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Abstract
�

This reportsummarizesthe findingsof the EFPprojectWAsPEngineering
Version 1.0 DK — Vindforhold for vindmølledesign. WAsP Engineeringis a seriesof
experimentalandtheoreticalactivities concerningpropertiesof thewinds in moderately
complex terrain with relevancefor loadson wind turbinesand other large structures.
Thesepropertiesincludeextremewinds,wind shearandturbulence.Most of themodels
havebeenintegratedin a windowsprogramprototype,alsocalledWAsPEngineering.

Thebasicmeanflow modelLINCOM hasbeenchangedin severalrespectsto accom-
modatethedemandsfrom loadcalculations.Themostimportantchangeis theinclusion
of acomplex modelfor theroughnesslengthonwaterbodies.This is particularlyimpor-
tant for theestimationof extremewindsin thevicinity of seashores.A secondaddition
is the calculationof spatialderivativesof themeanflow to beusedfor the modelingof
turbulence.

Theturbulencestructureon hills is modeledby perturbingtheflat, homogeneouster-
rain turbulenceusing Rapid Distortion Theory. A simple model for the adjustmentof
turbulenceto roughnesschangesis alsoapplied.Secondorderturbulencestatisticssuch
asturbulenceintensities,spectraandcross-spectracanbeestimatedat user-chosenposi-
tionsin theterrain.A programfor simulationof turbulencewith thecalculatedstatistics
hasbeendeveloped.However, it hasnot yetbeenintegratedinto thewindowsinterface.

Climatologicalseriesof wind speedhave beenanalyzedto establishtheextremewind
climateoverDenmark.Theextremewind climatecontainsdirectionalinformationandis
usedfor estimatingtheextremewindsatanarbitrarypositionin complex terrain.A netof
highprecisionpressuresensorscoveringDenmarkhasbeenestablishedin orderto obtain
aclimatologyof thegeostrophicwind. A tentativeconclusionfrom only oneyearof data
is that,statistically, thegeostrophicwind decreaseswhengoingfrom westtowardeast.
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1 Intr oduction

Theoutcomeof WAsPEngineeringDK is measurements,analysisandtheoriesconcern-
ing propertiesof thewind whicharerelevantfor theestimationof loadsonwind turbines
andothercivil engineeringstructuressituatedin complex terrain.Most of the resultsof
theseactivities areunifiedin thecomputerprogramWAsPEngineering,version1 Proto-
type.Thewind propertiestreatedin this work are:

1. Extremewind speeds,e.g. the 50 yearwind. If a wind turbine is well situatedon
a hill the meanwind speedand therebythe energy productioncan be increased
significantlycomparedto thatoverflat terrain.Unfortunately, the50 yearwind will
increasecorrespondingly, maybecalling for increasedstrengthof thewingsor other
partsof theturbine.

2. Wind shearsandwind profiles.Strongmeanwind shears(large differencesof the
meanwind speedover the rotor) give large fluctuatingloadsandconsequentlyfa-
tigueonwind turbineblades,becausethebladesmovethroughareasof varyingwind
speed.

3. Turbulence.Turbulence(gustsof all sizesandshapes)causesdynamicloadsonvar-
iouscivil engineeringstructures,includingwind turbines.Thestrengthof theturbu-
lencevariesfrom placeto place.Over landtheturbulenceis moreintensethanover
the sea.Also the hills affect the structureof turbulence.We modelvariousterrain
dependentpropertiesof turbulence.

This reportoutlinesthevarioussubtopicsof theprojectandpresentstheprototypesoft-
ware.

2 The linear flow model LINCOM

Within theconceptof linearizedflow modelsoriginally introducedby JacksonandHunt
(1975),TroenanddeBaas(1986)developedarelatively simplemodelfor neutrallystable
flow overhilly terrain.ThemodelwaslaternamedLINCOM, anacronymfor LINearized
COMputation.Several investigatorsextendedandchangedthe modelcodein different
waysuntil Santabárbara,Mikkelsen,Kamada,Lai andSempreviva(1994)rewroteit com-
pletely. The baseof this versionof the code,giving the influenceof the topographyon
theflow of aneutrallystratifiedatmosphere,hasbeenextendedby Astrup,Mikkelsenand
Jensen(1997)with a modelfor the influenceof varyingsurfaceroughness.This exten-
sionwasbasedon theassumptionthatcloseto thegroundtheflow is in equilibriumwith
the local surfaceroughness,andon a complicatedmodel for the vertical extent of this
equilibriumzone.

Later the modelhasbeenextendedto calculatespatialderivativesof the meanwind
field, suchastheverticalshear∂U � ∂z, which is usedin theturbulencemodeling.

LINCOM is basedonananalyticalsolutionin Fourierspaceto asetof linearequations
derived from the normalnonlinearmass-andmomentumequationsfor incompressible
fluid flows.Thelinearequationsdescribetheperturbationsin velocityandpressurewhich
therealterraininducesin anequilibriumflow correspondingto aflat terrainwith uniform
surfaceroughness.Theperturbationscausedby horizontalgradientsin groundelevation
andsurfaceroughnessaredeterminedseparatelyandaddedasafirst orderapproximation
to thecombinedperturbation.

LINCOM is different from the flow model in WAsP (Mortensen,Landberg, Troen
andPetersen1993) in several aspects.WAsP usesa Fourier-Besselexpansionon a po-
lar zoominggrid andcalculatesthe wind speedat the centralpoint only. The zooming
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grid� resolvesthe landscapebetterthe closerto the center, which is obviously appropri-
ate.LINCOM calculatesthewind vectorby Fouriertechniquesin every meshpoint of a
rectangulargrid, seefigure1. This is appropriatefor WAsPEngineeringfor two reasons.
Firstly, to modela wind speed(andfetch)dependentroughnessat seait is necessaryto
know thewind speedover theentirebodyof water. Secondly, the turbulencemodelde-
scribedin section3 usestheflow field upwindfrom thepoint of interestasinput.Again,
informationon theflow in morethanonepoint is essential.

WAsP WAsPEngineering

Figure1. Thecalculationmeshesof WAsPandWAsPEngineering

Anotherdifferenceis thatLINCOM hasa morerealistictreatmentof the inner layer,
i.e. thelayercloseto thegroundwhereperturbationsin theturbulentmomentumtransport
is important.

Finally, thanksto Santabárbaraet al. (1994)andlatercontributorsthesourcecodefor
LINCOM is well structuredandeasyto change.

2.1 The water roughnessmodel
For WAsPEngineering,thebestpossiblepredictionof flow overwaterbodiesis of great
importancebecauseat extremelystrongwinds the roughnessof the seais muchlarger
thanataveragewind speeds.This in turn influencesthecalculated50-yearextremewinds
whenever large bodiesof waterarecloseto the site of interest.For that reasona water
roughnessmodeli.e.amodelgiving theseasurfaceroughnessheight,hasbeeninterfaced
with LINCOM. ThemodeledroughnessdependsupontheLINCOM-calculatedvelocity
field which in turndependsuponthemodeledroughness.Reasonablyconsistentfieldsof
roughnesslengthandwind velocityarethereforeobtainedby iteration.

The basisof the model is the well known formula of Charnock(1955) for surface
roughnessof the sea,statingthat roughnessincreaseswith increasingwind speed.This
hasbeenmodified to take into accountfinite fetch lengths(Astrup and Larsen1999,
Astrup,Larsen,RathmannandMadsen1999).An exampleof calculatedwaterroughness
for strongwindsis shown in figure2.

3 Turbulence

A lot is known aboutturbulenceover flat terrain.Thepurposeof this partof theproject
is to developmodelsthattake into accounttheinfluenceof roughnesschangesandgentle
hills on theturbulencestatistics.This is describedin moredetailbelow. In section3.2we
outlinehow this modelof theturbulencestatisticsis usedto simulatefieldsof turbulence
suitableasinput to dynamicloadcalculationson wind turbinesandotherstructures.

6 Risø–R–1179(EN)
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Figure2. Calculatedroughnesslengthsat seafor 24 m/swindscomingfrom300� .
3.1 Turbulencestatisticsmodel
Themodelingof theturbulencestructureis dividedinto two parts:Orographyandrough-
nessvariations.For theformerrapiddistortiontheory(RDT) is used.

Effectsof bothon the turbulencearetreatedasperturbationsto theflat andhomoge-
neousterrainturbulencemodelof Mann (1994),which encompassesmany well known
propertiesof atmosphericsurfacelayer turbulence.The model assumesneutralatmo-
sphericstratification.This maybea seriousrestrictionin casesof moderatewind speeds
overthesea,wherestablestratificationmaysuppressturbulence.Also at low wind speeds
bothstableandunstableatmosphericstratificationmay alter the meanflow andthe tur-
bulenceandhencethestructuralloadsdrastically. A prominentexampleof this is a steel
chimney, whichmayexperiencethelargestdynamicloadsat light stablystratified(turbu-
lencefree)winds,wherevortex sheddingoccurs.

Themodelingof thechangeof turbulencedueto orographyis limited to theso-called
outerlayer. For a simpleisolatedhill theheight � of theinnerlayeris estimatedby�

L
ln2 � �

z0 �	� 2κ2 
 (1)

wherez0 is the roughnesslength,L the upwind distancewherethe elevation is half the
hill height and κ � 0 � 4 the von Kármánconstant(Jensen,Petersenand Troen 1984).
At heightslower than � thereis approximatelylocalequilibriumbetweenproductionand
dissipationof turbulentkineticenergy,andabove � theperturbationscausedby thehill are
approximatelyinviscid. The inner layerheightis alsoapproximatelyequalto theheight
abovewhich thetravel time over thehill is shorterthantheLagrangiantime scaleor the
eddy‘turn-over’ timescale.
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Innerscalesderivedfrom (1) comparewell with measurementsfrom Askervein,anice
“Gaussian”hill on theOuterHebrides(Walmsley andTaylor 1996).Examplesof calcu-
latesinnerscalesareshown below:

Hill dimensionL [m] Roughnesslengthz0 [m] Innerlayerheight � [m]
100 0.03 2
100 0.3 4
1000 0.03 10

Thelower limit of theapplicabilityof themodelthusdependson theterrain.1 However,
mostwind turbinerotorsarein theouterlayer.

k

kF

 k

�
k

kF

 k

�

Figure 3. Qualitativesketch of the action of a ridge on the turbulenceaccording to the
RDT model.The fluctuationsin the u-componentof the turbulenceare attenuated,as
seenfromtheu-spectrum(solid curve),thev-fluctuationsare not changedmuch (dashed
curve),while thew-fluctuationsareamplified(dottedcurve).

To simplify theRDT equationsvariousapproximationsareapplied(Mann2000),and
althoughtheresultshavebeentestedagainsttheAskerveindata,thelimit of applicability
in termsof thecomplexity of thelandscaperemainsto befully understood.An illustration
of themodificationof theturbulencespectrais shown in figure3.

Themodelingof turbulencechangesdueto roughnessvariationsis not limited to the
outerlayerandshouldapplyall theway down to theroughnesssub-layerwhich is very
closeto theground.Theflow disturbancesproducedby roughnesschangesareby nature
viscousand thusmuch “slower” than thosedue to RDT. We useandmodify the idea
thateddiesrespondto roughnesschangeson theorderof “the eddyturn-overtimescale”
(Panofsky, Larko, Lipschutz,Stone,Bradley, BowenandHøjstrup1982,Højstrup1981).
A consequenceof this is thatthelow frequency endof thespectrumrespondsveryslowly
to roughnesschangeswhile smalleddiesquickly get in equilibriumwith theunderlying
surface.

Thebasicmodelresultis theso-calledspectraltensor(Mann1994).Fromthis mathe-
maticalquantitymorefamiliar statistics,suchasspectra,cross-spectra,variances,turbu-
lenceintensitiesandcoherences,canbe derived.The calculationdoesnot useinforma-
tion aboutthelandscapedirectly, but indirectly throughthemeanflow field calculatedby
LINCOM.

1It shouldbepointedout,however, thatthemeanflow modelLINCOM doesnothave this limitation.
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3.2 Turbulencesimulation
Thespectraltensorproducedby themodeldiscussedabove is very well suitedfor sim-
ulation of turbulencefields,which canbe usedfor time domainsimulationof dynamic
loadson turbinesandotherstructures.Thesimulationalgorithmis describedin detail in
Mann(1998)for turbulencefieldsoverflat terrain,andcentralpartsof thealgorithmscan
be usedunchangedin complex terrain.As opposedto the turbulencestatisticspart the
simulationparthasnotyet beenintegratedin theWindowsprogramprototype.

4 Extr emewinds in Denmark

Wind-speeddatafrom four sitesin Denmarkhave beenanalyzedin orderto obtaines-
timatesof the basic wind velocity which is definedas the 50-yearwind speedunder
standardconditions,i.e. ten-minuteaveragesat the height10 m over a uniform terrain
with theroughnesslength0.05m. Thesitesare,from west,Skjern(15years),Kegnæs(7
years),Sprogø(20 years),andTystofte(15 years).The dataareten minuteaveragesof
wind speed,wind direction,temperatureandpressure.Thelasttwo quantitiesareusedto
determinetheair densityρ . Thedataarecleanedfor terraineffectsby meansof aslightly
modifiedWAsP techniquewherethe sectorspeed-upfactorsandroughnesslengthsare
linearly smoothedwith a directionresolutionof onedegree.Assuminggeostrophicbal-
ance,all the wind-velocity dataaretransformedto friction velocity u� anddirectionat
standardconditionsby meansof the geostrophicdraglaw for neutralstratification.The
basicwind velocity in 30� sectorsareobtainedthroughrankingof the largestvaluesof
the friction velocitypressure 1� 2ρu2� takenbothonceevery two monthsandonceevery
year. Themainconclusionis thatthebasicwind velocity is significantlylargerat Skjern,
closeto thewestcoastof Jutland,thanat any of theothersites.Irrespectiveof direction,
the presentstandardestimatesof 50-yearwind are25 � 1 m/sat Skjernand22 � 1 m/s
at theotherthreesites.Theseresultsarein agreementwith thoseobtainedby Jensenand
Franck(1970) andAbild (1994) and supportsthe conclusionthat the wind climate at
the westcoastof Jutlandis moreextremethanin any otherpart of the country. Simple
proceduresto translatein a particulardirectionsectorthestandardbasicwind velocity to
conditionswith a differentroughnesslengthandheightarepresented.

Figure 4. Theextremewind atlas for all of Denmarkwith exceptionof the WestCoast.
Clicking ona sectorin theleft paneldisplaysthewindspeedfor thatsectorasa function
of returnperiodin theright panel.

A centraloutcomeof this analysis,which is describedin detail in Kristensen,Rath-
mannandHansen(2000),is thesectorwiseextremewindsfor Denmark.An exampleof
thisso-calledextremewind atlasis shown in figure4, which is valid for themostof Den-
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mark� exceptfrom thewesternpartof Jutland.Theleft panelshows the50-yearstormas
a functionof directionin twelve sectorsof 30� . It is no surprisethat thestrongestwinds
comefrom theWestandSouthwest.Theright panelshowstheextremewind asafunction
of returnperiodfor sector6 on a logarithmic(thealmoststraightline) anda linearscale.
The resultson the extremewind climatehave influencedthe Danishcodefor loadson
buildingsandotherstructures.

Theextremewind atlasis the basisfor estimatingextremewinds in complex terrain,
whereit is very importantto know thedirectionaldistribution of strongwindsrelative to
directionalfeaturesin theterrain.How theuserof WAsPEngineeringdoesthis calcula-
tion is shown in section6.

For moreinformationonuncertaintiesandanalysisonextremewindssee(Mann,Kris-
tensenandJensen1998,Kristensen,RathmannandHansen1999,Kristensenetal. 2000).

5 Pressuremeasurementsandgeostrophic
winds

Thebasisfor themethodsusedin WAsPEngineering(andWAsP) is a relationbetween
the ‘free’ wind kilometersabove the surfaceandnearsurfacewinds.This idealizedre-
lation is calledthegeostrophicdraglaw, andthepurposeof this partof theprojectis to
obtainandanalyzedatato investigatethis relationin moredetail.

Therefore,high-precisionbarometershavebeendeployedatsix sitesin Denmark,four
westandtwo eastof theGreatBelt (seefigure5). Thepurposeis to establishlongclima-
tologicalrecordsof thegeostrophicwind asa supplementto therecordsof tensof years
of durationof surfaceobservationsof wind, temperature,humidityetc.,whichhavebeen
obtainedby Risøatmany sitesin Denmark.Threeof thesesitesarein principlesufficient
to determineanaverageof themagnitudeanddirectionof thegeostrophicwind insidethe
triangleformedby thethreesites.Ten,outof twentypossible,triangleshavebeenselected
assuitablefor studyingthegeographicalvariationsof thegeostrophicwind. A tentative
conclusionfrom aboutoneyearof datais thatstatisticallythegeostrophicwind decrease
in magnitudewhengoing from westtowardeast.The dataalsoshowed that the largest
meanvaluesof thegeostrophicmeanwind speedarein a directionsectorfrom 285� to
315� . TheWeibull parameterswerecalculatedfor all ten triangles.Thecurvatureof the
isobarswere determinedby usingsimultaneouspressuremeasurementsat all six sites
andthegeostrophicandgradientwindswerecalculatedandcomparedto thegeostrophic
wind basedon threepressuremeasurementsin oneparticulartriangle.Combiningthe
geostrophicwind with the surfacewind measuredat Tystofte in southernZealand,the
two dimensionlessconstantsA andB in the geostrophicdrag law weredeterminedas
functionsof the surfacefriction velocity. Thesedatasuggestthat A � 0 � 5 andB � 3 � 5.
Thesurfacedataat Tystofteandat Børglum in Vendsysselin northernJutlandwereused
to predictthegeostrophicwind by applyingthegeostrophicdraglaw with theseconstants
andthepredictionswerecomparedto theobservedgeostrophicwind.

Ultimately, we want to carry out an extreme-windanalysison the geostrophicwind
andthegeographicalvariationof the50-yearevent,similar to theanalysisby Kristensen
et al. (1999).However, therecordswe have sofar aretoo shortin durationto make such
an analysismeaningful.From that point of view, we hopethat the measurementswill
continuefor at least10 years.

More informationon geostrophicwindsandpressuremeasurementsin Denmarkmay
befoundin KristensenandJensen(1999).
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Figure5. High precisionpressure stationsin Denmarkinstalledearly1998.

6 The graphical user interface

Mostof themodelsdescribedin this reporthavebeenintegratedinto acomputerprogram
calledWAsPEngineering.Theprogramis a prototypeimplying thatthearchitectureand
theuserinterfacemaybealtereddrasticallyin responseto thefirst experienceswith the
product.Theprogramhasbeendistributedto a limited numberof potentialend-users.

In the following we shall describethe functionalityof the programandshow various
screendumps.This is not intendedto bea completeusermanual.

TheGUI (graphicaluserinterface)is organizedasfollows.To theleft threetreesorga-
nizetheuserinput andcontrolwhich resultsaredisplayedto theright.

To starta projecttheuserselectsa mapfile, which hastheformatalsousedin WAsP.
Thecalculationarea,which maynot betheentirearea,is thenselectedandtheprogram
producesgrid filesof heightandroughnessto beusedin thesubsequentcalculations.The
variousmapscanbeviewedby clicking theiconsin thetop left panel(seefigure6).

Beforestartingthe meanflow calculationsthe userhasto specifysomewind speeds
anddirectionstogetherwith oneor moreheightsabove the terrain.The usermay also
specifysomepointsof interest(e.g.wind turbinesites)thataregoingto be investigated
in moredetail or whereturbulencestatisticsis going to be calculated.The userentered
wind speedis anunperturbedwind speedat a givenheightover a givenroughnessover
flat terrain. In a future versionof WAsP Engineeringwe intend to have the option of
enteringthe wind speedat someuserchosenpoint andto do the meanflow calculation
over theentiredomainfrom that.

An alternativewayof enteringwind speedsanddirectionsis to importanextremewind
climate.This is a collectionof 50-yearspeedsfor thetwelve30� sectorsasshown on the
lower left panelor onthelowerright window in figure7. Also seenonthe‘Map’ window
on thesamefigureis aflag indicatingauserchosensiteof interest.

Oncetheheights,windsandsitesof interestareenteredthecalculationsof themean
flow canbestarted.Theresultsto displayis controlledby thetwo lower left panels.For
example,by selectingthewind ‘270� 22.8m/s’ and‘Fetch’ theupwindfetchover water
will bedisplayedin a window to the right asshown in figure8. Thewind speedsat the
heightz � 70m aredisplayedsimilarly. Thecalculatedgrid fields,whichall areavailable
underthenode‘Resultgrid maps’in the‘Sitesandheights’panel,arelistedbelow:

Risø–R–1179(EN) 11



Figure6. Thegraphicaluserinterfaceof WAsPEngineering.

Quantity Description
Fetch The lengthof theup wind waterfetch.This

is used in an iterative calculation of the
roughnessof thewatersurface.

Dynamicroughness The aerodynamicroughnessof the surface.
It is variableover waterdependingon fetch
andwind speed.

Frictionvelocity Thesurfacefriction velocityuG .
Terraininclination Inclination of the terrain in the directionof

theunperturbedmeanwind.
Speed Thelengthof themeanwind vector.
Velocitycomponents Componentsin the coordinatesystemde-

fined with x-axis in the directionof the un-
perturbedwind, y in theotherhorizontaldi-
rectionandz thevertical.

Derivatives∂U � ∂x, ∂U � ∂y, etc. Variousshears.
Wind tilt angle Tilt angleof themeanwind flow.

Theupperfour arenot dependentonheight,theloweronesare.
As soonasthe userselectsan otherwind in the ‘Winds’ panel,e.g.‘330� 19.8m/s’,

thewindowswill show thequantitiespertainingto thenew wind, asseenin figure9.
An alternative way of displayingthe wind fields is by a vectorplot asshown in fig-

ure10.Thesmallwhite rectangleat theupperleft of thewindow controlswhich subarea
to display.

By selectinga wind in the‘Winds’ panelanda siteunderthe‘Site’ nodetheprogram
displaysa lot of variablesof interestto loadcalculations(seefigure11.Also, at thepoint

12 Risø–R–1179(EN)



Figure7. GUI with extremewindclimate.

of interesttheterraindistortedextremewind atlascanbedisplayedgiving, for example,
the50-yearstormat thecomplex terrainsite.

Finally, at thepointsof interestvariousaspectsof theturbulencestatisticscanbecalcu-
lated.Thecomplexity of theinput window (figure12) reflectsthewide rangeof second-
orderstatisticsthatcanbecalculatedby theprogram.

Startingfrom theupperleft theuserfirst hasto checka box indicatingwhich standard
codespectrumis preferred,eitherKaimal,Wyngaard,Izumi andCoté(1972),Simiuand
Scanlan(1996)or ESDUInternational(1986).Parametersof thespectraltensorof Mann
(1994)areadjustedto fit eitherof thesespectralmodels(Mann1998).Thetypeof output
canbevariances/turbulenceintensities,onepoint spectra,andcross-spectra.Thespectral
rangeof wavenumbershasto beset,andfor the(two-point)cross-spectratheseparations
in a planeperpendicularto themeanwind H ∆y
 ∆zI hasto bechosen.

Theresultsaredisplayedasshown in figure13.

7 Futur e developments

In this sectionwe list possiblefuturedevelopments.Someof theitemshave got support
from theEFPprojectWAsPEngineering2000.J The windows programis a prototype.This meansthat many featureshave to be

rewritten in order to obtain a robust product,which can be distributed to a large
groupof engineers.Also, theprogramlacksessentialfeaturessuchasa helpmenu.J Wehaveonly obtainedadetailedextremewind climatologyfor Denmark.Wewould
like to investigatethepossibilityof extendingtheclimatologyto Europeor a larger

Risø–R–1179(EN) 13



Figure8. Resultsdisplaywith a winddirectionof 270� .
partof theGlobeby useof the meteorologicalreanalysisdatacoveringthe last50
yearsavailable from NationalCenterfor AtmosphericResearch(NCAR) or else-
where.J We would like to comparethe predictionsof the turbulencemodelwith datafrom
morecomplex terrainin orderto geta betterunderstandingof thelimitationsof the
modeland,ultimately, improvetheturbulencemodel.J A continuationof the high precisionpressuremeasurementsmay oneday leadto
a betterunderstandingof the connectionbetweengeostrophicwinds and surface
winds.J A very powerful sourceof turbulenceis thewake of wind turbines.Whenturbines
aresituatedvery closeto eachotherwake turbulencemaybe the largestsourceof
fatigue.We would like to includewake turbulencemodelsinto theprogram.J An utility programin WAsPcalledOWC (ObservedWind Climate)takesmeasured
wind seriesandcalculatesthe wind climate.We would like to make a similar pro-
gramfor theestimationof theextremewind climatefrom measurements.J The extremewind climatesreportedherehave beencalculatedwith WAsP with a
constantsearoughness.Detailedanalysisof the hurricaneof December3rd, 1999
shows that the varying searoughnessmodeledby WAsP Engineering/LINCOMis
in factvery important(MannandHansen2000).Wewould liketo makeareanalysis
of theclimatologicaltimeserieswith WAsPEngineering.
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Figure9. Resultsdisplaywith a winddirectionof 330� .
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