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도시지역에서 WRF모델 모의 풍속 보정 방안 개발

양 호 진

부 경 대 학 교 대 학 원 환 경 대 기 과 학 과

요 약

본 연구에서는 도시 지역 내 구조물의 영향을 중규모 모델 WRF모의 풍속에 반영 할 수 있

는 방안으로 건물 부피비를 이용하여 보정 계수를 개발 하였다.대상지역으로 도시지역의 특성을 잘

반영할 수 있는 지역의 관측소 주변지역을 선택하여 WRF모의 풍속과 AWS관측 풍속을 비교하였

다.비교 결과,WRF모의 풍속이 AWS관측 풍속과 비교하여 다소 과대모의 되는 경향을 보였다.

도시지역의 구조물이 풍속 변화에 미치는 영향을 확인하기 위하여,GIS자료를 이용하여 대상지역의

현실적인 상세 지표 경계 입력 자료를 구축하고 16방위의 유입류를 고려한 CFD 수치모의를 실시하

였다.CFD수치모의 결과,주변 건물에 의한 영향으로 유입류에 비해 관측지점에서의 풍속이 감소됨

을 확인 하였다.관측 지점 주변의 건물들이 풍속 변화에 어떤 영향을 미치는지 조사하기 위하여 방

위각과 반경을 고려한 16방위별 풍상측 건물 부피비 산정 알고리즘을 개발하였다.개발된 건물 부피

비 산정 알고리즘을 사용하여 대상지역의 16방위별 건물 부피를 산정하였다.산정된 대상지역의 16방

위별 건물 부피비와 풍속 변화와의 상관관계를 조사한 결과,대상지역에서 음의 상관관계가 나타났으

며,풍상측 건물 부피가 증가할수록 풍속이 감소되고 있음을 확인하였다.건물의 영향을 WRF모의

풍속에 반영시키기기 위하여 CFD수치모의 결과와 건물 부피비를 이용하여 다중회귀분석을 통한 방

위각과 반경별 건물의 영향을 반영한 보정 계수를 산출하였다.대상 지역별로 산출된 보정계수를 이

용하여 WRF모의 풍속을 보정한 결과,실제 관측 풍속에 가깝게 보정됨을 확인할 수 있었다.
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1.Introduction

Over the past severaldecades,increasing urbanization has

inducedpopulationgrowthandincreasedindustrialfacilitiesinurban

areas.52.1% oftheworld'spopulationand83.2% oftheRepublicof

Korea'spopulationliveinurbanareas(UN,2012).Thephenomenonof

airpollution duetohuman activity isconcentrated in theseurban

areas.Indenselypopulatedurbanareas,investigationofairpollutionis

very importantbecauseprolonged exposuretopollutantscan cause

severedamagetohumanbody(choiet.al.,2002).Onalocalscale,

meteorologicalfactorsareveryimportantontheflow anddispersionof

these pollutants. Therefore, forecasting meteorological factors is

necessary.Observationaldata from weatherobservation stations is

idealforinvestigationofmeteorologicalfactors(Leeetal,2003).

Weather observationaldata provides realistic data.However,

Observationaldata has spatiallimitations and itis impossible to

predict the future. To overcome these kinds of problems, the

mesoscalemeteorologicalmodelsareused widely topredictfactors

withoutspatialconstraints.However,mesoscalemeteorologicalmodels

cannot simulate meteorologicalfactors that reflect the impact of

surfaceobstaclesinurbanareas(Otte,2003).

Inurbanarea,buildingsareaveryimportantforcingonflow
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and dispersion.Forthisreason,thereisabig disconnectbetween

observationaldataandsimulatedmeteorologicalfactorsbecauseurban

structures cause obstruction effects such as friction effects and

separation offlow thatdistortresults.To improve the mesoscale

modelsimulationofmeteorologicalfieldsinurbanareas,investigation

abouttheeffectsofbuildingsonthemeteorologicalfieldsisnecessary.

Muchresearchhasbeencarriedouttounderstandtheairflow

anddispersion in urban areas.Experimentalmethodssuch asfield,

windtunnelandwatertankexperimentsareusedtounderstandthe

effectsofobstaclesonflow anddispersion(DePaulandSheih,1985,

1986;NakamuraandOke,1988;Rotach,1995;Meroneyetal.,1996;

Baiketal.,2000;Brownetal.,2000;Ueharaetal.,2000;Liuetal.,

2003;Kim andBaik,2005).Experimentalmethodsproviderealisticflow

characteristicsbyreproducingrealconditions.However,itishardto

repeatexperimentswhichisappliedtovarietyofconditionsbecauseit

needexpensivenature.

Toovercomethesekindsofproblem,numericalexperimentsare

commonlyusedtoapplyvariousphysicalconditionsatalow cost.(Lee

andPark,1994;Sinietal.,1996;BaikandKim,1999;Kim andBaik,

1999,2001;Liu andBarth,2002;Baiketal.,2003;Cheng andHu,

2005).

Mostmeteorologicalmodelshavedifficultiesinfactoringforthe

effectsthatbuildinghaveondataduetotheirlimitationincoordinate
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systemsandresolution.However,ComputationalFluidDynamics(CFD)

modelswhicharecommonlyusedfornumericalexperimentscantake

intoaccountthesebuildingeffectsandprovideaccurateanddetailed

flow anddispersion(Kim andBaik,2005;LeeandKim,2011;Baiket

al.,2003).

In ordertoconsiderbuilding effectson urban areas,detailed

topographydataisneeded.Detailedtopographydatacanbeobtained

byGeographicalInformationSystem(GIS).Manystudieshaverecently

used GIS data to simulate realistic flow and dispersion in urban

areas(LeeandKim,2011;Baiketal.,2009).

Theaim ofthisstudyistoinvestigatetheeffectsofbuildings

onurbanareasanddevelopacorrectioncoefficientforsimulatedwind

speedsbymesoscalemodelInthisstudy,CFD modelsimulatesthe

flow in urban areas using surface boundary inputdata which is

constructedusingGIS data.Theeffectsofbuildingsonwindspeed

areinvestigatedbyusingnumericalsimulationresults.AndCorrection

coefficientisdeveloped using calculated building fraction from GIS

data.Thecorrectioncoefficientisappliedtothesimulatedwindspeed

bymesoscalemodel.Theresultofapplicationisverifiedandanalyzed.
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2.Methodology

2.1.Experimentalsetup

2.1.1.WRFmodel

AS a mesoscale model,Weather Research and Forecasting

(WRF)modelv3,2whichisusedwidelyforpredictionofamesoscale

weatherphenomenaisusedinthisstudy.

Table1showsanexperimentalsetupoftheWRFmodeland

severalphysicalprocesses.ThetimeintegraloftheWRFmodeluses

theRunge-Kutta3rdorder.MicrophysicsisrepresentedwithaWSM

6-classgraupelscheme(HongandLim,2006).Theradiativeprocesses

are presented with the RRTM (Rapid Radiative Transfer Model)

scheme(Mlaweretal.,1997)forlong waveradiation and Dudhia

schemeforashortwaveradiation.Surfacelayerphysicprocessesare

presentedwiththeMonin-Obukhov(Janjic)scheme,andtheUnified

Noah Land-Surface Model(Mitchell,2005)is used forland surface

physics.Planetary boundary layerprocessesarepresentedwith the

Mellor-Yamada Janjic TKE scheme (Janjic, 1994) and the

Kain-FritschEtascheme(KainandFritsch,1993)isusedforcloud
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physicsprocesses.

Fig 1 showsthecomputationaldomain used in WRF model.

WRF domainconsistoffourone-waynestedcomputationaldomains

whichareconsideredwithhorizontalgridintervalsof27,9,3,1km.

Thehorizontalgriddimensionisrespectively179×143,93×147,69

×69,60×48.Thereare27verticallayersintotal.NCEP(National

CentersforEnvironmentalPrediction)FNL(Final)analysisdataisused

asinitialandboundaryconditionsintheWRFsimulation.
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Table1.ExperimentaldescriptionofWRFmodel.

Domain 1 Domain 2 Domain 3 Domain 4

Horizontal grid 
dimension

179 ×143 93 ×147 69 ×69 60 ×49

Vertical layers 27 (eta level)

Horizontal 
grid size (km)

27 9 3 1

Microphysics WSM 6-class graupel scheme

Longwave radiation Rapid Radiative Transfer Model (RRTM)

Shortwave radiation Dudhia scheme

Surface  layer Monin-Obukhov (Janjic) scheme

Boundary layer Mellor-Yamada-JanjicTKE scheme

Cumulus option
Kain-Fritsch 

(new Eta) scheme
none

Initial/boundary
conditions

NCEP final analysis data 
(6-h intervals, 1° × 1° resolution)
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Fig.1.ModeldomaininWRFsimultion.
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2.1.2.CFD model

TheCFD modelusedinthisstudyisthesameastheoneused

by Kim (2007).This modelis based on the Reymolds­averaged

Navier­Stokes equations (RANS).The CFD modelalso employs a

three­dimensional,non­hydrostatic,non­rotating,incompressibleairflow

system thatnegatesthecorioliseffect.Renormalizationgroup(RNG)

k-ε turbulencemodelisusedforturbulenceparametrization(Yakhotetal.,

1992).Thegoverningequationsarenumericallysolvedonastaggered

gridsystem usingafinitevolumemethodandSemi-ImplicitMethod

forPressure-Linked Equation algorithm (Patankar,1980).And wall

boundaryconditionsareimplemented(VersteegandMalalasekera,1995).

Inflow boundary condition,turbulent kinetic energy and its

dissipationratearespecifiedas







cos (1)







sin (2)

  (3)






 


 (4)
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




(5)

Here,,,, and arethewinddirection,frictionvelocity,

roughnesslength(=0.05m),boundarylayerdepth(=1000m)and

vonKarmanconstant(=0.4)respectively.

Fig2showsnumericaldomainusedinCFD model.Domainsize

is 2000 m in x­direction,2000 m in y­direction,and 800 m in

z­direction.Thehorizontalgridintervalis10m andtheverticalgrid

intervalis5m.For16inflow directions,theCFD modelisintegrated

for3600swithtimestepof2s.
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Fig.2.Gridsystem ofCFDmodel.
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2.2.Targetareas

In thisstudy,a2000m × 2000m areawith anobservation

stationinGangnam,Yangcheon,Pyeongtaekwassettotargetareas.

Thetargetareasreflectthecharacteristicsoftheurbanareasvery

well.

Fig 3showsaerialphotographsofthetargetareas.Thered

circle presents the location of AWS observation station.In the

Gangnam, more than 20­storey apartment complexes, high­rise

buildings,residentaland commercialareas are located around the

observation station.In Yangceon,high­rise buildings that include

buildingsover50 floorarelocated around theobservation station.

Also,alargenumberofapartmentcomplexesarelocatedaroundthe

observationstationinPyeongtaek.

Thetargetareasareenough to reflecttheurban effectsby

buildingbecausetherearealotofbuildingsaroundthetargetareas.
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(a)

(b)

(c)

Fig. 3. Aerial photograph around (a) Gangnam AWS, (b)

YangcheonAWS,(c)PyeongtaekAWS.
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2.3.Surfaceboundaryinputdata

In order to reflectthe realistic effects ofurban structures,

detailedtopographyinformationdatafrom GISwasusedasboundary

inputdataforCFD.

Fig4showsgenerationprocessofbuildingandterrainboundary

datafrom GIS.Tomakeabuildingboundaryinputdata,thedatawas

extractedfrom numericalmapsintheform ofASCII.Butduetothe

limitationsofcomputingpowers,theresolutionof buildingboundary

inputdataisreducedby10% bythesamemethodusedbyLeeand

Kim (2011).Terrain boundary inputdata wasmadeby the same

processaswell.TheSurfaceboundaryinputdatausedinnumerical

modelis created by combining building boundary inputdata and

terrainboundaryinputdata

Fig6showssurfaceboundaryinputdataoftargetareas.The

yellow partrepresentthehigh­risebuildingsthatmayinfluencethe

observationdata.
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Fig.4.Generationofsurfacebuilding inputdataandtopography

inputdata.
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Fig.5.Generationofsurfaceinputdata.
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(a)

(b)

(c)

Fig.6.Surfaceinputdataof(a)Gangnam,(b)Yangcheon,(c)

Pyeongtaek.
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3.Resultsanddisscussions

3.1.WRFsimulation

ThesimulatedwindspeedbyWRFmodelwascompared tothe

observationalwindspeed inordertoinvestigatetheaccuracyofWRF

modelsimulation resultin urban areas.The compared period is

selectedfrom April3rdtoApril9thin2008inordertomatchwith

theproductionyearoftheGISdata.Inalloftargetareas,theresult

ofthecomparison appeartobethatthesimulated windspeed by

WRF model tend to overestimate the effect more than the

observationalwindspeed,asshow inFig.7.

The relationship between simulated wind speed was

quantitatively evaluated with the observed wind speed. The

root­mean­squareerror(RMSE)betweenthesimulatedwindspeedand

observed wind speed in Gangnam,Yangcheon,and Pyeongtaek are

3.17, 2.08,and2.80ms-1,respectively.ThisconfirmsthattheWRF

modeldoesnotfullyreflecttheeffectsofbuildingonurbanareas.

Therefore,theeffectsofbuildingintargetareasareinvestigatedby

usingtheCFDmodel.
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(a)

(b)

(c)

Fig.7.ComparisonofsimulatedwindspeedofWRF modeland

observed wind speed at(a)Gangnam,(b)Yangcheon,and (c)

Pyeongtaek.
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3.2.CFD simulation

Inordertoinvestigatetheeffectsofbuilding intargetareas,

numericalsimulation using CDF model wasperformed.Numerical

simulationsarecarriedoutforsixteeninflow directions(N,NNE,NE,

ENE,E,ESE,SE,SSE,S,SSW,SW,WSW,W,WNW,NW,NNW)

Fig.8showsSimulatedwindspeedofCFD modelagainstthe

inflow and inflow at Gangnam AWS, Yangcheon AWS, and

PyeongtaekAWS.Here,thebluecircleisinflow windspeedandthe

redpointsarethesimulatedwindspeedfrom theCFD modelagainst

theinflow ofthe16directions.

InthecaseofGangnam,thewindspeedwasdecreasedinallof

directions.Especiallyinthenortherlyandeasterlydirections.Thisis

duetothelargeamountofhigh­risebuildingsthatarelocatedatthe

northernandeasternpartsofAWS.Whenthewindisblowingfrom

thesouth,thewindspeedatAWSisclosetotheinflow windspeed

becausebuildingsarenon­existentatsouthofGangnam AWS.

InthecaseofYangcheon,thewindspeedisdecreasedexcept

forthewindthatblowsfrom theeastandsouth-eastwhichcontain

veryfew building.Windspeedisespeciallydeceasedinthesouth­west

winddirectionbecausetherearemanysuperhigh­risebuildingsthere.
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InPyeongtaek,thewindspeedisdecreasedforthewindthat

blows from the north and north-east which contain apartment

complex.

Theresultsofsimulatingthe16directionshasshownthatthe

buildingsontheup-windsidecausesthewinddecreaseagainstthe

inflow atobservationpoint.
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(a)

(b)

(c)

Fig.8.SimulatedwindspeedofCFDmodelagainsttheinflow and

inflow at(a)Gangnam AWS,(b)YangcheonAWS,(c)Pyeongtaek

AWS.
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3.3.Buildingvolumefraction

AsresultsofCFDsimulation,thebuildingsontheup-windside

causesthewinddecreaseagainsttheinflow atobservationpoint.

Inordertofullyanalyzetheeffectsofbuildingontheup-wind

side,thebuildingvolumefraction,whichconsidersazimuthandradius

from theobservationpoint,wasevaluatedforcorrelationwithchange

ofwindspeedatallofthetargetareas.

Fig.9showsAlgorithm ofbuildingvolumefractioncalculation.

Here,θ isazimuthandRisradius.Inordertoanalyzethecorrelation

between building volumeandchangeofwindspeed,azimuth and

radiuswasset,asshowninTable2.

Fig.10,11,12showsCorrelationAnalysisofwindspeedand

building volume fraction atGangnam,Yangcheon,and Pyungtaek,

respectively.Thebuildingvolumefractionhasanegativecorrelation

coefficientfrom -0.6to-0.8asthechangeofwindspeed.Thismeans

windspeedisreducedwithincreasingbuildingvolumefraction.This

confirms thatthe building ofup-wind side causes a wind-speed

decrease.
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Fig.9.Algorithm ofbuildingvolumefractioncalculation.

Table2.ThebuildingvolumefractionwithconsiderationforRand.

R(m)
θ (°)

400 500 600 700

22.5 F1 F2 F3 F4

33.75 F5 F6 F7 F8

45 F9 F10 F11 F12
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400m 500m 600m 700m

22.5°

R=-0.6572 R=-0.8186 R=-0.8056 R=-0.8216

R=-0.7026 R=-0.8326 R=-0.8407 R=-0.8455

R=-0.6772 R=-0.8122 R=-0.8320 R=-0.8381

33.75

°

45°

Fig.10.CorrelationAnalysisofwindspeedandbuildingvolume

fractionatGangnam.
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400m 500m 600m 700m

22.5°

R=-0.7000 R=-0.6744 R=-0.7333 R=-0.7942

R=-0.7468 R=-0.7078 R=-0.7547 R=-0.7962

R=-0.7305 R=-0.7077 R=-0.7592 R=-0.8140

33.75

°

45°

Fig.11.CorrelationAnalysisofwindspeedandbuildingvolume

fractionatYangcheon.
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400m 500m 600m 700m

22.5°

R=-0.7610 R=-0.7903 R=-0.7797 R=-0.6437

R=-0.8309 R=-0.8530 R=-0.8326 R=-0.7522

R=-0.8307 R=-0.8241 R=-0.7962 R=-0.7148

33.75

°

45°

Fig.,12.CorrelationAnalysisofwindspeedandbuildingvolume

fractionatPyeongtaek.
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3.4.Multipleregressionanalysis

Analysisofthecorrelationbetweenbuildingvolumefractionand

wind speed decreases confirms thatthe presence ofup­wind side

buildingsplaysalargeroleinwind-speeddecreases.Also,increasing

the building volume fraction on the up­wind side intensifies the

decreaseofwindspeedatobservationpoints.Therefore,thecoefficient

thatcanbeusedtocorrectthesimulatedwindspeedbyWRFmodel

was developed using wind speed reduction with building volume

fractionincreasing.

Correctionequationusingdevelopedcoefficientisaseq.(7)

∙ (7)

Here,WS iscorrectedwindspeed, iscorrectioncoefficient,

WRFissimulatedwindspeedbyWRFmodel

Tocalculatethecorrectioncoefficientthatconsiderthefactorsas

show in Table2, Multipleregression analysiswasused.Multiple

regressionanalysisequationforcalculationofcorrectioncoefficientis

aseq.(8)
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  
 



 (8)

Here, iscorrectioncoefficient,bisconstant, isregression

constantofeach independentvariable,and  is building volume

fraction.

Thecalculatedcorrectioncoefficientofthe16inflow directionsis

showninTable3.
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Table3.Correctioncoefficientsof16winddirectionsatTargetareas.

Areas Gangnam Yangcheon Pyeongtaek

N 0.4170 0.5179 0.1652 

NNE 0.4744 0.5519 0.4886 

NE 0.6544 0.6662 0.3396 

ENE 0.5410 0.6319 0.4987 

E 0.3109 0.9451 0.7138 

ESE 0.2477 0.9570 0.6551 

SE 0.5513 0.6856 0.9598 

SSE 1.0044 0.9039 1.1978 

S 1.0295 0.6321 1.0872 

SSW 0.8039 0.7319 0.9703 

SW 0.7692 0.1004 0.6773 

WSW 0.5927 0.1500 0.4315 

W 0.5767 0.3840 0.9720 

WNW 0.4309 0.4762 1.0791 

NW 0.1958 0.5947 0.7089 

NNW 0.3597 0.6342 0.7247 
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3.5.Validation

Simulatedwindspeedsfrom April3rdtoApril9th2008was

correctedbycorrectioncoefficientsattargetareas.

Fig.13showsthewinddirectionofWFR simulationduringthe

experimentperiod and theresultsofthewind speed correction at

Gangnam areas.Overestimating thewindspeedofWRF simulation

was corrected using a correctcoefficient.As a result,mostof

overestimatedwindspeedwasclosetoobservedwindspeed.These

resultsareanalyzedbyRMSE.TheresultsoftheRMSEshowedthat

differencebetweenthesimulatedwindspeedandobservedwindspeed

is3.17ms-1.TheRMSEcorrecteddifferencebetweenthewind-speed

andobservedwindspeedis1.53ms-1.Correctedwindspeediscloser

than

TheYangcheon andPyeongtaek areasareanalyzedusing the

same methods.The results are shown in Fig.14 and Fig.15,

respectively.In the case ofYangcheon and Pyungtaek areas,the

RMSEbetweenthesimulatedwindspeedandobservedwindspeedis

2.08ms-1 and2.80ms-1,respectively.RMSE between thecorrected

wind speed and observed wind speed is1.32ms-1 and 1.75ms-1,

respectively.Thecorrectedwindspeediscloserthanthesimulated

windinmatchingtheobservedwind-speedinalloftargetareas.

Asaresult,WRFsimulationwindspeedisclosetotheobserved

windbyusingthecorrectioncoefficientusingbuildingvolumefraction.
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(a)

(b)

Fig.13.(a)simulated wind direction ofWRF modeland (b)

comparisonofsimulatedwindspeedofWRFmodel,observedwind

speed,andcorrectedwindspeedatGangnam.
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(a)

(b)

Fig.14.(a)simulated wind direction ofWRF modeland (b)

comparisonofsimulatedwindspeedofWRFmodel,observedwind

speed,andcorrectedwindspeedatYangcheon.
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(a)

(b)

Fig.15.(a)simulated wind direction ofWRF modeland (b)

comparisonofsimulatedwindspeedofWRFmodel,observedwind

speed,andcorrectedwindspeedatPyungtaek.
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4.Summaryandconclusions

Inthisstudy,forcorrectionofsimulatedwindspeedbyWRF

model,correctioncoefficientthatcanbereflecttheeffectsofbuildings

inurbanareasisdevelopedusingbuildingvolumefraction.

SimulatedwindspeedbyWRFmodelandobservedwind-speed

are compared by observation stations in target areas(Gangnam,

Yangcheon,and Pyeongtaek)thatreflectthe characteristics ofthe

urbanareas.Theresultofthecomparisonshowsthatthesimulated

wind-speedby WRF modeltendtooverestimatestheresultsmore

thanobservationalwindspeed.

Inordertodeterminetheeffectsofstructuresinurbanareason

changeofwindspeed,surfaceboundaryinputdatathatreflectthe

realisticterrainiscreatedusingGIS data.AndNumericalsimulation

thatconsiderthe16caseofinflow directionsiscarriedoutusingCFD

model.TheresultoftheCFDsimulationshowsthatthewindspeedat

observation pointis decreased by fictionaleffects ofsurrounding

buildings

Inordertoinvestigatetheeffectsofbuildingonchangeofwind

speed,algorithm thatcalculatethebuildingvolumefractiononup­wind

sideisdeveloped.Buildingvolumefractionwhichisclassifiedto16

caseofinflow directionsiscalculatedusingadevelopedalgorithm.



- 35 -

Correlationbetweenbuildingvolumefractionandwindspeedis

investigatedattargetareas.Asaresult,Correlationbetweenbuilding

volume fraction and wind speed appears thatnegative correlation

coefficientfrom -0.6to-0.8

In ordertoproductthecorrected windspeed thatreflectthe

buildingeffectsinurbanareas,correctioncoefficientiscalculatedby

multipleregression analysisusing a resultofCFD simulation and

buildingvolumefraction.

SimulatedwindspeedbyWRFmodelwascorrectedbytheeach

correctioncoefficientsoftargetareas.Asaresult,WRF simulation

windspeedisclosetotheobservedwindbythecorrectioncoefficient.

Developedmethodusingcorrectioncoefficientcanbeimprovethe

errorofWRF simulation wind speed by frictionaleffects ofthe

building.WRF userscanbeproducethemoreaccuratewindspeed

informationinurbanareaswithoutCFD modelsimulation through

constructionofwindspeedcorrectioncoefficientdatabaseformajor

urbanareas.Also,developedmethodcanbeprovidethebaseofurban

parameterization

Finally,inthisstudy, thecorrectofthesimulatedwindspeed

iscarriedoutusingbuildingvolumefraction.Butcorrectionofwind

speedandanalyzeusingvariousfactorarenecessary.Also,followup

study forimprovementofcorrectofthesimulated wind speed is

needed.
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