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PreliminaryPreliminary ExperimentalExperimental PhasePhase

3 3 SitesSites in in SouthernSouthern ItalyItaly

in in complexcomplex orographyorography andand

withwith no no dominatingdominating windwind

patternspatterns

Site 1: 20 Site 1: 20 TurbinesTurbines at at anan

altitudealtitude fromfrom 279 279 toto 636m636m

Site 2: 15 Site 2: 15 TurbinesTurbines at at anan

altitudealtitude fromfrom 334 334 toto 381m381m

Site 3: 38 Site 3: 38 TurbinesTurbines at at anan

altitudealtitude fromfrom 374 374 toto 717m717m
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ObservationalObservational Wind DataWind Data

�� 10 or 1 minute 10 or 1 minute temporaltemporal resolutionresolution

�� AnemometersAnemometers at 10,at 10, 40,40, 60 and 80 60 and 80 metersmeters aboveabove groundground

�� AverageAverage windwind speedspeed and directionand direction

�� Standard Standard deviationdeviation ofof speedspeed and directionand direction

Phase I  (experimental) : anemoter data
Phase II (operational)   : data for every turbine
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NumericalNumerical ModelModel DataData

�� WRFWRF--ARW ARW VersionVersion 3.3 / 3.43.3 / 3.4

�� Triple Triple nestingnesting 8km, 2.6km, 0.89 km8km, 2.6km, 0.89 km

�� 42 42 verticalvertical levelslevels

�� GFS GFS InitializationInitialization and and contourcontour datadata

�� 36 36 hourhour simulationssimulations

�� Output Output everyevery 10 10 minutesminutes

�� Linear Linear verticalvertical interpolationinterpolation ofof desireddesired fieldsfields
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WRF WRF ModelModel FinalFinal SettingsSettings

�� 3030”” TopographyTopography

�� Thompson Thompson graupelgraupel physicalphysical schemescheme

�� RRTM long RRTM long wavewave radiationradiation schemescheme

�� GoddardGoddard short short wavewave radiationradiation schemescheme

�� UnifiedUnified NoahNoah landland--surfacesurface modelmodel schemescheme

�� MellorMellor--YamadaYamada--JanjicJanjic TKE TKE boundaryboundary layerlayer schemescheme

�� KainKain--FritschFritsch convectiveconvective schemescheme ((coarsercoarser domain)domain)

�� NonNon--hydrostatichydrostatic ((finerfiner domainsdomains))

�� Topo_windTopo_wind testedtested
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2 Test Cases2 Test Cases

14 October 2011 16 December 2011
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14 14 OctOct 2011, Site 2, Wind 2011, Site 2, Wind SpeedSpeed
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14 14 OctOct 2011, Site 2, Wind Direction2011, Site 2, Wind Direction
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16 16 DecDec 2011, Site 3, Wind 2011, Site 3, Wind SpeedSpeed
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16 16 DecDec 2011, Site 3, Wind Direction2011, Site 3, Wind Direction
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Wind Wind SpeedSpeed MeanMean AbsoluteAbsolute ErrorError

1.7681.768

1.7131.713

Site 2 14 Site 2 14 OctOct

2.1502.150

Site 3 16 Site 3 16 DecDecSite 2 16 Site 2 16 DecDecSite 3 14 Site 3 14 OctOct

2.9262.9266.9326.9322.7882.7880.89 km0.89 km

3.3913.3916.7066.7063.0433.0432.67 2.67 kmkm

5.2205.2208.5808.5803.7893.7898 km8 km
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Linear Linear RegressionRegression

CorrectedCorrected Wind = Wind = ForecastedForecasted Wind Wind –– ExpectedExpected ErrorError

ExpectedExpected ErrorError = Au + = Au + BvBv + C+ C

u and v are the u and v are the windwind componentscomponents

A, B, C are A, B, C are calculatedcalculated withwith linearlinear regressionregression ofof data data ofof

the last 15 the last 15 daysdays
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2.67 km 2.67 km runrun Wind Wind SpeedSpeed forfor turbine 1 in Site 1turbine 1 in Site 1
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OperationalOperational resultsresults

ForecastForecast MAE (FMAE) and MAE (FMAE) and CorrectedCorrected ForecastForecast MAEMAE

(CFMAE) (CFMAE) forfor the 2.67 km domain the 2.67 km domain runsruns forfor allall sitessites on theon the

30th 30th ofof JulyJuly 2012:2012:

Site 1 Site 1 –– FMAE: 3.89 FMAE: 3.89 –– CFMAE: 3.22CFMAE: 3.22

Site 2 Site 2 –– FMAE: 5.12 FMAE: 5.12 –– CFMAE: 4.08CFMAE: 4.08

Site 3 Site 3 –– FMAE: 4.08 FMAE: 4.08 –– CFMAE: 3.31CFMAE: 3.31

PowerPower ~ V~ V3
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ConclusionConclusion and Future Workand Future Work

�� IncreasingIncreasing the the resolutionresolution fromfrom 8 8 toto 2.67 km 2.67 km producesproduces

more more realisticrealistic windwind fieldsfields

�� MAE MAE comparablecomparable whenwhen resolutionresolution increasedincreased fromfrom 2.672.67 toto

0.89 km0.89 km

�� Linear Linear regressionregression producesproduces greatergreater improvementimprovement toto

resultsresults forfor windwind speedspeed and and subsequentlysubsequently powerpower fieldsfields

�� RunsRuns withwith resolutionresolution up up toto 100 100 metersmeters willwill bebe testedtested


