November, December, January, February and March, the rest
of GFS and ECMWEF grids are underestimated for this months. All GFS and ECMWF
grids are showed underestimation during April, May and June. However,
overestimatia occurs until the Octobdor GFS ECMWEF Grid 2 is overestimated

until the end of the year. ECMWF Grid 1 and 3 is underestimated for November, but

underestimated for the rest of the year.

To brief, there 1 snot-2nohty avengss. Ibshoultd ker mo d e |
stated that GFS predictions are closer to observation line during summer and fall

months andheaveragdine for ECMWF grids is closer to observations from January

to April. Wind speeds have reachedhe highest monthly mean valugzarticularly

in summerimes similato WPR1.
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WPP-2 Monthly Avg. Wind Speed Profile
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Figure3.18 Monthly Average Wind Speed Profile (WE2R

Figure 319, 3.20, and 3.21showscatterplots between observed and modeled daily
averaged wind speeat each season for ALADIN, GFS, and ECMWEF, respectively.
Results from all grids points are shown in these figures. ALADIN model shows a
similar performance from all grid points at each season. The overall underestimation
feature for all range of wind valsén fall, springand summefsee Fig. 3.9). In winter,

for wind speed higher tha&8m/s the model results shawerestimationvhile for wind

speed less thanr/s they showindeestimation.
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ALADIN Daily Avarages for WPP-2
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Figure3.19 Daily Avg. Scatter Plot for ALADIN Predictions (WPB

Throughout the range of daily wind speeds between 4 and 10 m/s GFS mostly have
been distributed equally the wind in falhd summe(See Fig. 3.Q). In spring and
winter the range of daily wind speebistween 4 and 12 m/s. However, for low wind
values up to 9 m/s in GFS underestimates the Viamdspring. In winter, GFS
overestimates the wind particularly the range of dailydaspeeds between 7 and 11
m/s. Summerwind speed predictions for GFS distribd equally and summer wind

speeds are higher than all seasond.64m/s).
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GFS Daily Avarages for WPP-2
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Figure3.20 Daily Avg. Scatter Plot for GFS Predictions (WRP

A similar prediction performance like in GFS seems to appea€MWF predictions
at each season (Figure B)20nly, winter predictions for ECMWF are obviously

overestimated.

According to the analysis of averaged daily wind speed provided in these scatter plots
(Fig 33, 34, and 35) the ALADIN model is less rellae for all seasons and other two
models (GFS and ECMWF) depending on their seasonal performances are more

preferable in wind power production.
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ECMWF Daily Avarages for WPP-2
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Figure3.21 Daily Avg. Scatter Plot for ECMWF Predictis{WPR2)

The time series of daily average wind speeds calculated from all data period from
ALADIN, GFS and ECMWF for 4 grids are compared with observed wind speed in
Figure 3.2. This figure shows that while GFS and ALADIN predictions are generally
undeestimated, ECMWF values are closer to observation values until the summer
months However, ECMWEF and GFS are closer to observations than ALADIN rest of
the year. WRF with ECMWF and GFS shows somewhat better skill than ALADIN.
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WPP-2 Daily Avg. Wind Speed Profile
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Hourly statistics obias RMSE and Correlation Coefficients are calculated for each
season and model grid points from ALADIN, GFS and ECMWF in TaldeThe
tableshowsthat ALADIN shows strong underestimation indicated with negaties
values for fal] springandwinter and overestimation (positivebiag for summerGFS

and ECMWF show overestimation for fall, summer and winter and underestimation
for spiing. Winter has high RMSE and lowest correlation compared with other seasons

among all models.

Based on the statistical measures available in this table, the most preferable grid that
yields lowestbiasand RMSE and high correlation coefficient is seldat@h respect

to each season and model as follows: ALADINGFS2, and ECMWF4 for fall,
ALADIN 1, GFS2, and ECMWH for spring, ALADIN 1, GF$4, and ECMWH for
summer, and ALADIN2, GFS 2and ECMWF 4 forwinter. The evaluations provided

in the following subsections are made according to these grids for each season. The

optimum grid selection that provides lowésisand RMSE, and highest correlation
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coefficient for each model is highlighted apelst value for each seasanderlined in
the table (ble for fall, yellow for spring, red for summer and purple for winter).
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Table3-2 Seasonabias RMSE and Correlation Coefficients for all models and dgriois hourly data

ECMWEF - ECMWEF -

5ias | SEAS|ALADIN -[ALADIN -[ALAD IN -[ALADIN -
ON 1 2 3 4
Fall | -0,650 1123 | -1.412
Spring| -1,046 1728 | -1,906
SL;Tr‘m 0.603 | 0,369
Winter -1,655 -1,703

aMSE | Fall 9.966 | 10,189
Spring 11,280 | 11,491
Summ 7151 | 7.837
er
Winter 22928 | 21,595

cC | Fall 0.786 | 0.796
Spring 0,768 0,770
S“eTm 0,849 | 0,839
Winter 0,559 0,578




3.2.2. Diurnal Variation
Figure 323 indicates to diurnal temperature profile seasondllye graph roughly

appropriate for general diurnal variation of temperature. The difference dretles

and night temperatures tpiite low for springand winter and high fosummer
ECMWEF and GFS temperature predictions are mostly overestimated for fall, spring
and summer during the day. In night time all predictiogarlyshow underestimation.
ALAD IN have different oscillation thaother for each season particularly in winter.

It should be stated that ALADIN is worse than all models.
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Figure3.23 Diurnal Temperature by seasonally for the best qidBR-2)

Figure 324 indicates mean diurnal cycle of wind speed from observation and three
models (ALADIN, GFS, and ECMWEF) at fall, spring, winter and sumsegisons.

Observed wind speedse almost constant during the night and starts to decrease until
the 14:00. ECMWF and GFS predictions are similar to each other. ALADIN is totally
different from them. Summer and fall oscillations are better than winter and spring.

Winter predictions are worse than other seasons. Summer wind speeds are higher than
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othe seasons similar to previous graphics. All wind speed predictions has suddenly
decreased at 02:00 am. Spring wind speed values are also lower than fall and summer.

Wind speeds reaches maximum value at 18:00 for each season.
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Figure3.24 Diurnal Wind Speed by Seasonally for the best grids (MPP

Figure 325 indicates mean diurnal cycle of RMSE for three models (ALADIN, GFS,
and ECMWEF) at fall, spring, winter and summer seasons. It is obvious that RMSE is
higher at early times of day and it starts to decrease with the. Af&y, RMSE starts

to increase agairtGFS and ECMWEF is better than ALADIN for all seasons. Winter
RMSE values are higher than other seasBRS is better than other models for winter.
Summer RMSE values are also lower than other seasons. ALADIN is better during the
midday for summer. RMSE values are generally higher for all seasons at puant and

night period which means revenue of wind farm should be low for this hours.
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Figure3.25Diurnal Cycles for RMSE of Wind Speed (WRFp

Figure 3.5 indicates mean diurnal cycle lasfor three models (ALADIN, GFS, and
ECMWEF) at fall, spring, winter and summer seassimsilar to the diurnal RMSE
graphics. Diurnabiasvalues change between + 1 aBan/s for falland springseason.
GFS and ECMWEF error rates asmallerthan the ALADIN, except fronsummer
ALADIN shows underestimation for fall and winter during the night. ECMWF 4 is
better than otheor fall and winterECMWF and GFS have lowerasthan ALADIN

for spring.Summetbiasvalues are also lower than other seasons.
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Figure3.26 Diurnal Cycles fobiasof Wind Speed (WPR)

Figure 327 indicates diurnal cycle of correlation coefficients between wind speed and
three models (ALADIN, GFS, and ECMWF) at fall, spring, winter and summer
seasonsin fall ALADIN has highercorrelation than others, however ECMWF and
GFS hae been reachedhe highestvalues at midday. Fall, spring arsiimmer
correlationsare higher than other seasons for all model8-0.9). The lowest
correlationsare seen awinter (0.6, 0.75) ECMWEF has better correlation than others

for winter at midday and ALADIN better than ethfor early morning hours. There is

a decreasing trend during the night and increasing trend during the day until the sunset.
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Figure3.27 Diurnal Cycles for Correlation Coefficient of Wind Speed and
Predctions (WPP2)

3.2.3 Energy Comparison
Figure 3.8 shows the correlation betweaind speedand power, and histograms of

wind speed and power production values.

shows the wind speed histogram. Wind speeds are geiteansebetween 3 and5

m/s which means wind mostly blows within this range of wind values. The frequency
of wind speeds also decreadestween 15 an@0 m/s,which is enough for the
producer. The scatter plot graph on the mdthg graph on the leftottom)shows the

correlation between wind speed and power. It is similar to poume (Figure2.1).

The

The fi®oweraph shows the frequency of power v

WPP2is 240 MW. Howeverthe 50 % percent of energy values are grethan 20
50 MW. The maximum produced power value for WPR alsoaround 240 MWThe
pearson correlatioroefficient between energy and wind speed is3 @dich is

indicated on the top right of the matrix.
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Figure3.28 Relationship between Observed Wind Speed and Produced Power (WPP
2)

Figure 3.29shows the diurnal variation of Energy and Wind Speed values by
seasonallyPredicted values are combination of all methods in the RITM forecast
system for both eergy and wind speedBirst row shows to produced and predicted
power values by seasonally and the bottom row shows the wind speed prediction and
observed values. All seasons same diurnal variations are performed both power and
wind speedThe diurnal va@ation of observed wind speed are same with the produced
power for all seasons. As it is expected prediction values of wind speed and energy
have same trend during the daroduction drops at midday hours for fall summer and
winter by depending on the wirgiheeds. In spring, there is 2 hours lag shift to earlier

in the occurrence time of the peak between predicted and observed values. Although
energy and wind speed predictions dramatically decrease from early morning to
midday, observed values shows revetsend. Underestimation in wind speed

predictions during all seasons are reflected to the energy predictions except from
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summer. Power predictions are well regulated by RITM combining methods for this

season.
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Figure3.29 Diurnal Cycle for Energy and Wind Speed (WPP

Figure 330 shows the monthly RMSE values according to final wind speed predictions
and energy predictions for WFPP EnergyRMSE values are higher at winter months
and starts to decrease aftfdarch Energy RMSE values atdgher than the wind
speeds. There is ancreasing trend after the Septembafind speed RMSE values

seems nearly constant during the entire year and smaller than the energy RMSE.
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WPP-2 Monthly Avg. Energy and Wind Speed RMSE
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Figure3.30 Monthly RMSE for Wind Speed Predictions (WRJP

3.3. WPP-3

WPR3 is the most flat terrain in this study. The turbines of V8HBcated in €80

m.a.s.| and laid down in northwesbutheast direction (see figure 2.13). The grid
points of WHP-3 are located in sea which means-agaosphere and largka
interactions should be taken into account for this models. The observation station of
WPR3 has 2 wind speed sensors at different heights (45 and 30 m), v45 has been
selected because the turdinub height is 46 m.
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3.3.1. Evaluation of Wind Speeds at Monthly, Daily, and Hourly Time Scales

Figure 3.3 shows the prevailing wind direction seasonally. The figure shows that
prevailing wind direction is the North for all seasdAewever,wind speed vales are

low particularly in spring and winter. Tleghestwind speed values occur smmmer
season. Fall has better wlispeeds than spring and winter. According to Table 2.5,
rated wind speed is 13 m/s and cut in wind speed mg/s3for WPR3 turbines.
Therefore it could be expected that the production of VBBRould be high at summer

season.
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Figure3.31 Seasonal Wind Rog8VPR-3)

Figure 3.2 shows the wind direction frequency at hourly time scale fsbeervations
and all model s vidt3 of wddh Blavefhe WQ@AS dpextions semsors A
with height (43 m.a.g.l or 28 m.a.g.l.) and they both show that the prevailing wind
direction is approximately #%N) with the frequencies of 60 percent. GFgdiction

for Grid 1 and 2 indicates to opposite direction of other models and grid points which
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are the closest points of wind farm. Other models shows the NE prevailing wind
direction. ALADIN Grid 1 is located in land which also shows NE. The diffexenc

between models and observation are originated fromdaadlifferences.
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Figure3.32Wind Rose for All Grids (WPR)

Figure 3.3 shows the monthly mean wind speed calculated over 4 year of data from
observations (WS45, and WS30), ALADIN, GFS, and ECMWEF at four grid points.
WS45andWS30 are the heights (m) of real measurement sensors. The dashed lines
are the average values for 4 grids (ALADIN avg, GFS avg, ECMWF avg). Models
unrealistically overestnate the monthly wind for all montha/ind speeds reach to the
highest monthly mean values, particulanyrebruaryThe sensoat 30 m is closer to
prediction values and themonthly variation. The difference between models and
observatiorsensors is gte high until at Junedowever ALADIN is closer than other

predctions between May and August.
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WPP-3 Monthly Avg. Wind Speed Profile
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Figure3.33 Monthly Average Wind Speed Valu@4/PR-3)

Figure3.34, 3.3 and 3.% indicates scattaslots etween observed and modeled daily
averaged wind speed at each season for ALADIN, GFS, and ECMWEF, respectively.
Results from all grids points are shown in these figuldfADIN fall and summer
predictions show overestimation aralso spring and winter valige closer to
observation line. gee figure 3.3 Fall values are smaller than 10 m/s and
overestimation is obvious. In summer for wind speed higher than 10 m/s models shows

underestimation.
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ALADIN Daily Avarages for WPP-3
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Figure3.34 Daily Avg. Scatter Plot for ALADIN Predictions (WRB)

GFS values could be geérom the kgure 3.35. All grid points for GFS predictions
are overestimated. Only winter time seems betterAk&DIN . Wind speed values
arethesameintervalwith the ALADIN.
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Figure3.35Daily Avg. Scatter Plot for GFS Predictions (WBP
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Figure 3.36 shows the ECMWF predictions likewider GFS and ALADIN . All

seasons eveninter and all grid points show overestimation ECMWF-.
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Figure3.36 Daily Avg. Scatter Plot for ECMWF Predictions (W8P

To sum up, thee resultsshow that the ALADIN, GFS and ECMWEF initial data
predictions are mostiyverestimatedintertime ALADIN predctionsare better than

other seasonand predictionsMonthly average akerved wind speeds are lower in
winter, however predicted wind speeds are higher. Theralso big difference
between predicted and observed values. Observed wind speeds aréohiginermer

time and lower winter timeMonthly averagesare not higher than 9 m/&@ne can
understand that the models are not good enough to predict lower wind speeds. But

other results have toe examind as well.

The time series of daily average windeeds calculated from all data period from
ALADIN, GFS and ECMWEF for 4 grids are compared with observed wind speed in
Figure 337. This figure shows the overestimation at first quarter of the year which is

similar to monthly averages (see figure 3.34). Hoavelaily average wind speeds are
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higher than monthly averages. All models are better at second half of the year and

wind speed values changes between approximately 5 to 12 m/s.

WPP-3 Daily Avg. Wind Speed Profile

— Observation
5 | - = Gridl
-+ Grid2
Grid3
----- Grid4

ECMWF (m/s)

GFS (m/s)

ALADIN (m/s)

Figure3.37 Time Series o&ll NWP and Observation daf&/PR-3)

Hourly statistics obias RMSE andcorrelation coefficient@re calculated for each
season and model grid points from ALADIN, GFS and ECMWF in Table 3.3. The
table indicates that all three models show strong overastn indicated witlpositive
biasvalues forall seasonswinterand springorrelations for all models are the lowest
in the order of averag&s% when it is compared with other seasdI8ISE valuesre
higherin winter. Based on the statistical measueesilable in this table, the most
preferable grid that yields lowebtasand RMSE and high correlation coefficient is
selected with respect to each season and model as follows: ALADB¥S1, and
ECMWEF 1for fall, ALADIN 4, GFS 1, andECMWF 3for sprirg, ALADIN 2, GFS

3, andECMWEF 4for summer, andLADIN 4, GFS 1, and ECMWR3 for winter. The
evaluations provided in the following sglections are made according to these grids
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for each season. The optimum grid selection that provides ltwessind RMSE and
thehighest correlation coefficient for each model is highlighted and underlined in the

table (blue for fall, yellow for spring, red for summer and purple for winter).
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Table3-3 Seasonabias RMSE ad Correlation Coefficients for all models agildsfrom hourly data

=0T

aias | SEA[ALADIN -JALADIN -JALADIN -JALADIN -|GFS-[GFS-|GFS-[GFS-[ECMWF -[ECMWF -[ECMWF -[ECMWF -
SON| 1 2 3 4 1|02 ]3] 4 1 2 3 4
Fall 1,58 0,978 1,207 O.f7a 1,486 1,719 1,540 1,763 4,048 1,979 1,927 1,96
Sprin
g 3584 3374 3390  3,054354737143,6043755 3791 3857 3794 3,831
Sum
mer| 096¢ 0379 0,60 0830 1,274 1,247 1,16
Winte
r 4797 4,545 5,079 4,936 5,129 5,284
RMSE | Fal 4,434 4,424 4,493 4,431 4,53 4564 4521 4,549
Sprin
g 5974 5,874 16,2146,16(0 6,271 6,117 6,174
Sum
mer| 4,14 4156 4,15 4,129
Winte
r 7,741 7594 7,600 8,023 7,920 7,95
cc |Fal 1064 059 0,617 0,643 0,648 0,64/
S%”” 0315 0284 0,302 028§ 0290  0,28¢
054 0,55 0,590 0,59-
021 0,229 : 0257 0254 0,25




In brief, these results show that all three models strongly overestimate at hourly, daily
and monthly time scales fail seasons. Winter season hiasworst results for at all

time scales and it has the highest RMSE, lowest correlation and Haggee$t could

be stated that, the initial conditions of NWP models have to begatafor lanesea

interactionsat terrairs near the sea. It seems the models are more successful at lands.

3.3.2. Diurnal Variation

Figure 338 indicates to diurnal temperature profile seasonalhe temperatre sensor

height is 7 m.a.g.IThe diurnal variation of temperature is approprie geneal
temperature variation. However overestimation occurs similaheowind speed
predictions. ALADIN is the closest to observed temperatures at winter. The
temperature differences between day and night are smaller for all seasons due to the
location of wnd farm. The biggest difference between models and observation are

seen at summer season.

Fall Spring
= Observation
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Ternperature {C)

Termperature (C)

Figure3.38 Diurnal Temperature by seasonally for the best grids (8PP
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Figure 339 indicates mean diurnal cyclof wind speed from observation and three
models (ALADIN, GFS, and ECMWEF) at fall, spring, winter and sumsearsons.

The figure shows that observed wind speed is nearly constant theuhay and night

except from summer. The predictions are closerbgeovations at this seasons and
diurnal variation of wind speed is similar to diurnal variation of temperature. Spring
and winter predictions are worse than other seasons. Observed wind speeds are always
higher at 14:00 am except from winter. ALADIN prethos seems better distribution

than other models for all seasons.
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Figure3.39 Diurnal Wind Speed by Seasonally for the best grids (8PP

Figure 340 indicates mean diurnal cycle of RMSE for three medALADIN, GFS,
and ECMWEF) at fall, spring, wier and summer seasod_ADIN has the lowest
RMSE for fall. Spring RMSE values for GFS and ECMWEF is similar to fivever
ALADIN has different fluctuation. ALADIN RMSE valueseach thehighestvalues
at 14:00 am. In winter, ALADIN again hake lowest RMSE and the biggest errors
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also occurs for this seasoBummer season has the lowest RMSE values and the
variation is similar to wind speed and temperature variations. It means that, when the
temperature andind speed increase, errors are also increase during day for fall and

spring.Winter and spring has theghestRMSE values.
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Figure3.40 Diurnal Cycles for RMSE of Wind Speed (WP

Figure 341 indicates mean diurnal cycle diasfor three models (ALADIN, GFS, and
ECMWEF) at fall, spring, winter and summer seassimsilar to the diurnal RMSE
graphics. Diurnabiasvalues change betweend5 and + 2n/s for fall season. GFS
and ECMWEF error rates are bgggthan the ALADIN Winter biasvalues are bigger
than other seasons for all models. (changes between + 4 and + 5.5 m/s). ALADIN has

negativebiasbetween04:00 and06:00 for summer seasoALADIN has lowerbias
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at sun rise and sunset timfes all seasonsGFS has lowebiasthan ECMWF for all

seasons.
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Figure3.41 Diurnal Cycles foBiasof Wind Speed (WP8)

Figure 342 indicates diurnal cycle of correlation coefficients between wind speed and
three modes (ALADIN, GFS, and ECMWF) at fall, spring, winter and summer
seasondt is obvious thaECMWF has thehighest correlation for summand fall In

fall, summer and winteECMWF predictionsis better than others. The lowest
correlations are seen at wingerd springThere is an increasing trend #®8LADIN at
middayhoursfor fall and spring. The sunset and sunrise correlations are lower than
other hours fospring season. GFS has lowest correlations during the spring. Winter
correlations for GFS is bettdran other models from 06:00 to 14:00.
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Figure3.42 Diurnal Cycles for Correlation Coefficient of Wind Speed and
Predictions (WPR)

3.3.3. Energy Comparison

Figure 3.8 shows the correlation betwewind spe€d and power, and histograms of

wind speed and power production values.

shows the wind speed histogram. Wind speeds&rsen between 3 to 15 m/s and

power production starts to increase this wind speBEds.relatonshipbetween wind

speed and power is nearly linear The #fAPower 30 graph shows
values. The installed capacity of WRBHRs 10.2 MW. However-& MW production
frequencies are higher than others. The maximum produced power value fe /PP

10 MW which means the wind farm rarely produced full capacity electricity. The
scatter plot graph on the left bottom of the matrix shows the correlation between wind
speed and power. It is similar to power curve (Figlig. The relationshigetween

wind speed and power is nearly linear. The frequency of wind speeds are also high
until 15 m/s, which is fair enough for the produdédre pearson correlatiaoefficient

between energy and wind speed is 0.82 which is indicated on the top right of the
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matix. The mean wind speed of entire data is 7.53 m/s and mean produced energy is
approximately 3.6 MW.

] 2 4 f 8 10
- 1 | 1 | 1 | R
HMiMVindSpeed3 o
' 0.82 e
Power3

Figure3.43 The Relationship between Observed Wind Speed and Produced Power
(WPR3)

Figure 344 showsthe diurnal variation of Energy and Wind Speed values by
seasonally. Wind speed values are selected frofimtdestep of RITM forecast system
which means aombinationof all NWP model outputs. First row shows to produced
and predicted power values bgasonally and the bottom row shows the wind speed
prediction and observed values. All seasons same diurnal variations are performed
both power and wind speedihe difference between production and predictions are
always high for all seasons except from suen. Spring and winter wind speed

prediction differences are bigger than other seasons. It is not possiséy tihe
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relationship between wind speed predictions and energy predictions are similar to each

other for spring season. It means combining all e®daould not be work for all

regions. The reason of this might be NWP grid points on the sémuih the biggest

errors occur in winter predictions. i speed and energy predictions have a similar

trend. In fall energy predictions starts to increasenfmidnight to midday. Even if

the difference between observed and predicted wind speeds is higher the variation of

energy and wind speed are similar to each other during the fall season. All naxgels h

the best performance during the summer.
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Figure3.44 Diurnal Cycle for Energy and Wind Speed (WBP

Figure 345 shows the monthly RMSE values according to final wind speed predictions

and energy predictions for WFR Wind speed RMSE values are highematter

months. Energy RMSE values are smaller than the wind speeds. They have an

increasng trend after the September.
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WPP-3 Monthly Avg. Energy and Wind Speed RMSE
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Figure3.45 Monthly RMSE for Wind Speed and Energy Predictions (V8PP

3.4. WPP-4
WPPR4 is located in a land which is effected by the Bea two different direction
(NE and NW) ALADIN -1 is the nearest grid for the wind farm. GFS and ECMWF

Grid 4 arelocated over the sea.

3.4.1. Evaluation of Wind Speeds at Monthly, Daily, and Hourly Tme Scales

Figure 346 shows the seasonal wind direction frequency of hourly data W%

The figure shows that evailing wind direction is NEor fall andsummerseasons
However wind speed values are low giaularly in springandwinter. Prevailing wind

direction is NW for thoseeasonsThehighestwind speed values occurthesummer

season. Fall has better wind speeds #imgandwinterseasons but h e y tlsat e n 6 t

much biggethan summer wind speedde geographical location of wind farm dou
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be responsible for two different wind direction. According to Table 2.5 rated wind

speed is 15 m/s and cut in wind speed is 4 m/s for M/RiPbines. Therefore it could

be expected that the production of WRBhould be high at summer season.
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Figure3.46 Seasonal Wind RoggVPR-4)

Figure 347 shows the wind direction frequency at hourly time scale from observations

and al

model

s vd7t8 of oiusr

tghrei dW@So i dhitrse.c tfii on

(78 ma.g.l) NE is the prevailing wind direction for observation valusswever,

nearly all grids are pointed to opposite direction exéeph ALADIN 2, GFS 4.
ALADIN 2 is located northwestern side of the wind famtichis near by the sea (see

figure 2.18).GFS 4 is also indicates to NE prevailing wind direction which is located

atthesea.
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Wind Frequency Rose
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Figure3.47 Wind Rose for All Grids (WPH)

Figure 3.8 shows the monthly mean wind speed calculated over 4.7 ydataofrom
observations (WS80, WS65, and WS50), ALADIN, GFS, and ECMWF at four grid
points. WS80, WS6&ndWS50 are the heights (m) of real measuremsensors. The
figure showsthat all models show underestimation and ECMWF predictions are closer
to obsevations. February and August values are bigger than other seasons. ALADIN

has worse predictions than othi€éFhe spring months are lower than other months.
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WPP-4 Monthly Avg. Wind Speed Profile
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Figure3.48 Monthly Average Wind Speed8VPPR-4)

Figure 349, 3.9, and 3.8 showscatterplots between observed and modeled daily
averaged wind speed at each season for ALADIN, GFS, and ECMWF, respectively.
Results from all grids points are shown in these figures. ALADIN model shows a
similar performane from all grid points at each season. The model results show
underestimation for all seasortsshows thatALADIN values for all seasons nearly

for all grids areunderestimatedn fall times wind speeds are not higher than 12 m/s
and all values under@sated. Inspringandsummerwind speeds changes between 5
m/s and 12.5 m/$lowever in winter times, dailyaverageshavereachedo 15 m/s but

again underestimatioexist.
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ALADIN Daily Avarages for WPP-4
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Figure3.49 Daily Avg. Scatte Plot for ALADIN Predictions (WPH)

GFS predictions arersilar to ALADIN for all seasons (Fig.3.90However they are

closer than ALADIN to observation line.
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Figure3.50 Daily Avg. Scatter Plot for GFBredictions (WPH)
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A similar prediction performance like in GFS seems to appear in ECMWF predictions
at each season (Figure B)5The distibution is same with the GFS.

ECMWF Daily Avarages for WPP-4
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Figure3.51 Daily Avg. Scatter Bt for ECMWF Predictions (WPR)

According to the analysis of averabgaily wind speed provided in these scatter plots
(Fig 349, 3.9 and 3.3) the ALADIN model is less reliable for all seasons and other

two models (GFS and ECMWF) depending on thesiseaal performances are more

preferable in wind power production.

The time series of daily average wind speeds calculated from all data period from
ALADIN, GFS and ECMWEF for 4 grids are compared with observed wind speed in
Figure 352. This figure shws that while ALADIN predictions are generally
underestimatedGFS and ECMWFvalues are closer to observation values. This
underestimation is more significant particularly for during summer and also towards

winter season. However all models generally shoderestimation.
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WPP-4 Daily Avg. Wind Speed Profile
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Figure3.52 Time Series of all NWP and Observation da&PP-4)

Hourly statistics obiag RMSE andcorrelationcoefficients are calculated for each
season and model grid points from ALMD GFS and ECMWEF in Table 8. The

table indicates that all three models show strong underestimation indicated with
negativebiasvalues forall seasonsALADIN correlations are lower for all seasons
than other models and RMSE values of ALADIN has alsohtighest for all seasons.

The most successful season for ALADIN is summer, however other models are again
better than the ALADINECMWF has better than other models for all seas®ased

on the statistical measures available in this table, the mostabiefeyrid that yields
lowestbiasand RMSE and high correlation coefficient is selected with respect to each
season and model as follows: ALADINGFS1, andECMWEF 4for fall, ALADIN 4,

GFS 3, and ECMWAR for spring, ALADIN 4, GFS 3, and ECMWF 3 for sunam

and ALADIN 4, GFS1, and ECMWEF 4 for winter. The evaluations provided in the
following subsections are made according to these grids for each season. The
optimum grid selection that provideke lowest bias and RMSE, and highest
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correlation coefficienfor each model is highlighted and underlined in the table (blue
for fall, yellow for spring, red for summer and purple for winter).
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5TT

Table3-4 Seasonabias RMSE and Correlation Coefficients for all modaigl gridsrom hourly data

__ [SEATALADI [ALADIN |ALADIN [ALADIN ECMWF [ECMWF [ECMWF [ECMWF
Bias [oon el | oo 3 4 | GFS1 | GFS2 | GFS3 | GFs4 |~ 5 3 .
Fall| -1,917 | -1,772 | -2,127 -0,929 -1,057 | -1,312 | 0,976 | -0,946 -0,967
Sn%” 2,168 | -1,845 | -2,10 | -1,727 | -0,872 | -0,841 | -0,765 | -1,068 | -0,858 | -0,784 | -0,782 | -0,890
SUM 1,280 | -1,039 | -1,390 0,917 -0,905 | -1,646 | -0,823 0,758 | -1,345
Wit 2,801 | -2,522 | 2,843 -1,464 | -1,432 1,382 | -1,382 | -1,379 | -1,334
4,726344,67272] 4,772114 2,48457(2,39175] 2,57472{ 2,38978( 2,49328/
RMSE|Fall| 4994 292 498 209 139 21§ 09§ 00
Spri| 4,4534¢ 4,30092 4,40088] 4,23886{ 2,49494] 2,56574(2,41443 2,59222{2,39427] 2,46913] 2,36618( 2,40626
ng| 498§ 357 853 443 37§ 83 713 157 488 315 885 03
Sum| 3,4450]3,36416/3,51543 2,27166/2,32788 2,6432812,14719] 2,13950 2,33522
mer| 1107 849 593 93] 70 436 693 64 91
Wint| 5,6850( 5,53564{ 5,58013 2,96479(2,91851{ 2,91236{ 2,76763] 2,86 1001 2,79465
er| 0805 303 958 033 913  00] 097 853  91¢
cC |Fall| 0,407 | 0413 | 0,411 0,821 0,832 | 0,840 | 0,824 | 0,849
Sn%” 0,399 | 0,404 | 0,391 | 0,408 | 0,779 | 0,763 | 0,787 | 0,772 | 0,799 | 0,780 | 0,799 | 0,798
0,683 | 0,679 | 0,679 | 0,861 | 0,850 0,866 | 0,874 | 0,867 0,888
o 0,441 0,432 0,842 | 0,844 | 0,846 0,854 | 0,862 | 0,854




3.4.2. Diurnal Variation

Figure 353 indicates to diurnal temperature profile seaign@he temperature sensor
height is 9 m.a.g.IThe diurnal variation of temperature is appropriate general
temperature variation. However overestimation ocdnrgontrastto wind speed
predictions. ECMWF and GFS have same variation for all seasons. ANABR
different from them. The difference between day and night temperatures are not high

for observations, but high for models except from ALADIN.
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Figure3.53 Diurnal Temperature by seasonally for thetlggls (WPP4)

Figure 354 indicates mean diurnal cycle of wind speed from observation and three
models (ALADIN, GFS, and ECMWF) at fall, spg, winter and summer seasoAH.

models are showed underestimation. In fall, ECMWEF variation with tinaémsst

same with the observed wind speed except from 02:0@bantire day All models

are suddenly decreased at this hour. In winter, observed wind speeds are higher at
mornings and getting decreased until the sunset. The fluctuation of models and

observed wd is quite different from each othéor this seasonin spring only
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ECMWE is closer to observation line and all models have different fluctuation.

However, GFShas same variation with observed wind speeds from midnight to

morning. In summer, all modelseem better than other seasons. Wind speeds are

nearly constant during the night and starts to increase after midday.
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Figure3.54 Diurnal Wind Speed by Seasonally for the best grids (\WPP

Figure 355 indicates mean diurnal cycle of RMSE for three models (ALADIN, GFS,

and ECMWEF) at fall, spring, winter and summer seasdhg& figure shows that
ALADIN has the highest RMSE for all seasons and gra@sS and ECMWF have

same fluctuation similar to wind spe ECMWF has lowest RMSE for all seasons.

RMSE is also nearly constant during the day except from 02:00 am. Summer RMSE

values are smaller than other seasons.
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Figure3.55 Diurnal Cycles for RMSE of Windked (WPH)

Figure 356 indicates mean diurnal cycle lfasfor three models (ALADIN, GFS, and
ECMWEF) at fall, spring, winter and summer seassimsilar to the diurnal RMSE
graphics. Diunal biasvalues change betweeB and Om/s for fall season. GFShd
ECMWEF error rates aremallerthan the ALADIN, except frommidday hours of
summer ECMWEF is better during the night and GFS is better during the day for fall
season. ECMWE is better for winter at all hours. In spring, &Svalues are smaller
than oher models during the night. However, when the sun rises ECMWF grid 1 are
showed bettebiasvalues than GFS until 20:00. Sumni®as values for GFS and
ECMWEF is similar to other figures, however ALADIblasvalues are smaller than

these two model durindpé day.
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Figure3.56 Diurnal Cycles fobiasof Wind Speed (WPf)

Figure 357 shows the diurnal cycle for correlation coefficients between wind speed
predictions and observationSLADIN correlation coeffcients are the lowest as it is
expected for all seasons. GFS and ECMWF have better and similar varidten.
highest correlation between wind speed and predictions occurs at summer time.
However, summer night correlations are lower when compared to aaygsv
ECMWEFis better at summer asg@ring. GFS for winter and fall have better correlation

during the day hours. ECMWEF istber during the midnight hours for these seasons.
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Figure3.57 Diurnal Cycles foiCorrelation Coefficient of Wind Speed and
Predictions (WPH)

3.4.3. Energy Comparison

Figure 3.8 shows the correlation betweaind speedand power, and histograms of
wind speed and power production values.
showsthe wind speed histogram. Wind speedsiensen between 3 to3dm/s and

power production starts to increase this wind speedse fA4Howearaph shows
frequency of power value3he installed capacity of WP#is 15 MW. However 05

MW productionsare higher than others. The maximum produced power value for
WPP4 is 15 MW which means the wind farm rarely produced full capacity electricity.

The scatter plot graph on the left bottom of the matrix shows the correlation between
wind speed and power. i$ similar to power curve (Figur2l1). The relationship
between wind speed and power is nearly linear. The frequency of wind speaids

high until 15 m/s, which is fair enough for the produc&he pearson correlation

coefficient between energy andna speed is @88 which is indicated on the top right
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of the matrix. The mean wind speed of entire data08 m/s and mean produced

energy is approximately MW.
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Figure3.58 The Relationship between Gliyged Wind Speed and Produced Power
(WPR4)

Figure 359shows the diurnal variation ehergyandwind speed/alues by seasonally.

Wind speed values are selected fromfthal step of RITM forecast system which
means aombinationof all NWP model outpst First row shows to produced and
predicted power values by seasonally and the bottom row shows the wind speed
prediction and observed values. All seasons same diurnal variations are performed
both power and wind speetihe difference between observed gnéddicted wind

speed are responsible for the differences in energy predictions during the fall seasons.
Summer predictions better for both energy and wind speeds. In spring and winter time,
there is a decreasing trend from midnight to midday for obselatad however models

predict to decreasing trend until the sunrise. There is an increasing trend from sunrise

125



to 15:00 for predicted data during winter and sprifig/P and energy oscillations are
similar to each other again.
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Figure3.59 Diurnal Cycle for Energy and Wind Speed (WRP

Figure 360 demonstrateshe monthly RMSE values according to final wind speed
predictions and energy predictions for WBPWVind speed RMSE values dmver
than energy RMSHkalues duringwvinter and summemonths and starts toacrease

after April.
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WPP-4 Monthly Avg. Energy and Wind Speed RMSE
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Figure3.60 Monthly RMSE for Wind Speed and Energy Predictions (WPP

3.5. WPP-5

The turbines of WP are laid down in northwesbutheast direction. The wind farm

is surrounded by two hills from west and southeast that are approximately over 1400
m above the sea level (Figure 2.3). The WOS data covers AYP&?5 is located in

one of the most completerrainin this study. The éight of the wind farm is 646
m.a.s.l. and all grids are over the 50@us.l.

3.5.1. Evaluation of Wind Speeds at Monthly, Daily, and Hourly Time Scales

Figure 361 shows the seasonal wind direction frequency of hourly data\Wa@®. It

shows that the wind sgds reaclhe highest values in summer and prevailing wind
direction is NW for WPP 5. In spring and winter seasons wind speeds are lower than

the other seasons. According to Table 2.5, rated wind speed is 17 m/s and cut in wind
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speed is 4 for WPB turbires. Therefore it could be expected that the production of
WPR5 should be higim summer and fall.
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Figure3.61 Seasonal Wind Rog8VPR5)

Figure 362 shows the wind direction frequency at hourly timdesé@m observations
and all model s vi¥t8 of wdd Blavefhe WAS dpextions semsors fi
with height (78 m.a.g.l or 48 m.a.g.l.) and they both show that the prevailing wind
direction is approximately315® (NW) with the frequencies of 40 t@0 percent.
ECMWF Grid 3 shows the same prevailing wind direction with observations.
However, GFS and ECMWF Grid 4 shows the 19¢SkEE), ECMWF Grid 1 shows

9(° (E) and GFS Grid 2 shows 67 8EE) which are different from prevailing wind
direction. Othe models and grid points are also indicate to opposite wind direction
(SE). According to Table 2 ECMWF and GFS Grid # located in 327 m.a.s.l. and
WOS located in 626 m.a.s.l. The height differences between all grid points may be

responsible for thisitferences.
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Figure3.62Wind Rose for All Grids (WPHB)

Figure 3.8 shows monthly mean windspeedscalculated over 4ear data from
observations (WS80, WS65, and WS50), ALADIN, GFS, and ECMWF at four grid
points. WS80, WS6andWS50 are the heights (m) of real measurement sensors. The
dashed lines are the average values for 4 grids (ALADIN avg, GFS avg, ECMWF avg).
Models underestimate the monthly wind except from GFS grids 2 and 3 and ECMWF
grids 2 and 3All models follow a similar trend with observation during the rest of the
months in the year except from ALADIN grid 4.

Among models ALADIN predictionstronglyunderestimates particularly from grid 4.

The discrepancy between observation and models algmreduced witlECMWF

and GFSnodel during summer monthSFS grid 2 and 3 have same wind speed data.
ECMWEF grid 2 and 3 also have same problem. This problem would be reasoned from
same coordinate records for both gridsRdimM system.

Wind speeds reactie highest monthly mean values (up ®n/s) during summer
months while they drop t6-7 m/s during winter months.
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WPP-5 Monthly Avg. Wind Speed Profile
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Figure3.63 Monthly Avarage Wind Speed Valu@4/PR.5)

Figure 364, 365, and 3.6 show scatterplots between observed and modeled daily
averaged wind speed at each season for ALADIN, GFS, and ECMWEF, respectively.
Results from all grids points are shown in these figufég. scatter plot graphs of
WPRS5 are different from other 4 wind faemdue to the obvious grid scattering. It
meanghe dispeancy of each grid point is obvious for WABP

ALADIN model is obviously showed underestimation for spring and winter seasons.
ALADIN grid 1 is showed better distribution than other grids for spend winter.
Wind speed ranges for these seasons are approximatdyn8sfor observations
ALADIN grid 4 hasthe lowest wind speed predictions for winter season. Fall and
summer predictions are bettban other seasondowever, all grid points are sived
underestimation, except from ALADIN grid 4 which is closer to observation line.
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ALADIN Daily Avarages for WPP-5
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Figure3.64 Daily Avg. Scatter Plot for ALADIN Predictions (WPH)

Throughout the range of daily wind speeds betweand32.5m/s GFS grid 1 and 4
underestimate the wind in winter and spring (See Fid)3The range of daily wind
speeds between 3 and 10 m/s GFS predictions are better than ALADIN in summer and
fall. GFS 1 and 4 are mostly showed underestimation aattgerof daily wind speeds

between 3 and 10 m/s in spring. Fall predictions of GFS are better than other seasons.
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GFS Daily Avarages for WPP-5
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Figure3.65 Daily Avg. Scatter Plot for GFS Predictions (WBP

Figure 366 shows the ECMW/predictions likewisdéor GFS.The distribution is more
scattered but the level of underestimation is more reduced with ECMWEF results. The
initial condition of WRF model is responsible for these changes. It seems that Grid 3
provides the best scatter digbution for winter. ECMWF Grid 1 has better
performance up t&0 m/s wind speeds in fall and summer. In spring, not only grid 1

but also grid 3 has better performance up to 9 m/s.

According to the analysis of averaged daily wind speed provided in tregser gtots

(Fig 364, 365, and 3.®) the ALADIN model is less reliable for all seasons and other
two models GFSand ECMWF) depending on their seasonal performances are more
preferable in wind power production.
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ECMWF Daily Avarages for WPP-5
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Figure3.66 Daily Avg. Scatter Plot for ECMWF Predictions (WS

The time series of daily average wind speeds calculated from all data period from
ALADIN, GFS and ECMWEF for 4 grids are compared with observed wind speed in
Figure 367. This figure shows that whileALADIN predictions are generally
underestimated;FS and ECMWHWalues are closer to observation valpadicularly

in summer and fall month&€CMWF and GFS Grid 3hows somewhat better skill

thanother grids For winter and early simg all three models shobetter distribution.
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WPP-5 Daily Avg. Wind Speed Profile
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Figure3.67 Time Series of all NWP and Observation da&PR-5)

Hourly statistics obiag RMSE andcorrelation coefficient@re calculated for each
season rad model grid points from AADIN, GFS and ECMWF in Table 3.9 he

table indicates that all three models show strong underestimation indicated with
negativebiasvalues forall seasonsALADIN biasand RMSE values are obviously
bigger than GFS and ECMWBased on the statistical measures available in this table,
the most preferable grid that yields lowdsas and RMSE and high correlation
coefficient is selected with respect to each season and model as follows: ALADIN 1,
GFS2 and3, and ECMWF1 for fall ard spring, ALADIN 1, GFS2 and3, and
ECMWEF2 and3 for summer, and ALADINB, GFS2 and3, and ECMWH. for winter.

The evaluations provided in the following sséctions are made according to these

grids for each season. The optimum grid selection thatdesthe lowestbiasand
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RMSE, and highest correlation coefficient for each model is highlighted and
underlined in the table (blue for fall, yellow for spring, red for summer and purple for

winter).
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Table3-5 Seasonabias RMSE and Correlation Coefficients for all models and dgriois hourly data

| SEAS|ALADIN -|ALADIN -|ALADIN -|ALADIN -|GFS-|GFS-|GFS-|GFS-|[ECMWF -|ECMWF - ECMWF -[ECMWF -
Bias
ON 2 3 4 1 2 3 4
-2,996 | -2,946 | -3,725 |-1,44 -0,832 | -0,832 | -1,476
-3,148 | -4,259 |-1,732-0,39€-0,39€-1,907
-6,685 | -8,803 -5,927 -6,292
0,595
RMSE | Fall 3,36 2,750 | 2,750 | 4,045
i 3,2982,9182,918 3,83
5,268 47
3,390
cC 0,680 | 0,480 | 0,220 [0,55¢ 0,706 | 0,706 | 0,415
0,664/0,6640,459 0,693 | 0,679 | 0,679 | 0,416
0,626 | 0,626 | 0,359
0,777 | 0,777 | 0,757




3.5.2. Diurnal Variation

Figure 3.@ indicates to diurnaliemperature profile seasonallyhe figure shows that
although, temperature differences between day and night are smaller for observed
values, models shows to opposite. In contrast to wind speed predictions, ALADIN
temperature predictions are better thahSGand ECMWEF. These two model are
showed overestimation for all seasons. Winter average temper&turebserved

valuesare not higher than °C.

Figure3.68 Diurnal Temperature by seasonally for thetlyggls (WPP5)

Figure 369 indicates mean diurnal cycle of wind speed from observation and three
models (ALADIN, GFS, and ECMWEF) at fall, spring, winter and summer seasons.
Observed wind speeds decrease from nighttime to midday and then starts t@increas
until evening hours (20:00) in falspring and summeseasonECMWF showsa
similar hourly oscillation with observed wind spaadall and springGFS is closer

to them, however ALADIN showstrong underestimatioduring these seasans
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