Evaluating the performance of Climate Models over the North Sea region for the
estimation of offshore wind energy changes due to climate change
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1. MOTIVATION 2. STUDY AREA
Marine wind changesnay affect offshorewind farmsthroughdifferentcycles(e.g. designphase pperabilityandmaintenance | Accordingto n Of f srédnewaldeenergy developments Offshore
activities, life spanof the structure) The aim of this studyis to analyzethe climate changeimpacton offshorewind energy || Wi n dh@tps//northsearegiaru), by theendof 2016in Europe
resourceoverthe North Sea The phasel of this study therefore focusedon evaluating the performance of climate models | SoorCe oo (B s
to simulate surface atmospheric circulation. The behaviorof different climate model productsto simulatepresentclimate || *  Offshorewind farms 81 1. |
conditionsandfuture changesinderseveralkclimate changescenarioss analyzedby developinga weather type classification || %  Installedturbines 3.589 L m i
for the study area Resultsindicate that spatial resolutionof RCMs better reproducemesescalefeaturesand relatedwind || x  NominalPower 12631GW 7« = ' - .
climate changesanda ranking of the performance of the RCMs is provided Outcomeswill helpto reduceuncertaintyin “ i 78D\
futurewind climatechangeestimationsatregionalscale Yok Sy
Several works aim to assess changes in atmospheric characteristics during the XXI cesmhal,rasdifications of large 3 B %
circulation patterns can affect the availability of renewable sources at mitb-long term. As it regards North Sea region: JEm N
x  Carvalho et al. (201 Aimulated alecrease in Wind Energy Densitf{10% to 30%) by the end of the century. i N ‘ Y = -
x  Distribution of projected changes varies considerablypetween models, both in sign and in strength, as found algellstrom et al. @ o R R
(2011) Mclnnes et al. (2011andDe Winter et al. (2013). tegond B —
x  Mclnnes et al. (2011fpund an overall increase up to 5% of the 99th percentile daily mean wind speed in winter and a similar degrease ~ S°7FC= Mwnomsearegonon - m oresiers Coviasoen 5
in summer, consistent withcaife et al. (2008)revision ofclimate extremes occurrence variatioras a consequence of NAO _ e Gy s
oscillations. North Sea region has been selectedfor this study as all top 5
: : : : : : .+. Europearcountries UK, DE, DK, NL, BE) for thelargestamountof
A ranking method for climate models could guide the selection of the most skilled ones in a specm&E P =0 . ) helarg .
: . . e N installed offshore wind capacity are bordering it, representing
study area, thus increasing significance and reliability of ensemble results. combinedd7% of all grid-connectedoffshore turbines in Europe.
3. DATA
. r— 0 . WCRP CM|P5 . . - 5 WCRP
ECMWEF ReAnalysis5 (ERAD) ASLDS Fovedl GeneralCirculation Models GCMs) and RegionalClimate Models RCMS) CeEsRD EX
. _ _ x 7 GCMsand7 RCMsconsidered
Past conditions are characterized through reanalysis . . .
X RCPscenarios4.5 (peakin 2040 and8.5 (steadyincrease)
product ERAS (releasedby the EuropeanCenterfor @il e [ O (e GEN LA (LaldLe A GCMs and RCMs Wind
Medium Range Weather Forecastin 2019, which patiaidetintion. ' (o 63, LAT: ( o ) Eﬁa"ffezeegiiig(z\t’:d[)g e
combinesvast amountsof historical observationsinto < Spaleleseiiem Echile 10°Km, RCMa 10Km e - e
global estimatesusing advancedmodelling and data X Timeperiods historical 19852005 future: 20812100 RCP8.5 climate scenario
aSSI m I |at| O nsyste ms -;a::):: T\./I,(:;:Irlzed CM;:Z;;Z;I\:; r;:a;i:rmstltutlons, countries and atmospheric resolutloncountry —
In this way n g u-la & ahbubly estimatesof a |arge ACCESS1 CSIROBOM Australia  1.25°x 1.90°, L38 T ”_ Tooemee IIDS]
c . . CMCC-CM CentroEuro-Mediterraneo per i Cambiamenti Climatici Italy 0.75°x0.75°, L31
e e e e ol e
variablesareprovided IPSISCMSAMR  netor PrenaSimon Lapiace Face 1oz Lop
MIROCS5 MIROC Japan 1.40 °x 1.40°, L40
x  SpatialDomain wholeEarth SN s ——— The ensemblemean of Wind Power Density (WPD) changesare estimated
x  Time coverage1950onward \ 4 colmmelr  MIROCS iRoCs | | oarxoar Pointsin which at least80% of modelsconsideredshow sign agreementre
x  Grid dimension 30 km (0.254 RAd | CNRWCWS  Cone Naional de Rechaches Mels ioogses 0117 X011 identified by blackdots Thewider areacoveredby dotsin theright paneljustify
x  Levelsnumber 137 (upto z = 80 km) ECMWF RCAD PSLCMBAMR  Insitute PierreSimon Lapiace 85115?85115 the choic_e to use only RCMS_ for the presentwork, although a higher
RCA4 MPI-ESM-LR Max-PlanckInstitut fur Meteorologie 0.11°x0.11 COmpUtathnatOSthStbe SUStalned
4. METHODOLOGY
A synoptic classificationbasedon sealevel pressure | _ TheWeathefType classifications obtainedoy applyingthe non-hierarchicaklustering
(slp) datafor successivewind analysis purposesis REAnEYSE SHmEEHocE technique K -meansoverthe previouslyidentifiedcomponents
well motivatedby the fact thatin the Atlantic region
veralsurface variabl re highl rrel with - . L
Severa Su. SO VEIIELL eS.a < nighly corre a.te.d .t Synoptic g x  100classesn orderto preserveesultssignificanceandaccuratelyreproduceextremesituations
pressurefields, suchaswind wavesandprecipitation classification L _ _ _
(WT) > x  Dissimilarity -basedcompoundselection(Snareyetal. 1997 asalgorithmforcing:
x slpGDLO\ PHDQ IU&® (5&0M¥0852005) v X Proximity criterion to minimizethesumof Euclideandistanced®etweeneachcentroidandits neighbor:
x  RCMs data re-gridded onto ERAS grid TEEEE simulated :
Deoene e B (A n) B ¢ !
frésqﬁggiy frésgsgf}iy -” : \/ (r]l’j r]) 0 ; =| - 1" E#
Mean SLPduring the period

19852005 based on ERA5
hourly data B (i o [ o B i 0
| "'“j (om _iom) B iom
FUTURE
VARIABILITY
N=1:100(WT)  p, = ERAS frequency p ;& CM frequency

Principal Component Analysis (PCA)is used in order to apply the
clustering technigue on a reduced virtual space whilst conserving the
maximum original data variancd2érez etl. 2014, through a
representation of anomaliesgpaceandtime

x YD (¢fv) “YO@) YO @)
x 3 modesfor 95% of variance

x A WeatherType classificationover the North Searegion is obtained || F've bestRCMs (underlinedin —
. . : . . . : red) have been ensembledto CotMa817 RCA
ulsmga maccrlune Iearang approach, allowing objective offshore wind || investigate variations in the Weather Types synoptic
climate conditions analysis occurrence of each WT ifination | -
y | betweon future and. historic classification is applied to
X MPI results to be the best performing model. Low valuesof std(Sl) || period considered Black dots RCMs andrequency of
(0.4685, Sl (0.4482 and RE (0.3804 meangood skills in reproducing g‘;r'g:;feantb'eetjfgfgﬁ S‘?f sign occurrenceis compared
interannuakariability, frequentandunusuakynopticsituations WTreq e WTreq oo with ERAS reference
x Variations in the occurrence of specific WT have been highlighted — pattern, obtaining
for the end of the century through ensembleapproach, showinga _ STATISTICAL INDICES
strong increasein the frequency of a limited number of synoptic _
situationsanda lessintensedecreaséor a numberof weathertypes
References
Carvalh®., Rocha\, GomegesteiraM, SilvaSanto<C. (2017 Potentiaimpact®fclimatehangen Europeawindenergyesourceinderthe CMIB futureclimaterojectionsikenewablEnergyl 01 2940 -
Kjellstror&., NikulirG,, Hanssot., Strandber@., Ullestigh (201} 21st centurchangesntheEuropeanclimateuncertaintiederivedromanensemblefregionatlimatenodekimulationg ellus63A. 24 40
MclnneXL., ErwinT.A,, Batholds.M. (201} Globatlimatenodeprojected¢hangesn 10mwindspeedanddirectiomueto anthropogenatimatehangeAtmosScilet12 325333
ScaifeA, FollandC. K., Alexandel.V., Mobercd\, Knightl.R. (200§ EuropeaslimatextremeandtheNorthAtlanti©scillatiod Clim21, 72 83
DeWinteRC, SterlA, RuessinB.G. (2013 WindextremetheNorthSeabasinunderclimatehangeanensemblstudyof 12 CMIB GCMsJ Geophy&es118 16011612
Perezl., Menendekl, Mende#.J., Losadd.J (2014. Evaluatintheperformancef CMIB andCMIPB globaklimatenodel®verthenortheastAtlanticegionClimDyn, 43 26632680
SnareyM, TerretNK WilletP, WiltorDJ(199F Comparisoof algorithmfordissimilaridyaseccompoundelection) MolGraphic$/odell56):372 38

UJ


https://northsearegion.eu/

