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Summar y

The Net herl ands hassetclear ambitionstoacceleratet
usedinthecountryshall comefromsustainabl esources
roleinthetransitiontoacarbon-freeenergysupply.
for the DutcholOshorewindportfolioaimingtoexpandt
aninstalledcapacityof 4.7 GWwas already achieved, s
Several windfarmswithacombinedcapacityof 5.5GWar
wi ndfarhaesliltersdse Endltt Westden Ver

TNOhas beenperformingolshorewindmeasurement campa

North Seasince2011withtheinstallationanddata man
orol ogical mast andaco-locatedl idar situated75kmw
TNOhas further organi sed wi nd measurement campai gns
for the Dutch Ministry of Economic AOairs and Cl i mat e

Wi nd oppdeog ect that i s meant tosupport theimplementat
roadmap. Theyconsist of four |l ong-standinglocations
(EPL), K13-AandlL2-FA-1. Recently TNOcommi ssioned al
F2-A-Hanze, where measurementsstartedinFebruary 20
theaforementi onedmeteorol ogical measurementsinac
Thi sreportreferstothemeasurement campaignatthelLo?
been depl oyed, providinghighqquality datasince 2023
usedfor further purposes (odshorewind- measurements.

At the L2-FA-1platform, the windanalysis for the 202

profiles are dominated by theregional climate, mainly
of North  Atl antic Oscillation (NAO). The prevailing wi
ameandirectionrangingfrom233.1° to240.1° across:t
291 m). The average windspeedranges from9.49m/ s at t
of 63muptol11.23m/s at 291 m. The Weibull distributic

i
windregimethroughout themeasurement period, shows a
odshore $amldesthapanfamet@r 48 &nldl. 52 m/ s at 141 mhei ght
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Abbrevi ati ons

B WF Z Borssel e WindFarmZone

Cf D Contract for Di Oerence

ECMWF EuropeanCentrefor Medi um- Range Weat her Forec

EEZ Exclusiveeconomiczone

GWO Gl obal Wi ndOrganisation

HUET helicopter under water escapetraining

| EC International El ectrotechnical Commi ssi on

| ECREWEECsystemfor certificationtostandardsrel ati
abl e Energy applications —WindEnergy

I LAC MRANnternational Laboratory Accreditation Cooper

me nt
I SO I nternational Organisationfor Standardi sat:i
kde kernel densityesti mat e
KNMI KoninklijkNederl ands Meteorologischlnstitul
(Royal Netherl ands Meteorol ogical Institute)
MMI J met eorol ogical mast I Jmui den
Mo MM meanof mont hl y means
MSL meanseal evel
NAO NorthAtl anticOscillation

OWE 7z OOshore Windpark Egmond aan Zee
(OOshorewindfarmEgmond aan Zee)

pdf probabilitydensityfunction

RETL Renewabl e Energy TestingLlLaboratory

RI &E ri sico-inventarisatieenevaluatie
(risk-assessment andevaluati on)

Rv A Raadvoor Accreditatie(DutchAccreditation Co

RV O Rijksdienst voor Ondernemend Neder |l and ( Net he

TI Turbulenceintensity

TNO Nederl andse Organi satie voor toegepast-natu
(Netherl ands Organi sationfor appliedscienti

UTC coordinateduniversal ti me

WR A Windresourceassessment
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1

|l ntroducti on

The Netherl ands has set clear ambitionstoacceleratet|
usedinthecountry shall comefromsustainabl e sourc
vital roleinthetransitiontoacarbon-freeenergys
roadmap for the DutchoOshore wind»®6WYy QIOIBEB 4 i2ri. nByt
theendof 2023 anins4.al @8Wd aapaeadyywohi eved, surpass
goaldob GW] . Several windfar ms wi t5h & @@mbci unrerdecmd p & cui nt dy
constructioninttHoWwl addsae Bisditi Wesdéns &efigurel. 1) .

I nrecent yearsthedevel opment of odshorewindenergyh

andinstallationcostsincombinationwithavolatil e
Neder wivwiknld-fAar msitedidnot receiveanybids[4]. I nor
oOshorewindenergyplaysintheenergytransition, the
Cli mate has definedanactionplantoacceleratetheex

acknowledgesthedi Ocult market situationandai msto st
sitesforelectricityfromwindenergy. On tCoensupply si
for Di JéCébDryresubsi dy scheme, which ai ms at guaranteei ng

whil ecappingprofit whenever theenergypriceishigh
betakentomakeit moreattractivefor industrypart:
establishlong-termagreements withenergyproviders
Toachievetheambitiousrealisationof operational o
the NorthSea, i mportance must begiventobothspatial
val uablewindresourceinorder toensureprofitability

crucial requirement toevaluatethefinancingof an o0Os
resourceassessment (WRA) of agivensite. Accuratel o
all owfor i mproved WRAs that reduce uncertainties an
theseprojects. Thisincreasesthetrust betweeninter
consultants, thefinancial community, thegovernment a
providesinformationfor theselectionandidentificat

TNOhas beenperformingoldshorewindmeasurement camj
the North Seasince 2011 withtheinstall da00dmlhddat
met eorol ogical mast and a cbo5 kwesatt el | Jdai dérn.udtredn
onwards, TNOhas further organi sed wi nd measurement
platformsfor theDutchMinistryof Economic AOairs and
t hwi nd oppZe®¢g¢ ect t hat i s meant tosupporttheimplementat
roadmap. Theyconsist of four  ong-standingl ocations
(EPK)3aAd2- FAsele figure 1. 2). Recently TNOcommi ssi onec
afifthplR2-fA-rHewhzeer e measurementsstartedinFebruary .
for performingtheaforementionedwindEn@asda0pmEDOE LRI n

Thisreport will focusonthewindcL2ndrpM-idofi®cmal acte.l
about 80kmnorthfromthe Frysianlslands.
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Roadmap

Legend
Border Continental Shelf O
. Operational wind farms ~4,7 GW
. Wind farms under construction5,5 GW
/> Planned wind farms ~13,5GW
Total ~23,5 GW
Sea? Cf ?Cf? ?Qﬁ Coast
100 77 6256 53 24 185 Okm
Borssele O Hollandse Kust Zuid O Hollandse Kust Noord O Hollandse Kust West O
2.100 MW
Site V Luchterduinen
Two Towers, ! Site V . Site VII
19 MW 129 MW CrossWind, Site VI Ecowende, Oranje Wind
759 MW 780 MW Power I,
Egmond aan Zee, 795 MW
108 MW
| 1} ‘
Ste Il and 1V Stelandll  geehand T
auwwind, rsted, approximately Prinses Amalia Tender site VIII:
731,5 MW 752 MW IV Va enfall g :
: 760 MW approximately 120 MW TBD
760 MW
1Imuiden Ver O Nederwiek O Ten noorden van de O Doordewind O
Tender site 6.000 MW Waddeneilanden 4.000 MW
Gamma-B: 700 MW Tender(s) sites | and Il: TBD
Q4 2026 Tender(s) T TBD ible fi
. 1.000 MW sites Il and IIl ender (possible future
Site Beta: : hydrogen demonstration project]
%%%%“\A'}' TBD ydrog project)
. < ;FTender Site lﬁg‘fe,{. Gemini 600 MW
G A Y N =A\
Qin;(r_-,n% Tender site I-B: Q4 2025
1.000 MW TBD \‘F: 1.000 MW
Site Alpha: Noordzeker,
2.000 MW

May 2026

FigurrRdadmap OOshore WindEnergy providinganoverviewof wing
operation, under constructionandplanned) [2].
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Figur:Mdap @f TNO' sl ong-termoldshorewindmeasurement campaignlo
Europl atfkit{EPEPRHB2- A- Hhanoznegg wi t h wi nd farmdevel opment
Dutch North Sea.
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2 WI nd me

a s
campal gn

ur
S a

2. 1ITNO" sl eadingroleinwindc
ment campai gns

Beforetheintroductionof |l idarsinoldOshorewindresou
have beenwidelyusedat TNOwithexamples suchasthen

(MMI J), andthe meteorol ogical mast at the OOshore wi n

Onshore measurement campaigns haveal sobeenpart of t he

years, includi h§0hdeerpdenBE@RE based measurements (powe
mechanical | oads, meteorological measurements, rem
floatinglidar verification) tosupport wind@dB80mbBM ne pr

tol arger tl1OrMW. nRwr(i>ngt he measurement campaign, TNOI
part of theprocess: fromselectionof theinstrumentat
purchase, validation, installation, and maintenance
anddi sseminationof thedat a.

2.2 Open-accessandpublicda

Since2024 TNOhas publishedannual reportsonthewind
seetable2.1. Thesereportsareavailabl eat oOshor e\
includesthespecificwindconditiobh88-frRk-Ahé pemi dd & (
present report has beenupdatedwi thi mprovedopractices
veer andwindshear.

Tabl ePu.bll i cati onhistoryof windconditionsat L2-FA-1

2023 TNO2024 RL1677 [ 7]
2023-2 TNO2025 R11/1114 [ 8]

The dat a meas Wi endd iomppdheg ect areretrievedandpost-proc
theinformationpubliclyaccessiblethroughtheweb-se
Post-processeddataarereportedeachmonth for ver. fi
thedataafter freeregistration.

JTNOPubIl ic 12/ 41
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TouWendopneas ur ement datainpublications, furtherres
users must acknowledgetheuseof thedataas:

l.citationtothel atest wintsh t hméd rytpaetoifodarteapwseaed, | oce

aut hor ={Bergman, G. andvanDooren, M. F. },
institution={TNO},

title={L2-FA-1lidar measurement campaign},
subtitle={lnstrumentationReport 20261},
number ={TNO2026 R10603},
date={2026-04-14},

2.citationtothisreport:

author ={vanDooren, M. F. and Wouters, D. A. J. and Bergman, G.},
institution={TNO},

title={0Offshorewindresources at the North Sea},
subtitle={NAMplatformL2-FA-1, 2023-2025},

number = {TNO-2026-17438},

date={2026-09-11},

The publicationdateat whichthedatahavel ast been a«
citations, e.g. “Last accessedJuly 2026".

Thedataissharedin.csv floXx-nfate.ds ant ehreecnatscaoniptati g n p |
adheretothefoll owinginformation:

) oOshorewind- measurements.tno.nl/en/ measurement -
) For mont hl yLtidae gyyg-emm. csv
) After aquarter of ayear i scompletedthramoniy.-holkycll e

) After ayear iscompletedthequarter| y2fid-ggywidslvbe r ¢

JTNOPubIl ic 13/ 41
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3 Measurement campa
L2- FA-1

3.1 Locati on, |1 dar it nstall a

The2- FAEH4dhore platformis ownedby NRUNBmMyYrtamdfl obhat e
Frysianlslands, seefigurel. 2. It includesbothaheldi
The pl atformis part of the North Sea Monitoring Net wc
monitoringlocationsover the North Sea.

The L2-FA-1platformservesasaproductionplatformf ¢
of 2023 al sofor windmeasur ementZXu3M @ignadplliadtafror Th ena u |

tocollect up-to-date meteorological information (ir
direction, air temperature, relativehumidityandvisi
|l evel , temperatureandheight). Theseactivitiesarec

service (KNMI) and Ri jkswaterstaat (bothpart of the Du
Management ) .

The current i nsthl-neAstZXt3iMOni altar. The i nstrument mea
profiles at uptotendi Oerent heightsbyconicallyemit:
object blocksthel aser beamat some positions (see] 9]
| idar was i nsbt2a-|l Fpd-cdlaf o hem, it was cal i brated, seel at es

isinstallednext tothehelipadoftheplatform. Thelid
measurements at tendi De68min@®ilgnbtoy b dMiSwe eTro ensur e g
quality measurementsitiscrucial toselecttheright I
detailedinformationabout thepositiond-nkpknraldiosmall
isavailableintheinstrumentationreport [11].
Thelidar measurement hei ght anddataacquisitionconfi
at other measurement | ocat iKoln3sp,Aiaté ot me.LEBe EPHamdcan
guarantees adequatedataqualityupto300m.

As defined blySONNO'Ps & i ty system, eachlidar shoul d be s
of operationandreplacedeverytwoyears. Theseper.i
table3. 1. All operational aspectswithrespecttoinsta

inal ogbookbytheteamresponsibleforthemeasurement
theyear 2025 aresummarisedintable3. 2. Personnel fr
operatingthelL2-FA-1platform, supports monitoringa

Tabl eRe.pll acementsof |idarsat thelL2-FA-1platform

Li dav|0perationa| pe Reasonfor re

ZX1525 22-03-2023t030-06-2025 Firstinstallation
ZX21130-06-2025topgPeriodicreplacement

JTNOPubIl ic 14/ 41
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Figur&&nalz Energy platformlL2-FA-1

Figur:kidd&r unit at L2-FA-1
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Tabl eDown-ti meperiods andactionstakenat L2-FA-1platformdu

Dat el Dl Reason

30-06-R025 Repl acement of |lidar ZX1525 withzZX2128ipcluding
01-07-|Compasscalibrationof | idar orientation, indjcatingn

23-08-PDbi2scovery of worn-out jerrycancontainingwiper fluid |
replacedinSeptember

3.2 Healthandsafety measur e

Heal th, safetyandenvironment aremainprioritiesat
traintheemployeesfor the measurement campaigns. Add]
Rijkswaterstaat for thesafeinstallationof theframe

) Ajob-risk-assessment (AD-130, project RI &E) i s mad

) Tool box meetings amongtheteamstoagreeonthealig
pl atform.

) TNOempl oyees havevalidGWOcertificates, provingthat
empl oyees workingontheplatformwill wear fall-arre

) TNOempl oyees havevali dHUETcertificates (onlyinca

3.3 Lidar performance assess

Remote sensingdevices bringmany advantages such as

surement capabilities beyond meteorol ogical mast co
areexposedtoharshenvironmental conditions oldshore
i mpacted. The performanceandqualityof thedatarecol

campaigncanbei mpactedbydefectiveor damaged sens
functions, andal soby severe meteorological event s.
availabilityof thelidar. For thisreason, theneedfo
techniquesisparamount duringthe measureme®3 mampaig
91m, 116 m, 141 m, 166 m, 191 m, 216 m, 241 m, 266 mand 291r

Anoverviewof themeasuredandr eclo2 dREAsgduhaomtni itn & thlyet h
The dataaremeasuredonalO0O-minutebasisandti mestamp
interval. Thedatacollectionperiodstartedin2023.
perioduntil 31 December 2025 at 23:50UTC. Thecampaig
assessmentsenvisioned.

The annual |'idar dalt2a &gsal nalbiclaitteyd atn t abl e 3.4. The
depends ontheheight of the measurements, andmanuf ac
of thelidar uptoacertainheight. Onaver a®Pe,m he da
i s at beas9twhil e far2dleintugetca e8a%.ebsdnod fin 8171 yatwo

thehighest2a2a9t.mFardetod year 2025, t hedat aav@imabil i
i sat BBa9twhil e farZ2sdlemtudetca eBds.eds®nod fin 8171 Bawwo

thehighest29lt.mTlhuealdeodreaseindataavailabilityand
measurement height i stypically causedbytheoptical
astheytravel throughtheair. Thefarther thel aserp
resultinginal ower intensityof thelaser |l ightrefle

JTNOPubIl ic 16/ 41
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Tabl eL3.s3 of variables measuredbythelidar. HXXXar&8lme di Jer e
91 m, 116m, 141 m, 166 m, 191 m, 216 m, 241 m, 266 mand 291 m

Acronym Signal name

L2FA_batvol tlage batteryvoltage

L2FA _tempcpu CPUtemperatureinsidethelidar °C
L2FA_humpod relativehumidityinsidetheli|ldar
L2FA_bearing |lidar bearing °
L2FA_tilt lidar tilt angl e

L2FA _pair air pressureatlidar position hPa
L2FA_ws met windspeedmeasuredby |l idar metjleostation
L2FA_wdmet winddirectionmeasuredbylidar met ° ation
L2FA_HXXX_npts measuringpoints

L2FA_HXXX_mi|mi ssed points -
L2FA_HXXX_npackets packetsinfit

L2FA_HXXX_Wd wi nddirection °
L2FA_HXXX_Wslhor _avg horizontal windspeedaverjage
L2FA_HXXX_Ws| horizontal windspeedstandarddevi m/ sin
L2FA_HXXX_Wslhor _min horizontal windspeedminimum
L2FA_HXXX_Ws|horizontal windspeedmaxi mum m/ s
L2FA_HXXX_Ws|Ver _avg vertical windspeedaver agle
L2FA_HXXX _c¢cs| CS -
L2FA_HXXX_BackScatter back scatter

theconcentrationof aerosolsintheair, whichusual
addi tional rol e.

For a more detailedoverviewof thelidar availabilit
figure 3. 3. Duringthe measurement campaign, dataveri fic
withoqualitychecks carriedout onadailybasis, usin
signal sfor deviationsor failurestobeabletoreact o
datafilteringisappliedonthedataavailability. As me
thenumber of validdatareadings withinaninterval of

Therearecompl ementaryreports withdataverificati on
I nparticular, [ 12] examinesthewindspeedanddirect
odshore measurement | ocationsdistributed2hFAulhou
platform. The study focuses oncomparingthe windshe
guarter of 2018 withtheaimof better understandingth

JTNOPubIl ic 17/ 41
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Tabl eAn.ndual | i dar dataavailability. Availability >85%ishigh

91. 89.
89. 87. 8 .7

92. 90.
89.

FigurMant3hl ylidar dataavailabilityshowingthelidar | Dsandt
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A

Wi ndcondi ti ons at

Thissectionpresentstheresults foll owinganasses:
theentire measur enen-tFAdheariag martet eor ol ogi cal char
presentedintheformof windspeedandwinddirectiond
andveer areal soassessed. Theannual windconditions

Di stri buti ons

For thepresentationof thewindspeedandwinddirect.i
besidesthedatarejectionperformedbythelidar itsel

Thewindspeeddistributionisvisudakidsgdhyigkree dAebl dt

withitsquartiles | istedintabled4.1. Annual resul't
mitigateseasonal biasasaresultof incompleteyears,
compu’t eAdWei bul | probabilitydensity function (pdf) i

di strP.bOThéebdbonctionisgivenbyequation(4.1) andther
table4.2. Annual resultsarepresentedinsectionA. 3.
Wei bull pdf matchestheactual distr4ibution(kde) for :

For thewinddirectiondistributionthe MoMMi s comput e:q
astheaveragedirectidanof thewindvelocity

The windspeedandwinddirectiondistributionscanb
rose, as showninfigured4.1. Annual resultsarepresent

Figurwidndroses for thecompl ete measurement campaign

IThekdeuses aGaussiankernel withafixedO.1m/sbandwidth.

First thedataarecategorisedaccordingtothe 12 monthsof theyea
finallythe meanof theresultingvalues.

STheshapeandscal eparametersareobtainedusingmaximumlikelihoo
“The measurement height closest tol4lmischosen. Thisheightisuse

SThewindvelocitiesarefirst averagedper monthof theyear. Thenthe
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Tabl eWi.nld speedandwinddirectionstatistics. Thefour quartil
alongsidethe MoMMwi nd speedandwinddirection. ‘"N’ isth
windspeedsampl es for eachheight.

Wi ndspeed

medi a Q; maxi m Mo MM
m/ s m/ s m/ s m/ s
. 49
91 14575 . 36 9.40 12.7% 42. 9( 9.88 233.
116 144292 . 45 9.58 13./12 41. 73 10. 14
141| 14327 .52 9.70 13.37 31.42 10. 33 234.
166 140362 .60 9.83 13.60 44. 71 10. 53
191| 13907 . 64 9.91 13.7¢ 33.9 10. 671 237.
216 137104 . 69 10.00 13| 96 35.87 10. 82
241| 13440 .74 10.0¢ 14.1: 37.3 10. 91 238.
266 131524 . 80 10.18 14| 26 60.80 11.009
291| 127 34 . 83 10.3C 14.4¢« 38.97 11. 23 240.

Figurwidn®speeddistributions. Thekdeissho@n medQdwinde mar ker
maxi mum) andanorange marker for the MoMM, as listedintab
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Tabl eWe.izdbul | parameters for the wind speed
distributionsat all heights

.61

116 2.213 11. 31

141 2.180 11.52

166 2.151 11.73

191 2.122 11.89

216 2 101 12. 04 Figurweti.Bull pdf of windspeeddi st

141 m

241 2.085 12.18

266 2.075 12.32

291 2.060 12.46

-1
( 5 + -) =exp - (4.1)

wher e
windspeed M/ s),
shapeparameter (di>mMensi onl ess) ,
scal eparamet>0 (m/ s),

4.2 Turbulenceintensity

Theturbulenceintensitycanbeestimated fr &mTIthe wind
|l idar providesaninternallycomputed10-minuteaver a

Figuresd4.4t04. 13 showthebin-wisemeanturbulencei nf
for every measurement hei ght 9% Keomfirtdembarn nt adivaht e
wind spfgendwi de bi ns wereused, centrednm/nsi angigreg fmud m|
3m/sto25m/s.

5Theresult will bedi Oerent fromtheturbulenceintensitymeasuredby
apoint measurement of thehorizontal windspeed.
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Figurégwrblul enceintensity atF63mrgur.tbul enceintensityat 91 m

Figur@wrtbul enceintensity atFig@meuwrb/ul enceintensityat l141m

Figur@wrBul enceintensity atFig@meuwrPul enceintensityat 191m

FigureTairbwl enceintensity aFi2dlbrmeT4rblul enceintensityat 241r
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4 .

3

FigureTarbaul enceintensityhRitg2ueréemur bl enceintensityat 291 m

Wi nd shear and veer

Whencharacterisingtheshear andveer, onlythe meas:t
|l arge oldshoreturbinerotor areincluded. For thispu
height of 150mandarotor radiusof 110mi s assumed.

1 Dataselection

Contrarytotheunfiltereddataset usedfor thedistri!l
veer analysisthefollowingfiltersareappliedinsequ:c¢

1.0nlythemeasurement heid@hmttsoi2na®leecromrsgalef ed. Thi s
foll ows fromour fictivewindturbinedefinition.

2. Windspeeds below3fm/sarerejected

3.l ncompletewindspeedandwinddirectionprofilesarer
directionmeasurements must bevalidacrossthesele

4 Winddirectionprofileswitharafgeinexcessof 90° ar

Figured4.14 showsthe MoMMvalues for thewindspeedat
after applicationof thesefilters. Thepl ot showi ngtHh
interpretedas anaverage windshear profile. The pl ot
per height i snot representinganaverageveer profil e,
computedbyvector averagingandthus weightedbythew

2 Modelling

The windshear i s modell edbythepower | awinequation

alinear profilefittedthroughtheunit-vector average

typicallyreasonabl erepresentationsof the 10-minut
= — (4. 2)

"Thisthresholdisbasedonthe MEASNETprocedure[13, clause 9. 4].

8Thisismost commonlytheresultof apartiallyinvertedprofiledueto!t
wavelidar measurements.
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FigureAdver/age windspeedandwinddirection(MoMM) of thedatas
10-minuteaveragesamplesremainingafter filteringused:t

wher e

windspeedatm/es)ght

windspeedat refdmdmsce hei ght
height (m)

referenceheight, e.g. hubheight (m)
shear exponent (di mensi onl ess)

The shear andveer arecomputedfor each 10-minuteave
binsisappliedtocomputethe meanvaluesfortheshear
asthe95 %confidenceinterval

Figures 4. 16to0o4.19showtheshear andveer asafuncti
windspeedandwinddirect il onivsi Flcer bti mes wienakesnpgseeeddd 0 n
integer mul mA grlaedgg o BBgmff sotno 2 5Fro/rst h e wi nld5dvii ™ e cbtiinosn
wereused, centredonilbtEeggumaulitilplseiowé shear andvee
of windspeedandwinddirection. For theseplotsabinec
hour of data) wasused. Annual resultsarepresentedin

Figur eWwi .ndsshear and veer as functionof windspeedanddirecti
directionbin, theradius |l abelsindicatethewindspeed
valuefor the shear exponent (left) andveer rate (right).

°Thisfollowsthe MEASNETprocedure[13, clause 9. 4].
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Fi gur eWwd ndéshear andveer as functionof themonth-of-year

Figur ewd nd7shear andveer asfunctionthehour-of-day

Fi gur eWwd nd8s hear andveer asfunctionof windspeed

Figur eWwd nd9s hear andveer as functionof winddirection
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5 Conclusi ons and ou

Thisreport referstothe meals2ireptednttf ©a mpnaki 8ddn@aat t h e
|l idar has beendepl oyed, providinghighqgualitydatasi
tobeusedfor further purposes (odOshorewind-measurerm

For theyear 2025, thedataavl9lmbatl PBadtwhheedatrs ber
upto241lmit decreasesto92. 4%, andfinallyto87. 3 %at

At tlh2a- FAl-dt f orm, the windanalysisforthe2023-2025pe
averagewindprofiles aredominatedbytheregional cl i
phase elect of North A Atl antic Oscillation(NAO). Thepr
west withameandi r e c2t3i5otn@r4a3nags thogsfsrtolme di Oer ent sens
63 mMm&@&91Mm The average wi nd s9.e3e7darf adnhgeels odfweosnt meas ur el
hei gtt3 anfp t1dd. 72an?2 S1.mThe Wei bull di stribution, indic
thewindregimethroughout the measurement period, sh
typical oOs bhoarnedsschdalpea(f(a met2.ra@®d=11. 52antl/4slimei ght ) .

Measurement campaigns playacrucial rolefor feasibil
as plant valuation. They arethebasisforthefinanci al
windfarm. I naddition, the measureddatacanbeusedH f
sector, such as:

) developingoUOshorewindatlasesandmodel sbyusingl ol
asreferencepoints.

) servingasabasisforthedevel opment andvalidationc
toi mprovetheaccuracyover awiderangeof siteconc
bothtimeandspace.

) i mprovingandreducinguncertaintiesof thewvariab
their increasepenetrationinthepower sector. The
systems crucially depends onthe accuraterepresen

characterisationof theweather conditions. Vari abi
istranslatedintodatasetsthat inherentlybear the
incompl ete. Thi s might |l eadtoerrorsinpower systen
either overstatingor downplayingthepossiblerolec

) capturingextreme weather events for developers and
develop, certifyandvalidatenewmodel sunder sites

) studyingperiodical trends andoccurrencesintheda
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The present report doesnot tacklesuchapplications as
ment dat a frd-mFAhelt f or m. TNOdoes, however, publ i shan e
sketchingabroader pictureof the North Sea’s windcl
year’'s (2024) report [14]. These annual reportsprovi
and (partially) tackletheabove-mentionedapplicatd.i

EPKl3aAHd2- FAI-dt forms. The 2025 versionof thisoverarc
|l ater thisyear.
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AppenAdi x
Annual wi nd

duri ngthec
L2- FA-1

A.1 Windrose

Figur:®WiAndroses for 2023

Figurr®WiAn@roses for 2024
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Figurr®WiAn®roses for 2025
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A. 2 Windspeedanddirections

Tabl eW.nld speed andwinddirectionstatisticsfor 2023

Wi ndspeed

medi a Qs maxi m Mo MM

m/ s m/ s m/ s m/ s
6 3 42002 5.97 8.80 12.02 29.01 9.30
91 4153 6. 13 9.17 12.61 30. 67 9. 71 235.0
116 40985 6. 22 9. 34 12.099 30.95 9.97
141 40609 6.29 9.46 13.2: 31.12 10. 17 235.7
166 399123 6. 37 9.60 13./46 31.49 10. 37
191 3959 6. 41 9.67 13.62 31.59¢ 10. 5] 237.5
216 39081 6. 45 9.75 13.(79 31.89 10. 63
241 3830 6. 48 9.83 13.9f 31.93 10. 7¢% 238.9
266 37522 6. 54 9.92 14.09 32.08 10. 87
291 3637 6.55 10.0: 14.2¢ 32.3]1 10.9¢ 239.7

Figur:®WiAnd speeddi stributionsfor 2023
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Tabl eww.n2d speed andwinddirectionstatisticsfor 2024

Wi nd speed

medi a Qs maxi m Mo MM

m/ s m/ s m/ s m/ s
6 3 52659 6. 38 9. 38 12. 44 29. 31 9.60
91 5216 6.57 9.76 13.0¢ 29.89 10. 03 232.8
116 51 4|69 6.67 9.97 13./52 30.68 10. 31
141 5097 6.74 10.12 13.8f 31.42 10. 514 234. 8
166 49 8(43 6.81 10. 25 14,011 32.51 10.76
191 4916 6.85 10.3f 14.3: 33.97 10. 94 237.8
216 48 3|45 6.90 10. 45 14.50 35. 87 11.11
241 47 26 6.97 10.5«z 14.6¢ 37.31 11. 2¢ 240. 1
266 46 256 7.05 10. 64 14.83 38.28 11. 43
291 4464 7.09 10.8(C 15.0¢ 38.92 11. 6( 241.8

FigurWiAnd speeddi stributionsfor 2024
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Tabl eWww.n3d speed andwinddirectionstatisticsfor 2025

Wi nd speed

medi a Qs maxi m Mo MM

m/ s m/ s m/ s m/ s
6 3 52360 6.21 8.93 11. 97 217.60 9. 34
91 5205 6. 36 9.25 12.5: 42.9 9.68 232.1
116 51 8(38 6. 44 9.41 12./83 41.73 9.88
141 5160 6. 49 9.53 13.07 29.89¢ 10.0¢1 233.6
166 50596 6.58 9.62 13.(25 44. 71 10. 21
191 5030 6. 63 9.69 13.4: 31.5¢§ 10. 33 236.1
216 49 6(78 6. 68 9. 77 13./58 32.17 10. 45
241 4883 6.73 9.86 13.7: 32.8( 10. 5¢ 237.2
266 47 7|46 6.81 9.95 13.(86 §g0. 80 10. 67
291 46 32 6.84 10.0¢ 14.0: 34.8€¢ 10. 74 238. 2

FigurWiAn@® speeddi stributionsfor 2025
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A. 3

Tabl eWe.idoul |

Hei g Shapk Scal)e

m
63
91

116
141
166
191
216
241
266
291

2.

2.
2
2.

2.

2.

2.

2.
2
1.

181
163
. 139
111
085
056
033
014
. 003
986

m/ s
1[0
10. 86
11
11. 34
11
11.71
11
11.99
12
12.27

Tabl eWe.itbul |

Hei g Shapke Scal)e

m = m/ s
63 2.340 1/0.
91 2.299 10.92
116 2.268 11.
141 2.239 11.34
166 2.215 11.
191 2.190 11.66
216 2.173 11.
241 2.157 11.93
266 2.147 12.
291 2.138 12.18
JYTNOPubIl ic

.42

.14

.56

. 85

.14

parameters

Hei g Shapk Scal)e

parameters fdaRlO@We.iSul |

m = m/ s
63 2.288
91 2.258 11.
116 2.226
141 2.186 11.
166 2.151
191 2.120 12.
216 2.098
241 2.084 12.
266 2.074
291 2.05¢9 12.
for 2025

YAppendi x A

Wi ndspeeddistribution

parameters for 2024
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A. 4 Wi ndshear andveer

A. 4.1 Windshear andveer as functi c

Figur:&WiAnd shear andveer asfunctionof themonth-of-year for 20.

Figur:®WiAn@® shear andveer asfunctionofthemonth-of-year for 20

Figur:®WiAn® shear andveer asfunctionofthemonth-of-year for 20
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A. 4.2 Windshear andveer as functi c

Figur eWA.nddoshear andveer as functionthehour-of-day for 2023

Figur eWA.nlddlshear andveer as functionthehour-of-day for 2024

Figur eWA.nd2shear andveer asfunctionthehour-of-day for 2025
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A. 4.3 Windshear andveer as functi c

Fi gur ewA.nd3sshear andveer asfunctionof windspeedfor 2023

Fi gur eWA.nddshear andveer as functionof windspeedfor 2024

Figur eWA.ndbsshear andveer as functionof windspeedfor 2025
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A. 4.4 Windshear andveer as functi c

Figur eWA.ndéshear andveer as functionof winddirectionfor 2023

Figur eWA.nd7shear andveer as functionof winddirectionfor 2024

Fi gur eWwA.ndd8shear andveer asfunctionof winddirectionfor 2025
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A. 4Wbnd shear andveer asfunctionof
di recti on

Figur eWA.ndddshear andveer asfunctionof windspeedanddirection

Figur eWA.ndOshear andveer asfunctionof windspeedanddirection

Fi gur eWA.ndlshear andveer asfunctionof windspeedanddirection
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