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ECMWF ReAnalysis-5 (ERA5)

Past conditions are characterized through reanalysis

product ERA5 (releasedby the EuropeanCenter for

Medium Range Weather Forecast in 2019), which

combinesvast amountsof historical observationsinto

global estimatesusing advancedmodelling and data

assimilationsystems.

In this way ñquasi-realòhourly estimatesof a large

number of atmospheric, land and oceanic climate

variablesareprovided:

× SpatialDomain: wholeEarth

× Timecoverage: 1950onward

× Grid dimension: 30km (0.25Á)

× Levelsnumber: 137(up to z = 80 km)

Marine wind changesmayaffectoffshorewind farmsthroughdifferentcycles(e.g. designphase,operabilityandmaintenance

activities, life spanof the structure). The aim of this study is to analyzethe climatechangeimpacton offshorewind energy

resourceover theNorth Sea. ThephaseI of this study therefore focusedon evaluating the performance of climate models

to simulate surface atmospheric circulation . The behaviorof different climate model productsto simulatepresentclimate

conditionsandfuturechangesunderseveralclimatechangescenariosis analyzedby developinga weather type classification

for the study area. Resultsindicate that spatial resolutionof RCMs better reproducemeso-scalefeaturesand relatedwind

climatechanges,anda ranking of the performance of the RCMs is provided. Outcomeswill help to reduceuncertaintyin

futurewind climatechangeestimationsat regionalscale.

Several works aim to assess changes in atmospheric characteristics during the XXI century, as small modifications of large 

circulation patterns can affect the availability of renewable sources at mid-to-long term. As it regards North Sea region:

× Carvalho et al. (2017)simulated a decrease in Wind Energy Density(10% to 30%) by the end of the century.

× Distribution of projected changes varies considerably between models, both in sign and in strength, as found also in Kjellströmet al. 

(2011), McInnes et al. (2011)and De Winter et al. (2013).

× McInnes et al. (2011)found an overall increase up to 5% of the 99th percentile daily mean wind speed in winter and a similar decrease 

in summer, consistent with Scaife et al. (2008)prevision of climate extremes occurrence variationas a consequence of NAO

oscillations.

A ranking method for climate models could guide the selection of the most skilled ones in a specific 

study area, thus increasing significance and reliability of ensemble results.

1. MOTIVATION 2. STUDY AREA

× Offshorewind farms: 81

× Installedturbines: 3.589

× NominalPower: 12.631GW
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Evaluating the performance of Climate Models over the North Sea region for the 
estimation of offshore wind energy changes due to climate change

According to ñOffshorerenewableenergydevelopments- Offshore

Windò(https://northsearegion.eu), by theendof 2016in Europe:

North Sea region has been selectedfor this study as all top 5

Europeancountries(UK, DE, DK, NL, BE) for thelargestamountof

installed offshore wind capacity are bordering it, representing

combined97% of all grid-connectedoffshore turbines in Europe.

3. DATA
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The ensemblemean of Wind Power Density (WPD) changesare estimated.

Points in which at least80% of modelsconsideredshow sign agreementare

identifiedby blackdots. Thewider areacoveredby dotsin theright paneljustify

the choice to use only RCMs for the present work, although a higher

computationalcostmustbesustained.

× 7 GCMsand7 RCMsconsidered

× RCPscenarios: 4.5 (peakin 2040) and8.5 (steadyincrease)

× Spatialdefinition: LON: (48 : 63), LAT: (-11 : 14)

× Spatialresolution: GCMå102 Km, RCMå10 Km

× Timeperiods: historical: 1985-2005, future: 2081-2100
Table 1: Analyzed CMIP5 GCMs names, institutions, countries and atmospheric resolution 

GCM Model Modelling Center Country  Resolution 

    

ACCESS1 CSIRO-BOM Australia 1.25° x 1.90°, L38 

CMCC-CM Centro Euro-Mediterraneo per i Cambiamenti Climatici Italy 0.75° x 0.75°, L31 

CNRM-CM5 Centre National de Recherches Meteorologiques France 1.40° x 1.40°, L31 

GFDL-ESM2G NOAA Geophysical Fluid Dynamics Laboratory USA 2.00° x 2.50°, L48 

HadGEM2-ES Met Office Hadley Centre UK 1.25° x 1.90°, L38 

IPSL-CM5A-MR Institut Pierre-Simon Laplace France 1.25° x 2.50°, L39 

MIROC5 MIROC Japan 1.40 °x 1.40°, L40 

    

 
Table 2: Analyzed EuroCORDEX RCMs names, parent GCMs, institutions and atmospheric resolution 

RCM Model Parent GCM Modelling Center Resolution 

    

CCLM4-8-17 MIROC5 MIROC5 0.11° x 0.11° 

CCLM4-8-17 CanESM2 Canadian Centre for Climate Modelling and Analysis 0.11° x 0.11° 

RCA4 CNRM-CM5 Centre National de Recherches Me´te´orologiques 0.11° x 0.11° 

RCA4 EC-EARTH EC-EARTH consortium 0.11° x 0.11° 

RCA4 HadGEM2-ES Met Office Hadley Centre 0.11° x 0.11° 

RCA4 IPSL-CM5A-MR Institute Pierre-Simon Laplace 0.11° x 0.11° 

RCA4 MPI-ESM-LR Max-Planck-Institut fur Meteorologie 0.11° x 0.11° 

    

 

4. METHODOLOGY

5. RESULTS6. CONCLUSIONS
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× slp �G�D�L�O�\���P�H�D�Q���I�U�R�P���(�5�$���¶�Vand �����5�&�0�¶�V(1985-2005) 

× RCMs data re-gridded onto ERA5 grid

A synopticclassificationbasedon sealevel pressure

(slp) data for successivewind analysispurposesis

well motivatedby the fact that in the Atlantic region

severalsurfacevariables are highly correlated with

pressurefields, suchaswind wavesandprecipitation:

TheWeatherTypeclassificationis obtainedby applyingthenon-hierarchicalclustering

techniqueK-meansoverthepreviouslyidentifiedcomponents:

× 100classesin orderto preserveresultssignificanceandaccuratelyreproduceextremesituations

× Dissimilarity -basedcompoundselection(Snareyetal. 1997) asalgorithmforcing:

× Proximity criterion to minimizethesumof Euclideandistancesbetweeneachcentroidandits neighbors

× Ὓὒὖ ὼȟὸ Ὓὒὖὼȟὸ Ὓὒὖὸ

× 3 modesfor 95% of variance

GCMs and RCMs Wind 

Power Density(WPD) 

changes estimated by the 

end of XXI century for 

RCP8.5 climate scenario

General Circulation Models (GCMs) and RegionalClimateModels (RCMs)

Principal Component Analysis (PCA)is used in order to apply the 

clustering technique on a reduced virtual space whilst conserving the 

maximum original data variance. (Perez et al. 2014), through a 

representation of anomalies in space andtime

Mean SLP during the period 

1985-2005 based on ERA5 

hourly data

SOURCE: www.northsearegion.eu
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Weather Types synoptic 

classification is applied to 

RCMs and frequency of 

occurrence is compared 

with ERA5 reference 

pattern, obtaining
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STATISTICAL INDICES

SOURCE: www.northsearegion.eu

Five best RCMs (underlinedin

red) have been ensembledto

investigate variations in the

occurrence of each WT

between future and historic

period considered. Black dots

indicate at least 80% of sign

agreementbetweenCMs.

N=1:100(WT) pi = ERA5 frequency pôi = CM frequency

× A WeatherType classificationover the North Sea region is obtained

usinga machine learning approach, allowing objective offshore wind

climate conditionsanalysis.

× MPI results to be the best performing model. Low valuesof std(SI)

(0.4685), SI (0.4482) andRE (0.3804) meangoodskills in reproducing

interannualvariability, frequentandunusualsynopticsituations.

× Variations in the occurrence of specific WT have been highlighted

for the end of the century through ensembleapproach, showing a

strong increase in the frequency of a limited number of synoptic

situationsanda lessintensedecreasefor anumberof weathertypes.

WTfreq_future- WTfreq_historical

https://northsearegion.eu/

