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Summary

TheNetherlandshassetclearambitionstoacceleratetheenergytransition. By2050allenergy
usedinthecountryshallcomefromsustainablesourcesandoffshorewindenergyplaysavital
roleinthetransitiontoacarbon-freeenergysupply. Thegovernmenthasdefinedaroadmap
fortheDutchoffshorewindportfolioaimingtoexpandto23GWby2033. Bytheendof2023
an installed capacity of 4.7GW was already achieved, surpassing the original goal of 4.5GW.
Severalwindfarmswithacombinedcapacityof5.5GWarecurrentlyunderconstructioninthe
windfarmsitesHollandseKustWestandIJmuidenVer.

TNOhasbeenperformingoffshorewindmeasurementcampaignsatstrategiclocationsinthe
NorthSeasince2011withtheinstallationanddatamanagementofbotha100mtallmete-
orologicalmastandaco-locatedlidarsituated75kmwestofIJmuiden. From2014onwards,
TNO has further organised wind measurement campaigns with lidars on offshore platforms
for the Dutch Ministry of Economic Affairs and Climate. These campaigns are part of the
WindopZeeprojectthatismeanttosupporttheimplementationoftheDutchoffshorewind
roadmap. Theyconsistoffourlong-standinglocations: LichteilandGoeree(LEG),Europlatform
(EPL),K13-AandL2-FA-1. RecentlyTNOcommissionedalidarmeasurementonafifthplatform
F2-A-Hanze,wheremeasurementsstartedinFebruary2026. TNOisaccreditedforperforming
theaforementionedmeteorologicalmeasurementsinaccordancewithIEC61400-50-2.

This report refers to the measurement campaign at the EPL platform where a ZX300M has
been deployed, providing high quality data since 2016. The data are publicly available to be
usedforfurtherpurposes(offshorewind-measurements.tno.nl).

AttheEPLplatform,thewindanalysisforthe2016–2025periodshowsthatthewindprofiles
are dominated by the regional climate, mainly caused by the positive phase effect of North
Atlantic Oscillation (NAO). The prevailing wind direction is from the south-west with a mean
direction ranging from 235.0° to 238.4° across the different sensor heights (63m to 291m).
Theaveragewindspeedrangesfrom9.05m/satthelowestmeasurementheightof63mup
to 10.31m/s at 291m. The Weibull distribution, indicating the variability of the wind regime
throughout the measurement period, shows a wind speed distribution with typical offshore
scale(𝑘)andshape(𝑐)parameters(𝑘=2.10and𝑐=10.99m/sat141mheight).
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1 Introduction

TheNetherlandshassetclearambitionstoacceleratetheenergytransition. By2050allenergy
used in the country shall come from sustainable sources and offshore wind energy plays a
vitalroleinthetransitiontoacarbon-freeenergysupply[1]. Thegovernmenthasdefineda
roadmap for the Dutch offshore wind portfolio aiming to expand to23GWby 2033 [2]. By
theendof2023aninstalledcapacityof4.7GWwasalreadyachieved,surpassingtheoriginal
goalof4.5GW[3]. Severalwindfarmswithacombinedcapacityof5.5GWarecurrentlyunder
constructioninthewindfarmsitesHollandseKustWestandIJmuidenVer(seefigure1.1).

Inrecentyearsthedevelopmentofoffshorewindenergyhasstagnatedduetohighermaterial
andinstallationcostsincombinationwithavolatileelectricityprice. Lastyear’stenderforthe
NederwiekI-Awindfarmsitedidnotreceiveanybids[4]. Inordertosupportthekeyrolethat
offshorewindenergyplaysintheenergytransition,theDutchMinistryofEconomicAffairsand
Climatehasdefinedanactionplantoacceleratetheexpansionofwindatsea[5]. Theplan
acknowledgesthedifficultmarketsituationandaimstostimulateboththesupplyanddemand
sitesforelectricityfromwindenergy. Onthesupplyside,futuretenderswillincludeaContract
forDifference(CfD)subsidyscheme,whichaimsatguaranteeingaminimumpriceofelectricity
while capping profit whenever the energy price is high. On the demand side, measures will
betakento makeit moreattractiveforindustry partieswith ahigh energyconsumption to
establishlong-termagreementswithenergyproviders.

ToachievetheambitiousrealisationofoperationaloffshorewindfarmsintheDutchpartof
theNorthSea,importancemustbegiventobothspatialplanning,andcharacterisationofthe
valuablewindresourceinordertoensureprofitabilityandanoverallsoundbusinesscase. One
crucialrequirementtoevaluatethefinancingofanoffshorewindfarmisthereforethewind
resourceassessment(WRA)ofagivensite. Accuratelong-termoffshorewindmeasurements
allow for improved WRAs that reduce uncertainties and increase the financial success of
theseprojects. Thisincreasesthetrustbetweeninterestedstakeholdersincludingdevelopers,
consultants,thefinancialcommunity,thegovernmentandpolicymakers. Atthesametimeit
providesinformationfortheselectionandidentificationofstrategiclocations.

TNO has been performing offshore wind measurement campaigns at strategic locations in
the North Sea since 2011 with the installation and data management of both a100mtall
meteorological mast and a co-located lidar situated75kmwest of IJmuiden. From 2014
onwards, TNO has further organised wind measurement campaigns with lidars on offshore
platformsfortheDutchMinistryofEconomicAffairsandClimate. Thesecampaignsarepartof
theWindopZeeprojectthatismeanttosupporttheimplementationoftheDutchoffshorewind
roadmap. Theyconsistoffourlong-standinglocations: LichteilandGoeree(LEG),Europlatform
(EPL),K13-AandL2-FA-1(seefigure1.2). RecentlyTNOcommissionedalidarmeasurementon
afifthplatformF2-A-Hanze,wheremeasurementsstartedinFebruary2026. TNOisaccredited
forperformingtheaforementionedwindmeasurementsinaccordancewithIEC61400-50-2[6].

ThisreportwillfocusonthewindconditionscharacterisationoftheEPLplatform,locatedabout
60kmwestfromthecoastofHoekvanHolland.
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Figure1.1:Roadmap Offshore Wind Energy providing an overview of wind farms in the Dutch North Sea (in
operation,underconstructionandplanned)[2].
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Figure1.2:MapofTNO’slong-termoffshorewindmeasurementcampaignlocationsatLichteilandGoeree(LEG),
Europlatform(EPL),K13-A,L2-FA-1andF2-A-Hanzealongwithwindfarmdevelopmentzonesinthe
DutchNorthSea.
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2 Windmeasurement
campaignsattheNorthSea

2.1TNO’sleadingroleinwindconditionmeasure-
mentcampaigns
Beforetheintroductionoflidarsinoffshorewindresourceassessments,meteorologicalmasts
havebeenwidelyusedatTNOwithexamplessuchasthemeteorologicalmastatIJmuiden
(MMIJ),andthemeteorologicalmastattheOffshorewindfarmEgmondaanZee(OWEZ).

OnshoremeasurementcampaignshavealsobeenpartoftheactivitiesofTNOformorethan20
years,includingindependentISO17025andIECREbasedmeasurements(powerperformance,
mechanical loads, meteorological measurements, remote sensing device verification and
floatinglidarverification)tosupportwindturbineprototypecertificationfromsmall(330kW)
tolargerturbines(>10MW). Duringthemeasurementcampaign,TNOisresponsibleforeach
partoftheprocess: fromselectionoftheinstrumentationandplanningtheinstallation,tothe
purchase,validation,installation,andmaintenanceofthelidar,aswellasanalysing,reporting
anddisseminationofthedata.

2.2 Open-accessandpublicdatasets
Since 2020 TNO has published annual reports on the wind conditions for the EPL location,
seetable2.1. Thesereportsareavailableatoffshorewind-measurements.tno.nl. Thisreport
includesthespecificwindconditionsfortheperiod2016–2025attheEPLplatform. Thepresent
reporthasbeenupdatedwithimprovedpracticesfordeducingthewinddirection,windveer
andwindshear.

Table2.1:PublicationhistoryofwindconditionsatEPL

Period Report

2016–2019 TNO2020R10551[7]

2016–2020TNO2021R10919[8]

2016–2021 TNO2022R10909[9]

2016–2022TNO2023R10578[10]

2016–2023 TNO2024R11675[11]

2016–2024TNO2025R11110[12]

ThedatameasuredintheWindopZeeprojectareretrievedandpost-processedbeforemaking
theinformationpubliclyaccessiblethroughtheweb-serviceoffshorewind-measurements.tno.nl.
Post-processeddataarereportedeachmonthforverificationpurposes. Userscandownload
thedataafterfreeregistration.
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TouseWindopZeemeasurementdatainpublications,furtherresearchorcommercialpurposes,
usersmustacknowledgetheuseofthedataas:

1.citationtothelatestinstrumentationreportwiththetypeofdataused,locationanddate:

author={Bergman,G.andVerhoef,J.P.},

institution={TNO},

title={Europlatformlidarmeasurementcampaign},

subtitle={InstrumentationReport2024},

number={TNO2024R10960},

date={2024­06­28},

url={https://publications.tno.nl/publication/34642708/dWsxDcst/TNO­2024­R10960.pdf},

2.citationtothisreport:

author={vanDooren,M.F.andWouters,D.A.J.andBergman,G.},

institution={TNO},

title={OffshorewindresourcesattheNorthSea},

subtitle={Europlatform,2016­2025},

number={TNO­2026­17436},

date={2026­09­11},

Thepublicationdateatwhichthedatahavelastbeenaccessedmustbeindicatedalongthe
citations,e.g.“LastaccessedJuly2026”.

The data are shared in .csv format. In the case of the EPL measurement campaign please
adheretothefollowinginformation:

offshorewind-measurements.tno.nl/en/measurement-locations/europlatform-epl/

Formonthlyfilesuse:EPL­yyyy­mm.CSV.

AfteraquarterofayeariscompletedthemonthlyfileswillbereplacedbyEPL­yyyy­Qx.CSV.

AfterayeariscompletedthequarterlyfileswillbereplacedbyayearlyfileEPL­yyyy.CSV.
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3 Measurementcampaignat
EPL

3.1 Location,lidarinstallationandoperation
TheEuroplatform(EPL)islocatedabout60kmfromthecoastofHoekvanHolland,seefigure1.2.
Itincludesahelicopterpadandanaccommodationdeck(seefigure3.2). Theplatformispart
oftheNorthSeaMonitoringNetworkconsistingofseveralpermanentmonitoringlocationsover
theNorthSea.

Sinceitsinstallationin2016,TNOhasbeenconductinganongoingmeasurementcampaign
at EPL, and has accumulated meteorological data, knowledge about installation practices,
maintenance,replacement,andobservationsofweatherconditionsthathaveoccurredatthe
site. Figure3.2showsthelidaratitslocationontheplatform.

Onthisplatform,theDutchnationalweatherservice(KNMI)andRijkswaterstaat,(bothpart
of the Dutch Ministry of Infrastructure and Water Management) coordinate activities for
collectionofmeteorologicalinformation(includingtheairpressure,windspeedanddirection,air
temperature,relativehumidityandvisibility)andoceanographicdata(waterlevel,temperature
andheight)aswell.

ThecurrentinstrumentationatEPLisaZX300Mlidar. Theinstrumentmeasureswindprofiles
atuptotendifferentheightsbyconicallyemittingalaserbeamintotheair,evenifanobject
blocks the laser beam at some positions (see [13] for the lidar specifications). Before the
lidar was installed at the EPL platform, it was calibrated, see latest calibration report [14].
At EPL, the lidar is installed at the west side of the platform on an extension built between
the landing and the deck, see figure 3.2. The lidar provides both wind speed and direction
measurementsattendifferentheightsbetween63mand291maboveMSL.Toensuregood
qualitymeasurementsitiscrucialtoselecttherightlocationforthelidarontheplatform. More
detailedinformationaboutthepositioningandinstallationofthelidarontheEPLplatformis
availableintheinstrumentationreport[15].

Thelidarmeasurementheightanddataacquisitionconfigurationischosentobethesameasat
othermeasurementlocations,i.e.theLEG,K13-AandL2-FA-1platforms. Thelidarmanufacturer
guaranteesadequatedataqualityupto300m.

As defined by TNO’sISO17025quality system, each lidar should be serviced after one year
ofoperationandreplacedeverytwoyears. Theseperiodiclidarreplacementsareloggedin
table3.1. Alloperationalaspectswithrespecttoinstallingandmaintainingthelidararerecorded
inalogbookbytheteamresponsibleforthemeasurementcampaign. Theseoccurrencesduring
theyear2025aresummarisedintable3.2.

3.2 Healthandsafetymeasures
Health,safetyandenvironmentaremainprioritiesatTNO.TNOfollowsastrictprogrammeto
traintheemployeesforthemeasurementcampaigns. Additionalagreedsafetymeasureswith
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Figure3.1:Europlatform

Figure3.2:LidarunitatEPL

Table3.1:ReplacementsoflidarsattheEPLplatform

LidarIDOperationalperiodReasonforreplacement

ZX308 10-05-2016to10-08-2018 Firstinstallation

ZX31510-08-2018to23-10-2019Powerfailure

ZX308 23-10-2019to22-03-2022 Periodicreplacement

ZX31522-03-2022to19-04-2024Periodicreplacement

ZX563 19-04-2024topresent
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Table3.2:Down-timeperiodsandactionstakenatEPLplatformduringtheyear2025

Date Reason

10-04-2025PeriodicmaintenanceperformedonZX563andrecordedinlogbook. Replacementofglass
windowwiperandfillingupwiperfluid,replacementofbrokenfluidpump.

Rijkswaterstaatforthesafeinstallationoftheframeandthelidarwere:

Ajob-risk-assessment(AD-130,projectRI&E)ismadeandsignedbybothpartiesinvolved.

Toolboxmeetingsamongtheteamstoagreeonthealignmentofthepreparationatthe
platform.

TNOemployeeshavevalidGWOcertificates,provingthattheyknowhowtoworksafely. TNO
employeesworkingontheplatformwillwearfall-arrestsystems,helmetsandsafetyshoes.

TNOemployeeshavevalidHUETcertificates(onlyincaseofahelicoptervisit).

3.3 LidarperformanceassessmentatEPL
Remote sensing devices bring many advantages such as ease of transportation and mea-
surement capabilities beyond meteorological mast configurations. However, these devices
areexposedtoharshenvironmentalconditionsoffshoreandthereforemeasurementscanbe
impacted. Theperformanceandqualityofthedatarecordedbylidarsduringameasurement
campaigncanbeimpactedbydefectiveordamagedsensorsandcables,othersystemmal-
functions,andalsobyseveremeteorologicalevents. Alloftheseeventscanlowerthedata
availabilityofthelidar. Forthisreason,theneedforcontinuousqualityassuranceandcontrol
techniquesisparamountduringthemeasurementcampaign. Theheightsconsideredare63m,
91m,116m,141m,166m,191m,216m,241m,266mand291m,w.r.t.MSL.

AnoverviewofthemeasuredandrecordedquantitiesbythelidaratEPLisshownintable3.3.
Thedataaremeasuredona10-minutebasisandtimestampedatthestartofeach10-minute
interval. Thedatacollectionperiodstartedin2016. Thisreportconsidersthemeasurement
perioduntil31December2025at23:50UTC.Thecampaignisstillongoing,withfutureyearly
assessmentsenvisioned.

TheannuallidardataavailabilityatEPLisindicatedintable3.4. Thedataavailabilitydependson
theheightofthemeasurements,andmanufacturerswilltypicallysuggestusageofthelidarup
toacertainheight. Onaverage,thedataavailabilityforheightsupto191misatleast77.7%,
whilefartherupto241mitdecreasesto75.1%,andfinallyto70.8%atthehighestaltitude
of291m. For the year 2025, the data availability for heights up to191mis at least94.0%,
whilefartherupto241mitdecreasesto90.4%,andfinallyto85.7%atthehighestaltitudeof
291m. Thedecreaseindataavailabilityandcoveragewithincreasingmeasurementheightis
typicallycausedbytheopticalscatteringofthelidar’slaserpulsesastheytravelthroughthe
air. Thefartherthelaserpulsetravels,themorescatteringoccurs,resultinginalowerintensity
ofthelaserlightreflectedbacktothelidar. Insomesituations,theconcentrationofaerosolsin
theair,whichusuallydecreaseswithheight,couldplayanadditionalrole.

For a more detailed overview of the lidar availability, the monthly availability is plotted in
figure3.3. Duringthemeasurementcampaign,dataverificationisperformedatdifferentlevels
with quality checks carriedout on a daily basis, using daily plots. Leadengineers check the
signalsfordeviationsorfailurestobeabletoreactonashortnotice. Duringthesechecks,no
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Table3.3:Listofvariablesmeasuredbythelidar. HXXXarethedifferentmeasurementheightsw.r.t.MSL:63m,
91m,116m,141m,166m,191m,216m,241m,266mand291m

Acronym Signalname Units

EPL_batvoltage batteryvoltage V

EPL_tempcpu CPUtemperatureinsidethelidar °C

EPL_humpod relativehumidityinsidethelidar %

EPL_bearing lidarbearing °

EPL_tilt lidartiltangle °

EPL_pair airpressureatlidarposition hPa

EPL_wsmet windspeedmeasuredbylidarmeteostation m/s

EPL_wdmet winddirectionmeasuredbylidarmeteostation°

EPL_HXXX_npts measuringpoints -

EPL_HXXX_missedmissedpoints -

EPL_HXXX_npackets packetsinfit -

EPL_HXXX_Wd winddirection °

EPL_HXXX_Wshor_avg horizontalwindspeedaverage m/s

EPL_HXXX_Wshor_stdhorizontalwindspeedstandarddeviationm/s

EPL_HXXX_Wshor_min horizontalwindspeedminimum m/s

EPL_HXXX_Wshor_maxhorizontalwindspeedmaximum m/s

EPL_HXXX_WsVer_avg verticalwindspeedaverage m/s

EPL_HXXX_cs CS -

EPL_HXXX_BackScatter backscatter -

datafilteringisappliedonthedataavailability. Asmentionedbefore,dataavailabilityrefersto
thenumberofvaliddatareadingswithinanintervalof10minutes.

Therearecomplementaryreportswithdataverificationcomparingwithothermeasurements.
Inparticular,acomparisonagainsttheDutchOffshoreWindAtlas[16]examinesthewindspeed
anddirectionmeasurementcampaignsateightoffshoremeasurementlocationsdistributed
throughouttheNorthSea,includingtheEPLplatform. Thestudyfocusesoncomparingthe
windshearandveerfrom2012tothefirstquarterof2018withtheaimofbetterunderstanding
thewindconditionsattheNorthSea.
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Table3.4:Annuallidardataavailability. Availability>85%ishighlightedinblue.

63m 91m 116m141m166m191m216m241m266m291m

2016 91.5 92.3 92.1 92.0 91.9 91.6 91.2 90.9 90.6 89.8

2017 48.6 48.7 48.7 48.5 48.4 48.1 47.9 47.7 47.5 47.1

2018 54.1 54.1 53.9 53.8 53.6 53.5 53.4 53.2 53.1 53.0

2019 48.4 48.4 48.4 48.3 48.1 47.7 47.3 46.8 45.9 44.9

2020 89.1 89.3 89.5 88.7 88.2 87.2 86.0 84.2 81.1 77.3

2021 88.4 87.8 87.5 86.4 85.6 84.1 82.5 80.2 75.8 71.5

2022 94.9 94.7 94.8 94.2 94.0 93.4 92.3 90.1 87.8 85.6

2023 94.3 94.9 94.9 93.6 92.6 91.3 90.0 87.2 84.2 80.5

2024 95.9 95.6 95.1 93.6 92.7 91.5 89.5 86.6 83.7 80.3

2025 97.7 97.1 96.6 95.5 94.7 94.0 92.4 90.4 88.2 85.7

Overall79.8 79.8 79.6 78.9 78.4 77.7 76.6 75.1 73.1 70.8

Figure3.3:MonthlylidardataavailabilityshowingthelidarIDsandtheiroperationalperiods.
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4 WindconditionsatEPL

Thissectionpresentstheresultsfollowinganassessmentoftheweatherconditionsduringthe
entiremeasurementcampaignatEPL.Themainmeteorologicalcharacteristicsarepresented
intheformofwindspeedandwinddirectiondistributionsatvariousheights. Shearandveer
arealsoassessed. TheannualwindconditionsareincludedinappendixA.

4.1 Distributions
Forthepresentationofthewindspeedandwinddirectiondistributionsnofilteringisapplied
besidesthedatarejectionperformedbythelidaritself.

Thewindspeeddistributionisvisualisedbyakerneldensityestimate1(kde)infigure4.2along
with its quartiles listed in table 4.1. Annual results are presented in section A.2. In order to
mitigateseasonalbiasasaresultofincompleteyears,themeanofmonthlymeans(MoMM)is
computed2. AWeibullprobabilitydensityfunction(pdf)isfittedtothewindspeedfrequency
distribution3. Thefunctionisgivenbyequation(4.1)andtheresultingparametersarelistedin
table4.2. AnnualresultsarepresentedinsectionA.3. Figure4.3showshowwelltheresulting
Weibullpdfmatchestheactualdistribution(kde)foranexampleheight4.

ForthewinddirectiondistributiontheMoMMiscomputedtoo. Themeandirectioniscomputed
astheaveragedirectionofthewindvelocity5.

Thewindspeedandwinddirectiondistributionscanbevisualisedsimultaneouslyinawind
rose,asshowninfigure4.1. AnnualresultsarepresentedinsectionA.1.

Figure4.1:Windrosesforthecompletemeasurementcampaign

1ThekdeusesaGaussiankernelwithafixed0.1m/sbandwidth.
2Firstthedataarecategorisedaccordingtothe12monthsoftheyear,foreachmonththemeaniscomputedand
finallythemeanoftheresultingvalues.

3Theshapeandscaleparametersareobtainedusingmaximumlikelihoodestimation.
4Themeasurementheightclosestto141mischosen. Thisheightisusedasthehubheightinsection4.3.
5Thewindvelocitiesarefirstaveragedpermonthoftheyear. Thenthe12resultingvectorsareaveraged.
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Table4.1:Windspeedandwinddirectionstatistics. Thefourquartilesofthewindspeeddistributionarelisted,
alongsidetheMoMMwindspeedandwinddirection. ‘N’isthenumberofvalid10-minuteaverage
windspeedsamplesforeachheight.

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 402498 5.80 8.66 11.88 33.05 9.05 235.3

91 402385 5.93 8.92 12.33 33.92 9.36 235.0

116 401646 6.00 9.06 12.60 34.63 9.55 235.0

141 398064 6.07 9.19 12.83 35.46 9.73 235.4

166 395480 6.11 9.28 13.01 36.05 9.87 236.0

191 391738 6.16 9.36 13.17 36.86 9.99 236.5

216 386495 6.21 9.44 13.32 37.86 10.11 237.0

241 378609 6.25 9.50 13.44 38.94 10.22 237.5

266 368401 6.27 9.54 13.54 40.37 10.30 237.7

291 356987 6.23 9.49 13.53 41.12 10.31 238.4

Figure4.2:Windspeeddistributions. Thekdeisshownwithbluemarkersforthequartiles(Q1,median,Q3and
maximum)andanorangemarkerfortheMoMM,aslistedintable4.1.
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Table4.2:Weibull parameters for the wind speed
distributionsatallheights

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.179 10.25

91 2.148 10.58

116 2.121 10.80

141 2.096 10.99

166 2.073 11.15

191 2.053 11.28

216 2.037 11.41

241 2.024 11.52

266 2.010 11.60

291 1.991 11.59

Figure4.3:Weibullpdfofwindspeeddistributionat
141m

𝑓(𝑣; 𝑘, 𝑐) =
𝑘
𝑐

�
𝑣
𝑐

�
𝑘−1

exp�− �
𝑣
𝑐

�
𝑘
� (4.1)

where

𝑣 windspeed(m/s),𝑣 > 0

𝑘 shapeparameter(dimensionless),𝑘 > 1

𝑐 scaleparameter(m/s),𝑐 > 0

4.2 Turbulenceintensity
Theturbulenceintensitycanbeestimatedfromthewindspeeddatameasuredbyalidar6. The
lidarprovidesaninternallycomputed10-minuteaveragevaluefortheturbulenceintensity.

Figures4.4to4.13showthebin-wisemeanturbulenceintensityasafunctionofthewindspeed
foreverymeasurementheight. Theerrorbarsindicatethe95%confidenceinterval. Forthe
wind speed1m/swide bins were used, centred on integer multiples of1m/s, ranging from
3m/sto25m/s.

6Theresultwillbedifferentfromtheturbulenceintensitymeasuredbyananemometer,becausealidarcannotperform
apointmeasurementofthehorizontalwindspeed.
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Figure4.4:Turbulenceintensityat63mFigure4.5:Turbulenceintensityat91m

Figure4.6:Turbulenceintensityat116mFigure4.7:Turbulenceintensityat141m

Figure4.8:Turbulenceintensityat166mFigure4.9:Turbulenceintensityat191m

Figure4.10:Turbulenceintensityat216mFigure4.11:Turbulenceintensityat241m
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Figure4.12:Turbulenceintensityat266mFigure4.13:Turbulenceintensityat291m

4.3 Windshearandveer
Whencharacterisingtheshearandveer,onlythemeasurementsacrossthesweptareaofa
largeoffshoreturbinerotorareincluded. Forthispurpose, afictivewindturbinewithahub
heightof150mandarotorradiusof110misassumed.

4.3.1 Dataselection
Contrarytotheunfiltereddatasetusedforthedistributionsinsection4.1,fortheshearand
veeranalysisthefollowingfiltersareappliedinsequence.

1.Onlythemeasurementheightsintherangeof40mto260mareconsidered. Thisrange
followsfromourfictivewindturbinedefinition.

2.Windspeedsbelow3m/sarerejected7.

3.Incompletewindspeedandwinddirectionprofilesarerejected,i.e.,allwindspeedandwind
directionmeasurementsmustbevalidacrosstheselectedheightrange.

4.Winddirectionprofileswitharangeinexcessof90°arerejected8.

Figure 4.14 shows the MoMM values for the wind speed and wind direction for each height
afterapplicationofthesefilters. Theplotshowingtheaveragewindspeedperheightcanbe
interpreted as an average wind shear profile. The plot showing the average wind direction
perheightisnotrepresentinganaverageveerprofile,becausetheaveragewinddirectionis
computedbyvectoraveragingandthusweightedbythewindspeed.

4.3.2 Modelling
Thewindshearismodelledbythepowerlawinequation(4.2). Thewindveerismodelledby
alinearprofilefittedthroughtheunit-vectoraveragedwinddirectionoverheight. Theseare
typicallyreasonablerepresentationsofthe10-minuteaveragewindprofile.

𝑣𝑧= 𝑣𝐻�
𝑧
𝐻

�
𝛼

(4.2)

7ThisthresholdisbasedontheMEASNETprocedure[17,clause9.4].
8Thisismostcommonlytheresultofapartiallyinvertedprofileduetothehomodynedetectionambiguityincontinuous-
wavelidarmeasurements.
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Figure4.14:Averagewindspeedandwinddirection(MoMM)ofthedatasetperheight. ‘N’isthenumberof
10-minuteaveragesamplesremainingafterfilteringusedtocomputetheMoMMvalues.

where

𝑣𝑧windspeedatheight𝑧(m/s)

𝑣𝐻 windspeedatreferenceheight𝐻(m/s)

𝑧 height(m)

𝐻 referenceheight,e.g.hubheight(m)

𝛼 shearexponent(dimensionless)

Theshearandveerarecomputedforeach10-minuteaverageinterval. Thenthemethodof
binsisappliedtocomputethemeanvaluesfortheshearexponentandtheveerrate,aswell
asthe95%confidenceinterval.

Figures4.16to4.19showtheshearandveerasafunctionofmonthoftheyear,hourofday,
windspeedandwinddirection. Forthewindspeed1m/swidebinswereused9,centredon
integermultiplesof1m/s,rangingfrom3m/sto25m/s. Forthewinddirection15°widebins
wereused,centredonintegermultiplesof15°. Figure4.15showsshearandveerasafunction
ofwindspeedandwinddirection. Fortheseplotsabincountthresholdofsixsamples(i.e.one
hourofdata)wasused. AnnualresultsarepresentedinsectionA.4.

Figure4.15:Wind shear and veer as function of wind speed and direction. The azimuth indicates the wind
directionbin, theradiuslabelsindicatethewindspeedbinandthecolourrepresentsthemean
valuefortheshearexponent(left)andveerrate(right).

9ThisfollowstheMEASNETprocedure[17,clause9.4].
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Figure4.16:Windshearandveerasfunctionofthemonth-of-year

Figure4.17:Windshearandveerasfunctionthehour-of-day

Figure4.18:Windshearandveerasfunctionofwindspeed

Figure4.19:Windshearandveerasfunctionofwinddirection
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5 Conclusionsandoutlook

ThisreportreferstothemeasurementcampaignattheEPLplatformwhereaZX300Mlidar
hasbeendeployed,providinghighqualitydatasince2016. Thedataarepubliclyavailabletobe
usedforfurtherpurposes(offshorewind-measurements.tno.nl).

Fortheyear2025,thedataavailabilityforheightsupto191misatleast94.0%,whilefarther
upto241mitdecreasesto90.4%,andfinallyto85.7%atthehighestaltitudeof291m.

At the EPL platform, the wind analysis for the 2016–2025 period shows that the long-term
averagewindprofilesaredominatedbytheregionalclimate,mainlycausedbythepositive
phaseeffectofNorthAtlanticOscillation(NAO).Theprevailingwinddirectionisfromthesouth-
westwithameandirectionrangingfrom235.0°to238.4°acrossthedifferentsensorheights
(63mto291m). Theaveragewindspeedrangesfrom9.05m/satthelowestmeasurement
heightof63mupto10.31m/sat291m. TheWeibulldistribution,indicatingthevariabilityof
thewindregimethroughoutthemeasurementperiod,showsawindspeeddistributionwith
typicaloffshorescale(𝑘)andshape(𝑐)parameters(𝑘=2.10and𝑐=10.99m/sat141mheight).

Measurementcampaignsplayacrucialroleforfeasibilitystudiesofoffshorewindsitesaswell
asplantvaluation. Theyarethebasisforthefinancialdecisiontoensuretheprofitabilityofa
windfarm. Inaddition,themeasureddatacanbeusedforotherapplicationsintheenergy
sector,suchas:

developingoffshorewindatlasesandmodelsbyusinglong-termandaccuratewinddatasets
asreferencepoints.

servingasabasisforthedevelopmentandvalidationofhighfidelitymodels. Itisnecessary
toimprovetheaccuracyoverawiderangeofsiteconditions,withsufficientresolutionin
bothtimeandspace.

improving and reducing uncertainties of the variability due to renewable resources and
their increase penetration in the power sector. The adequate modelling of such power
systems crucially depends on the accurate representation of the spatial and temporal
characterisationoftheweatherconditions. Variabilityanduncertaintyofthewindresource
istranslatedintodatasetsthatinherentlybeartheriskofbeingimperfect,inappropriateor
incomplete. Thismightleadtoerrorsinpowersystemstudieswhichinturncouldresultin
eitheroverstatingordownplayingthepossibleroleofwindenergyinthefutureenergymix.

capturingextremeweathereventsfordevelopersandwindturbinemanufacturestohelp
develop,certifyandvalidatenewmodelsundersitespecificconditions.

studyingperiodicaltrendsandoccurrencesinthedata.
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Thepresentreportdoesnottacklesuchapplicationsasitsaimistosolelypresentthemea-
surementdatafromtheEPLplatform. TNOdoes,however,publishanadditionalannualreport
sketchingabroaderpictureoftheNorthSea’swindclimate,themostrecentonebeinglast
year’s(2024)report[18]. Theseannualreportsprovideamorein-depthanalysisofthedata
and(partially)tackletheabove-mentionedapplications,basedondatameasuredattheLEG,
EPL,K13-AandL2-FA-1platforms. The2025versionofthisoverarchingreportwillbereleased
laterthisyear.
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AppendixA

Annualwindconditions
duringthecampaignatEPL

A.1 Windrose

FigureA.1:Windrosesfor2016

FigureA.2:Windrosesfor2017
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FigureA.3:Windrosesfor2018

FigureA.4:Windrosesfor2019

FigureA.5:Windrosesfor2020
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FigureA.6:Windrosesfor2021

FigureA.7:Windrosesfor2022

FigureA.8:Windrosesfor2023
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FigureA.9:Windrosesfor2024

FigureA.10:Windrosesfor2025
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A.2 Windspeedanddirectionstatistics
TableA.1:Windspeedandwinddirectionstatisticsfor2016

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 28315 5.47 8.23 11.05 30.48 8.68 254.8

91 28591 5.52 8.35 11.40 31.23 9.12 260.3

116 28504 5.58 8.43 11.60 32.34 9.43 263.7

141 28485 5.63 8.49 11.73 31.85 9.61 265.3

166 28449 5.69 8.52 11.85 31.81 9.72 265.8

191 28355 5.72 8.56 11.93 31.90 9.79 265.5

216 28237 5.75 8.59 11.97 32.48 9.83 265.7

241 28134 5.80 8.61 12.00 32.03 9.90 266.5

266 28057 5.83 8.62 12.03 32.64 9.94 266.7

291 27802 5.89 8.64 12.08 33.03 9.97 266.2

FigureA.11:Windspeeddistributionsfor2016
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TableA.2:Windspeedandwinddirectionstatisticsfor2017

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 25560 5.45 8.22 11.37 27.03 8.94 236.0

91 25619 5.52 8.45 11.92 27.63 9.24 236.5

116 25581 5.56 8.57 12.24 29.24 9.43 237.1

141 25506 5.58 8.66 12.45 29.52 9.57 238.0

166 25437 5.60 8.70 12.60 29.70 9.68 238.9

191 25294 5.64 8.74 12.69 31.37 9.77 239.6

216 25156 5.70 8.78 12.78 32.01 9.84 240.7

241 25063 5.75 8.79 12.82 32.13 9.89 241.8

266 24946 5.80 8.82 12.86 32.08 9.94 242.5

291 24766 5.87 8.85 12.88 32.28 9.98 242.7

FigureA.12:Windspeeddistributionsfor2017
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TableA.3:Windspeedandwinddirectionstatisticsfor2018

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 28411 6.51 9.26 12.41 31.99 9.67 186.0

91 28422 6.64 9.46 12.76 32.76 9.97 188.7

116 28333 6.73 9.60 12.95 33.20 10.15 191.6

141 28283 6.79 9.69 13.09 33.37 10.28 194.1

166 28190 6.84 9.77 13.22 33.73 10.40 197.1

191 28127 6.87 9.84 13.33 34.29 10.51 199.5

216 28044 6.93 9.90 13.43 34.79 10.60 201.7

241 27973 6.95 9.93 13.52 35.27 10.66 203.9

266 27897 6.98 9.94 13.58 35.50 10.70 205.7

291 27831 6.99 9.94 13.62 35.99 10.73 207.3

FigureA.13:Windspeeddistributionsfor2018
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TableA.4:Windspeedandwinddirectionstatisticsfor2019

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 25422 6.62 9.30 12.55 26.89 9.69 230.7

91 25439 6.73 9.55 13.04 27.67 9.97 230.3

116 25457 6.77 9.68 13.40 28.06 10.15 230.9

141 25379 6.81 9.78 13.67 28.33 10.30 231.8

166 25276 6.86 9.87 13.90 28.76 10.45 232.9

191 25086 6.91 9.94 14.07 31.59 10.58 234.1

216 24885 6.93 9.96 14.26 34.07 10.69 235.1

241 24576 6.95 10.00 14.39 34.62 10.79 236.1

266 24140 6.93 10.00 14.47 34.94 10.85 237.2

291 23598 6.87 9.94 14.50 35.00 10.85 239.0

FigureA.14:Windspeeddistributionsfor2019
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TableA.5:Windspeedandwinddirectionstatisticsfor2020

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 46938 5.91 9.28 12.78 28.99 9.77 229.9

91 47089 6.05 9.54 13.27 30.89 10.08 229.4

116 47160 6.13 9.68 13.58 31.85 10.28 229.5

141 46764 6.19 9.81 13.87 33.23 10.47 230.1

166 46465 6.21 9.91 14.10 34.13 10.63 230.6

191 45965 6.24 10.02 14.29 36.28 10.78 231.0

216 45335 6.28 10.11 14.47 37.66 10.92 231.8

241 44352 6.31 10.17 14.60 38.94 11.05 232.5

266 42732 6.31 10.23 14.73 40.37 11.17 233.2

291 40764 6.25 10.15 14.73 41.12 11.17 234.7

FigureA.15:Windspeeddistributionsfor2020
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TableA.6:Windspeedandwinddirectionstatisticsfor2021

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 46471 5.47 8.11 11.10 26.98 8.57 260.5

91 46160 5.61 8.37 11.43 28.06 8.84 259.6

116 46005 5.70 8.51 11.65 29.03 9.03 258.5

141 45425 5.77 8.64 11.84 29.75 9.20 257.8

166 44976 5.81 8.75 12.02 30.60 9.34 257.3

191 44205 5.82 8.84 12.18 31.48 9.47 256.9

216 43359 5.86 8.92 12.31 32.13 9.59 255.8

241 42128 5.90 9.00 12.45 32.81 9.72 255.6

266 39830 5.89 9.04 12.60 33.28 9.84 254.1

291 37603 5.80 8.94 12.59 33.57 9.86 252.8

FigureA.16:Windspeeddistributionsfor2021
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TableA.7:Windspeedandwinddirectionstatisticsfor2022

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 49889 5.42 8.05 11.42 32.52 8.72 237.0

91 49762 5.53 8.34 11.93 33.92 9.07 236.5

116 49835 5.59 8.51 12.23 34.63 9.27 236.3

141 49520 5.63 8.67 12.46 35.46 9.45 236.4

166 49382 5.66 8.76 12.64 36.05 9.59 236.7

191 49106 5.70 8.85 12.80 36.86 9.72 236.9

216 48492 5.74 8.92 12.99 37.86 9.84 237.6

241 47381 5.79 8.97 13.15 38.32 9.97 238.5

266 46136 5.80 9.02 13.26 38.75 10.07 239.3

291 44999 5.78 8.99 13.21 38.99 10.09 240.8

FigureA.17:Windspeeddistributionsfor2022
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TableA.8:Windspeedandwinddirectionstatisticsfor2023

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 49571 5.96 9.07 12.61 33.05 9.48 243.4

91 49859 6.13 9.38 13.05 33.91 9.81 243.1

116 49865 6.24 9.57 13.33 34.17 10.04 242.7

141 49205 6.33 9.75 13.61 33.78 10.25 242.5

166 48651 6.41 9.91 13.85 34.05 10.44 242.4

191 47995 6.49 10.05 14.03 34.48 10.62 242.5

216 47281 6.57 10.16 14.21 35.12 10.77 242.6

241 45823 6.63 10.29 14.39 35.41 10.93 242.5

266 44236 6.62 10.36 14.50 35.47 11.04 242.5

291 42300 6.57 10.28 14.50 35.81 11.07 243.2

FigureA.18:Windspeeddistributionsfor2023
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TableA.9:Windspeedandwinddirectionstatisticsfor2024

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 50548 5.80 8.75 12.00 30.42 9.15 237.5

91 50405 5.97 9.09 12.47 31.87 9.50 237.0

116 50126 6.06 9.27 12.77 32.82 9.72 236.7

141 49315 6.15 9.46 13.05 33.49 9.94 236.7

166 48861 6.21 9.60 13.26 33.76 10.10 236.9

191 48216 6.26 9.71 13.46 34.11 10.26 237.6

216 47147 6.33 9.81 13.65 34.26 10.44 238.2

241 45663 6.40 9.88 13.79 34.81 10.59 238.7

266 44094 6.43 9.91 13.90 35.91 10.71 239.2

291 42296 6.36 9.82 13.81 36.25 10.70 239.7

FigureA.19:Windspeeddistributionsfor2024
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TableA.10:Windspeedandwinddirectionstatisticsfor2025

Height Windspeed Winddirection

N Q1 median Q3 maximumMoMM MoMM

m # m/s m/s m/s m/s m/s °

63 51373 5.95 8.62 11.53 27.80 8.94 219.2

91 51039 6.06 8.84 11.93 28.45 9.21 219.9

116 50780 6.14 8.95 12.15 28.77 9.37 220.9

141 50182 6.22 9.06 12.37 29.09 9.53 222.3

166 49793 6.26 9.13 12.56 29.27 9.66 223.5

191 49389 6.30 9.22 12.72 29.79 9.78 224.5

216 48559 6.34 9.31 12.88 30.81 9.90 225.1

241 47516 6.37 9.38 12.99 31.57 10.00 225.2

266 46333 6.39 9.45 13.10 32.35 10.10 225.2

291 45028 6.36 9.44 13.09 32.87 10.13 225.9

FigureA.20:Windspeeddistributionsfor2025
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A.3 Windspeeddistribution
TableA.11:Weibullparametersfor2016

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.289 9.56

91 2.251 9.77

116 2.224 9.94

141 2.201 10.06

166 2.179 10.16

191 2.164 10.26

216 2.152 10.32

241 2.148 10.38

266 2.145 10.43

291 2.143 10.47

TableA.12:Weibullparametersfor2017

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.177 9.65

91 2.134 9.99

116 2.096 10.19

141 2.066 10.34

166 2.038 10.46

191 2.016 10.55

216 2.008 10.63

241 2.004 10.69

266 2.006 10.74

291 2.010 10.79

TableA.13:Weibullparametersfor2018

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.377 10.76

91 2.350 11.04

116 2.331 11.23

141 2.307 11.37

166 2.288 11.50

191 2.271 11.61

216 2.256 11.70

241 2.244 11.78

266 2.235 11.83

291 2.227 11.86

TableA.14:Weibullparametersfor2019

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.304 11.05

91 2.266 11.41

116 2.221 11.63

141 2.184 11.82

166 2.152 11.99

191 2.121 12.14

216 2.088 12.27

241 2.058 12.38

266 2.029 12.44

291 1.998 12.46
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TableA.15:Weibullparametersfor2020

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.087 10.89

91 2.051 11.24

116 2.018 11.46

141 1.991 11.68

166 1.967 11.84

191 1.949 11.99

216 1.936 12.14

241 1.927 12.24

266 1.918 12.33

291 1.897 12.28

TableA.16:Weibullparametersfor2021

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.152 9.70

91 2.128 10.00

116 2.113 10.20

141 2.095 10.39

166 2.078 10.54

191 2.058 10.67

216 2.043 10.80

241 2.029 10.94

266 2.000 11.04

291 1.962 11.02

TableA.17:Weibullparametersfor2022

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.078 9.82

91 2.046 10.20

116 2.018 10.43

141 1.994 10.62

166 1.972 10.77

191 1.950 10.90

216 1.934 11.02

241 1.919 11.14

266 1.905 11.22

291 1.889 11.21

TableA.18:Weibullparametersfor2023

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.209 10.75

91 2.187 11.12

116 2.165 11.37

141 2.141 11.61

166 2.118 11.81

191 2.099 11.99

216 2.083 12.16

241 2.069 12.31

266 2.049 12.41

291 2.017 12.40

TNOPublic 47/63



TNOPublicTNO-2026-17436 AppendixA

TableA.19:Weibullparametersfor2024

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.156 10.27

91 2.134 10.66

116 2.107 10.90

141 2.085 11.14

166 2.063 11.32

191 2.048 11.49

216 2.037 11.65

241 2.023 11.77

266 2.009 11.85

291 1.986 11.79

TableA.20:Weibullparametersfor2025

HeightShape(𝑘) Scale(𝑐)

m − m/s

63 2.310 10.04

91 2.274 10.34

116 2.248 10.53

141 2.225 10.71

166 2.198 10.85

191 2.177 10.99

216 2.159 11.11

241 2.144 11.22

266 2.127 11.32

291 2.107 11.33

TNOPublic 48/63



TNOPublicTNO-2026-17436 AppendixA

A.4 Windshearandveer
A.4.1 Windshearandveerasfunctionofthemonth

FigureA.21:Windshearandveerasfunctionofthemonth-of-yearfor2016

FigureA.22:Windshearandveerasfunctionofthemonth-of-yearfor2017

FigureA.23:Windshearandveerasfunctionofthemonth-of-yearfor2018

FigureA.24:Windshearandveerasfunctionofthemonth-of-yearfor2019
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FigureA.25:Windshearandveerasfunctionofthemonth-of-yearfor2020

FigureA.26:Windshearandveerasfunctionofthemonth-of-yearfor2021

FigureA.27:Windshearandveerasfunctionofthemonth-of-yearfor2022

FigureA.28:Windshearandveerasfunctionofthemonth-of-yearfor2023
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FigureA.29:Windshearandveerasfunctionofthemonth-of-yearfor2024

FigureA.30:Windshearandveerasfunctionofthemonth-of-yearfor2025
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A.4.2 Windshearandveerasfunctionofhour

FigureA.31:Windshearandveerasfunctionthehour-of-dayfor2016

FigureA.32:Windshearandveerasfunctionthehour-of-dayfor2017

FigureA.33:Windshearandveerasfunctionthehour-of-dayfor2018

FigureA.34:Windshearandveerasfunctionthehour-of-dayfor2019
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FigureA.35:Windshearandveerasfunctionthehour-of-dayfor2020

FigureA.36:Windshearandveerasfunctionthehour-of-dayfor2021

FigureA.37:Windshearandveerasfunctionthehour-of-dayfor2022

FigureA.38:Windshearandveerasfunctionthehour-of-dayfor2023
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FigureA.39:Windshearandveerasfunctionthehour-of-dayfor2024

FigureA.40:Windshearandveerasfunctionthehour-of-dayfor2025

TNOPublic 54/63



TNOPublicTNO-2026-17436 AppendixA

A.4.3 Windshearandveerasfunctionofwindspeed

FigureA.41:Windshearandveerasfunctionofwindspeedfor2016

FigureA.42:Windshearandveerasfunctionofwindspeedfor2017

FigureA.43:Windshearandveerasfunctionofwindspeedfor2018

FigureA.44:Windshearandveerasfunctionofwindspeedfor2019
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FigureA.45:Windshearandveerasfunctionofwindspeedfor2020

FigureA.46:Windshearandveerasfunctionofwindspeedfor2021

FigureA.47:Windshearandveerasfunctionofwindspeedfor2022

FigureA.48:Windshearandveerasfunctionofwindspeedfor2023
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FigureA.49:Windshearandveerasfunctionofwindspeedfor2024

FigureA.50:Windshearandveerasfunctionofwindspeedfor2025
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A.4.4 Windshearandveerasfunctionofwinddirection

FigureA.51:Windshearandveerasfunctionofwinddirectionfor2016

FigureA.52:Windshearandveerasfunctionofwinddirectionfor2017

FigureA.53:Windshearandveerasfunctionofwinddirectionfor2018

FigureA.54:Windshearandveerasfunctionofwinddirectionfor2019
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FigureA.55:Windshearandveerasfunctionofwinddirectionfor2020

FigureA.56:Windshearandveerasfunctionofwinddirectionfor2021

FigureA.57:Windshearandveerasfunctionofwinddirectionfor2022

FigureA.58:Windshearandveerasfunctionofwinddirectionfor2023
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FigureA.59:Windshearandveerasfunctionofwinddirectionfor2024

FigureA.60:Windshearandveerasfunctionofwinddirectionfor2025
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A.4.5Windshearandveerasfunctionofwindspeedandwind
direction

FigureA.61:Windshearandveerasfunctionofwindspeedanddirectionfor2016

FigureA.62:Windshearandveerasfunctionofwindspeedanddirectionfor2017

FigureA.63:Windshearandveerasfunctionofwindspeedanddirectionfor2018
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FigureA.64:Windshearandveerasfunctionofwindspeedanddirectionfor2019

FigureA.65:Windshearandveerasfunctionofwindspeedanddirectionfor2020

FigureA.66:Windshearandveerasfunctionofwindspeedanddirectionfor2021

FigureA.67:Windshearandveerasfunctionofwindspeedanddirectionfor2022
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FigureA.68:Windshearandveerasfunctionofwindspeedanddirectionfor2023

FigureA.69:Windshearandveerasfunctionofwindspeedanddirectionfor2024

FigureA.70:Windshearandveerasfunctionofwindspeedanddirectionfor2025
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