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c 2| %= A 9> (scale parameter) [m/s]
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n HA
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Vi x W FH [m/s]
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Vi 12 RHlE
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7 Geopotential meter [m]
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Abstract

Wind resource assessment based on wind data derived from a Numerical
Weather Prediction (NWP) model has been carried out in Jeju Island. Of
NWP models, Weather Research and Forecasting (WRF) model was used for
this investigation. Numerical contour map and Land Cover Map which were
made in Korea were used for more accurate analysis.

The meteorological data which is used in WRF model has been chosen as
a Global Forecast System (GFS) file. The 10-min wind data was generated
on the basis of the model dynamics and physics. The wind data predicted by
WRF and WAsP(Wind Atlas Analysis and Application Program) was
compared with the measured data at Pyeongdae and Udo, which is located in
the northeastern part of Jeju Island.

The result showed that the wind characteristics predicted by WRF model
running were in good agreement with the measured wind characteristics.
From this result, it may be possible to assess wind resource using WRF
model whose original purpose is wind power forecasting. Though the
predicted 10-min interval wind data did not match the measurements very
well, the predicted wind characteristics such as annual and monthly mean
wind speed roughly agreed with the real wind characteristics. That is, it may
be well worth to analyze the wind data predicted by running WRF model
when the measured wind data is not available or when a wind farm
developer searches for a potential wind farm site before installing
meteorological mast. It is needed to conduct more feasibility studies like this

for various sites for the reliable result.
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. WRF =24 =

1. WRF 29 78

WRF(Weather Research and Forecasting) 2 &-& =3 & %th7] d (NOAA),
W71 AT FHAE(NCAR), 28]lar 15070 o< w=r 2 sjejdige] gyoz
et WRFE th2 %2 The Advanced Research WRF(ARW)S. 2% &
g AS7HA = AEH I e BEdolth. AAZAA w2 WAL V3dolt), A

i RS FmolM Fkm7bA sjAe] Thsd Tt RER ERET, A8t

- Idealize simulations (e.g. LES, convection, baroclinic waves)
- Parameterization research

+ Data assimilation research

- Forecast research

* Real-time NWP

+ Hurricane research

- Regional climate research

- Coupled—-model applications

- Teaching

Fig.1& EWH A= WPS(WRF Pre-Postprocessing System) 2 2 real-data
simulations& 3l7] 914 Zdo] 4 HolHES s AYZ=adolr

WPS 2] 2 ofefj o 2ot

- AlEH A =l Ao

- terrestrial data ¢ 9 (terrain, landuse, and soil)



Post-Processing & Visualization&-+--2

ARW modelo| A Y& AdxE A4
o8 RoFE 3y HAo|th IDV, VAPOR, NCL 5 thesh z2 1d@lo] 9l&=
g, Zt7t A8 fxo wEl 2ol AY, ALEAFe] HAH o wE AFEH L Qlth $A

o2 Ag5 = WRFDA® OBSGRID+= 71&
FrhMoR gste] wal FaA wede] HA SAFE Zzadolt

A= WRFDA¢®F OBSGRID< AF&3h#] ¥kt

718 EA FAS ASHCIHE

WRF Modeling System Flow Chart

WRF Post-
D::;::frlce Pre-Processing WRF Model Processing &
System Visualization
Vi ~
Alternative e
Ideal Data > oV
Obs Data 2D: Hill, Grav,
Squall Line & Seabreeze
3D: Supercell ; LES ; >
Conventional * Baroclinic Waves ; g Baics
Obs Data Surface Fire and
Tropical Storm
WRFDA Global: heldsuarez - NCL
OBSGRID | ARwpost
— | (GrADS)
WRF I
Terrestrial i RIP4
Data L
UPP
WwPS — REAL P (GrADS /
GEMPAK)
Gridded Data: >
NAM, GFS, MET
RUC, NNRP,
NCEP2, NARR,

ECMWF, etc.

Fig. 1 WRF modeling system flow chart
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2. WRF domain &3

WRF 2d& Z2=383}7] 9ajx 3 HAA = AdAsoF 8 2R o7 WRF domain

o] H At} domain AAEA Fg& He RdS F35+= domaino A A A<l

7@ ge] A= vbg H=x glsfof vk 12]il domain A7l weh

WRF 289 #aAgbe] 2 SehABR AFsA welsolor @ Pitolh

i
|
[
|
i

Fig. 2 WRF-domain setting

Ao 4= Fig. 2004 H5o] & 4709 domainl = A3t} domain 1

rie

= A 1AL 27km=E oto] b A A E Eek= 1620km x 1620km G S 2

At AFEE 23 198km x 189%kmo = A 3% L, w29 2 domain

= A=



47 1km=Z A=} 33AS A8t AFRAE ald7HA e btEs AN ¢ %
2 84km x 60km=z AAst FASGT 7+ 9o sk domaine A7 E
Table 1o YelAT HF ALt = 992 domain 40|t

Table 1 WRF domain

Domain Grid size Domain size
Domain 1 27km 1620km x 1620km
Domain 2 9km 540km x 540km
Domain 3 3km 198km x 189km
Domain 4 1km 84km x 60km

At o 7 7] do] A= nesting ©l2hE WES AlF3kal 9tk nesting
e = domainolA UL AFE megow v @ AAxR
of 43l S Fgsto 2 2 domainolA HEFYE d4S 22 domain

of gt 4 Qu® A=A o F pesting WS o] 4359 domaing 42 T
F

AL e domain

3. dMxIExzr H EXluSAE Yy

WRF oA 72Hoz Agses AFAE7E vk v =822 9 (USGS
. United States Geological Survey)e] Yx¥ 3 31 %=(DEM : Digital Elevation

map) ARE AFst=d, AGARNER FAAGARE AMEE7]dl= AP
Zo] o] F3 Aol vk & AFelM =2 domain 37HA= AAF HA

_1_:,1«
of Bkmolz MEIFYALLANA AT AAARE vgon TEHat)
470 ARE TEEY A FE

P FEALATANA Brlsta = S AAAEE gt

oftt

1km A=A+ % 2 % domain 4 AAE A

Fig. 3& FEX AR YN AFds SH AAAEE HAF Qi) 7
T HA G RYANA AT ARE FE9 vigtEe] g xdHeo] <F Ha



gojd Edo] & ¥ FEANGRAY FuH ARAEE o g3t A NHA

0km 5km 10 km 16 km 20 km 25 km

Fig. 3 Contour map of Jeju island provided by NGII

t + + t i
25km  75km  126km  175km  225km

Fig. 4 Digital elevation map of Jeju island



WRF ZdoM= HE @ s AAAEE dHstA Xetr] wiol, A%

Z 2% (Global mapper)& °©l&3dt] WMEPA] Sud AAALEE HY2H

q

(raster) &2]¢1 DEM(Digital Elecation Map)2. 2 2 A3ttt 4A ¥ DEMS
Fig. 4o YeRSL
Fig. 5& WRF Zdo] 9438 % Fig. 49 AHAASE HF1 Yo} $52 £
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Fig. 5 Altitude in WRF model
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HA G o)A AlFst= DEM A5 9] xpolE HAF
ZFol & HojFa1 Qth Fig. 6014 HolXo] mHla=gxgldolA Al¥ 3= DEM

Fig. 6 Altitude difference between NGII and USGS data

EX¥5E2E(Land cover) Eg USGSOlA 914 ulolHE 7|uto = AlFshal
9lth. Fig. 76l USGSelA A& st EAIEARE YEPHSI Table 29 Fig.
7ol dE Aol diF o s 7]Es itk

Fig. 7oA ®olZo] mAAA(AFA, AFEAN] AHAS L= d5A A9
o2 Hol gt} o= o¥H A AA AFEe A=
fFdol AR ol A dAY AE A vk 2YER 2 AFdAE
AT A BAAYARYAN AFetes EAIEX
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Fig. 7 Land cover of USGS data

Table 2 Description of land cover of USGS data

Color Category no. Description
2 Dryland cropland and pasture
3 Irrigated cropland and pasture
6 Cropland/Woodland mosaic
3 Shrubland
10 Savanna
14 Evergreen needleleaf forest
15 Mixed forest
16 Water Bodies




2000850 & 7R ERa A4E EANEAROY. NF ERE TR
TRE YA W, USGSS] EATEAZ vk HA A4ro]r] mie], EA ol
g A el gea 2 waE

Fig. 8 Land cover map

Table 3 Land cover parameters

Legend Category no. Albedo(%) Zo(m)
A7vE /A EA Y 1 15 1.00
TAA Y 2 19 0.07
A A 15 12 0.80
= A] 9 23 0.05
= A] 17 12 0.04
L A] 23 17 0.03
T = 16 19 0.001

_13_



Table 3v= SAA G RAH| 2= Agsts EXEAEY] HEE vl o=
USGS category®] parameterg< A E3t3th USGS category® x40
Albedo®} roughness length® Albedot ¥ S WHALSIE A =S Fx2 eI A
o]™, roughness lengtht= AWl e wet 24-E A7 =3

TPl E AEF A o] 93 roughness lengthd WS Aeldte] The
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guideline for assigning roughness length value(European Wind Atlas, 1989)!%!
= g Aant oA AFAE roughness lengthys WA 8ol dbx] gfom =z
Ul A el A
A, sEuRSo] gEA T AFEe] long B AFoA e dWroe® WRF &
dof| A ALg %= USGS categoryoll S A EX v E25 S A6t
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2
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v
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4. 7|14 OIo|E{e] =7| & HAIXI=

B oAgelA AREHEE WRF model®l %71 3 AA ¢4¥A5E NCEP
(National Centers for Environmental Prediction)el4 A& 3= GFS(Global
Forecast System) A5 = ©]-&3} %t}

GFS Ame 9 -4% A 117e] 05 x 05°9 #d=s 7HAn &%
U-Component of Wind speed, V-Component of Wind speed, 7<% (Relative
Humidity)oll gt #57F 1,000mbell A4l 10mb7FA] 2670¢] 12 & wit} o] & 7}
A8t A

GFS #Ata+ 85 4¥W(00UTC(Universal Time Coordinated), 06UTC,
12UTC, 18UTC) A2 H AEE NCEPoA #elsts FTP AW z2t5E ¢
2 gto] AFsta gtk & ATl = 1I8UTC ARE 7FHA AL 85 2443 &
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5. WRF E2|2td

WRF Ed& Rdo ffss 27 5 AAXAE vgoR Aded =234

Table 4 Physical process of WRFEF model

Variable Names Schemes
Microphysics WSM6 (WRF Single-Moment 6-class)
Longwave Radiation RRTM scheme (Rapid Radiative Transfer Model)
Shortwave Radiation Dudhia
Planetary Boundary YSU PBL
layer (Yonsei University PBL)
Surface Layer MM5 Monin—-Obukhov scheme
Land Surface 5-layer thermal diffusion

Microphysicsoll /] A% schemes WSM6%Z WSM5 schemeolA 2w
(graupe) } A4S F71H o5 E3H3E schemeo]th. Fig. 9o WSM69] flowchart=
A Y. WSM6+ = Al water vapor, cloud water, cloud ice, graupel, rain,
snowS. = 67HA 9] EEldgow EFH 47t EeRAde MR dTzhg o
J4,7:" ]E-—, o]r/]_[?l]

Longwave radiation®] 4] A 8% scheme= RRTMe¢|t}. RRTM-> MM5 =4
ZHE AEHo]e EEH o =ZMR water vapor, ozone, CO2l <13 HAF =
AR AE A#5E schemeo] th™ shortwave radiationo] A1 A ¥ scheme:
Dudhia® 19899l Dudia®l °]2& 7Ivtew whExl Aoz MMS 29wy F
AF45 schemeolth" Planetary boundary layer:= YSU PBL™=& Aelsg]o

| surface layer:= YSU PBL¥ 37 Al43¥* MM5 Monin-Obukhov'®& A
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B3ttt v 2o 2 Jand surface= IFEHsHAl A AlE 5-layer thermal diffusion

o
o
Pimit -
Cloud water / \ 5| Cloud ice
Pihmf, \ \ Pihtf
R
& ol .
[} ,ao
B Q

= )

- o

o Q2
(o8

zZ| v

B G I 5
G raupe 5 5
7 e < %
3 3, p o com]
@ 9, % %
g Cs pel 3
i z 996 [
5 3 ]
m m
| | -
o o

v

Psmlt, Psemi

|
Rain E ] | Snow
Piacr, Psacr ]

Fig. 9 Flowchart of the microphysics processes in the WSM6 scheme®™"

6. SI=H0] 74

B Ao AHEE = WRF 2929 S8 28 742 Fig. 100 Yetla 9l
T}, Master node 170} Slave node 770= FA=o] dom, t&&d AFFAE
T4 4 A= Storage’t FAH Utk I UPS(HFAA Ades FADE
AAste] A A Ao bdsA Aadls e R FEE T vk Fig.
107 #Zo] 49 22y A2~"e WRF 2d3 22 otk ¥dE

qgaies pAHY Ut WRF 2d9g Sdsr] A A dudes
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PGI complierE A}-&3}%3t}.

T

HUB

Master
Node : 1

Storage

Slave
Nodes: 7

UPS

Fig. 10 Parallel computing cluster

7. WRF output data £x2]|

WRFOIAM “e = 23 g2 AYsA &2 raw data 42 o7 o
o, A7t Zastt adug FE9 Ay gEol Wt dely |42 o

o AHHs HAHS Tl A=sdvh. e A9 gE2 108 (tFom =3

i

dlo

2

ol
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=35t S YEhdSdoh 23 g2 degree(®) #o=E YA 3f
1

ol A 47 desAY Khom 4T F YRS HAT

V., 1

arctan Xﬂ,VL<O,V1 <0
vy & !
Vil 1

arctan| —~ Xﬂ+90,%<0,V1>0
V., 7T y

(2)

Vi) 180

arctan X —4+180,V,>0,V, >0
vy & !
Vil 1

arctan| —= | X 180 +270,V,>0,V, <0
V., T y

3) Geopotential meter™”

Geopotential> A 7-2] 9J=9} olo we} Wilsh= ©o A TS

f
f

Jofl 4
f <=1 of] A
BE A9 z71A 9 FolE HEs|A T3t} Geopotential®] 2] TS 2

(el HERH AT

A ZE A3t Ao|t}. Geopotential> o]H ¢ Eof d|F3E o

ofr
i

U(z) = /ngz (3)

WRF RZdllo] A= o]e} 22 WA o= Geopotentials T&F0] L&

2 9
T
2 >

MEE AgHa gt FEskEE g Sxme wel WEly)



Geopotential meter= 2 (4)ol A YEFH Z 3 o], Geopotentialoll A |- 3

T 52 g, & WA W Geopotential meterE +& 4 St}

Yy : geopotential
go - the standard gravity at mean sea level
Geopotential meter= Hit d|FHES 7]Fo 2 7]|3erHel FolE W3t}
A A o072 Geopotential meter= 7]8}8H4 =olE ou|st= Z o] oyl H]
of| J X] (specific energy)e] @& wstar vl 2t o2 A AHeold Hof
=

UAlEs FAHow vER A HE 71834

4) % BA

WRF Rdo|A 2= 54 =0]2 Eta coordinated]™ F3lo] 245 9%
v G EEVE AEHow WEksty] wol] Aol £t sk 7
ste A wmolzk WA Wl a2y =2 WRFANA U A3 g2 7]|ststd o
Eta coordinateol] A% A &3k Fo|7} oy},
2 AFdAE FE5 2AS 3] #1814 Geopotential meters T4l EE
ANA AEE 71 A EmolE T F, 2 Bl yERH =R A (power

law)®g o] gsle] BA A di kol FHoR HATAL

«

t5))

= Vh(%

V,,  the known wind speed at a reference height h

« . the exponent

off
Ap>
T
o
rlo
s
L
o,
—

0% 217 wlo|ejntut Abstel o,
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5) $Ae Z=ay +d
WRF output data®] 2] #4& A&7 e A2 Z=2ad8s

Attt 2219 Ado]= Fortran 905 AMgstl o, 717 AHeshes 221
H o] AZALE gsae] 4 2aHES T3 A48T
g2

Sxg] 22| i3t flow charte= Fig. 119 YEFH AT 33 2
Ao S0 WRF output dataollx] #2438 X Hde] o3t dolgHE FE3}
T WMAZE WRF R Aol Ak UTC(Universal Time Coordinated)&
7oz 3l7] "ol o] & KST(Korea central Standard Time)= ¥ 7 sk
2y & sttt KSTE UTCHTE OA|7F W& =74 13658 7|07 3t 9t}

I Uee A4 zZRafe] 7MY Fadt FE<9 Wind speed, wind
direction, geopotential meterg 3}, HFTH o2 FHS HAYSTE A
29 WRF7F Rdgo] 29 wnin As4o=m HAstes A4A35h,

"ol wRk sk

Sampling Shifting
WRF output data » at each positions » from UTC to KST

Calculation of wind speed, wind Wind speed
direction, geopotential meter correction

Fig. 11 Flow chart of postprocessor
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BAAHE AFEE FHOE WRF 713548 deld 7103t 714

dolg 7|zke] Mz dA == AdS AAstadnt 2ga A3 A A 714
H Gl

& AR/ ANA gF AFe F AHl AR
ATt Fig. 12¢]

%
N,
o
o
N
fult)
=2
=]
>,
ol
ol
3'.84
ul

Jeju island

Pyeongdae
Met.Mast

Udo Met.Mast

2
o
(i
N,

2
2,
=
ot
HE
1%
N
=
rlo

S 2011. 1. 1 ~ 2011. 12. 31o|t}. o &2 o= 33
o 717 deolHs 89 AMagoew Qe dHely E4do] WA ars
B 714" dolE oA 8¥(81 ~ 831 HlelH = Aleetar AFEE AT EAH

7)) ol WO FE 60mo| T,

_21_



= odeleE $E 1gEd o g

e
rO
-
-3
o)
rlr
N
N
-

=
gtk A7) mde] offe Wl dZel o@ woly mrh: Y i
gl7] WEolth, WRF 2dlol A e A3 g 71& Adn A3 nass) 9
A ARH ATE B A Be] vl ATkl wlaEA s,

D AgAT 74
71E AdE e FEsy] &M = 71EE dolHE ol&stel A

Ve A FASAA ) 7R HolHE ol&ste] &= V1A AA

X
ol
o

2
o

At A3gE AT = WindPRO(WASP solver)E AR&3F o=

_%__
2 B A% WindPRO(WASP solver)E AFg3to] A3 A= #2385
Attt Table 59 ¢19F 22 At&dS Yeh Sl

Table 5 Prediction positions and using data

Prediction Prediction using Met.Mast data of another positions
Position )
Met.Mast Distance
Udo Met.Mast Pyeongdae Met.Mast 10,202m
Pyeongdae Met.Mast Udo Met.Mast 10,202m

WindPRO® 4] A}&% roughness map¥ contour map< WRF R 2o A A}
|H FEAYAREANA Agstes FAAES} A A RA B 2o A AT
sl EXYEARRE vtg oz JE39 . Fig13¥ Fig.l4el vephd 2382
WindPRO®| %83t contour map¥ roughness map®|t. Table 69l
WindPRO® 483 AA7] ZdolE Yetlidtt. o= WRF Edof d=d A
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Fig. 13 Contour map in WindPRO

Bvevazie [l 22 x
[z szxe W == =

B v =
| ERIE I

o

Fig. 14 Roughness map in WindPRO
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Table 6 Using roughness length

Legend Zo(m)
Al7tsh /A EA A 1.00
A 0.07
A A o 0.80
e A] 0.05
= A 0.04
L A 0.03
T 2 0.001

2) WREF EH& o] &3 7o 525 44
WRF ZdolM= & 1dzte] 34, 3F& A58 9 =271 3 47

AR GES dlolH S 7IRke = 24A1%F dl o] 55 she] 5 36509 RS

juit)
ftlo
offt
:(!)lj

TRt 2l oA Y2 WRF output datax= 32 T2
T2 718 A o V)" ARA Y HE BAE 5, TS FE
sttt WRE BdelA HFA oz v doly widW S Fig. 150 HEhY
Ak

2011.03.07 2011.03.09
18(UTC) 18(UTC)
Forecast time Forecast time
24h 24h
eeoeo > >l oo @
2 } ¥ >

Forecast time )
24h

2011.03.08
18(UTC)

Fig. 15 Example of arranged data in time domain
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3.

21y

1) Weibull distribution
7B o F3 A Al 7P Hol AMEEHE 4 7]He Weibull distribution

A AH8ATh Weibull distributione 2 (6)el theb ek

1TH O 71

(V)= E(K)“exp[— (ch)"] (k>0,V>0.c>1) (6

c\ C

WindPRO®| A1 &= Weibull distribution®] 3&tn g kel S AAS k(shape

parameter)?} Z E=A4 c(scale parameter)ES T3l7] & =9l E W (method

of moments)S Abg3e] Farl® muwleEwe o2 dwye) ulE] AALAZ

(computing time)o] A% A3 w =W = -F3ith RUlEH o7 A

A kS AEAS 2 Fate AL A (7), 8), (9] F &g e} 8390

1 n
2
v 1 (&)
m,1 —
ri+1)
1
=g 5 9)

2 (®)ell A A A S Fall AT ke ok, 73 FAAT kE (94
of tigdsted HEAF cE Fetth olFA 73 FAAT k HEA
Weibull distribution®ll
ATH
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2) Wind Rose
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3) Annual Energy Production

rr
ofl
)
2
r
A

AFEP(Annual Energy Production)
= Aom FHEEAGEA Y BALE FHpste M T2 el AEP=
AZF 8760417t A A dlolHE &3 AFE¥ weibull distribution¥}
A7) AZFAA  AFEE Power curveE ZHAa ARRS . =
AEPE= weibull distributiondl] whel Wstsl= A3} FHolm= AEPE F 3
weibull distribution®] @377 2 HI=AlFo Zold o3 HAE & F I
ot 4 (10)*e] AEPE At&3) dstgla, Fig. 169 £ Aol
AEPE 2t&38t7] 98] AFg® GE 900s9] power curveE L Z 2 ERNS]
t}.

=

H

rir
1
ftlo
=5

AEP = Z V)X f(V,)x8,760)  (10)
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Fig. 16 Power curve of GE 900s(GE WIND ENERGY)
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Z|At_Ft|
JOA=1— =1 (15)

355 A+1a,- )

Az ASdolEolal Fii= dSdolgoltt. Biasgkol 4o 5ol hs
7L &9 ASeleE #AHE7ME yEeRdt. MAE (Mean Absolute Error) b
RMSE(Root Mean Square Error)= AZ533 oS3k Alol9 e Agks e
31, MAPE(Mean Absolute Percentage Error)®t IOA(Index of Agreement)+
153k o5 e dAEE Yl Ao 2 MAPE#e] 0%l 7H7h& 5=
gholl 7b7be A& owlstal, I0AFe] 19 775 ASFked 7k
of vl o,

>

1t
A\

N
ftlo
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AbgE dolg e 717k $= 7|AE HeolE = 20110 1.1 ~ 2011. 12. 319]

U

Ao 71 4e dHolEE 89S A19% 2011. 1. 1 ~ 2011. 12. 31o|c}k. Ho 7|4

2 8o AMmFoz <l dolE sl £4HY aYER B AFod e A9
shal Ha 2 BT dlolH e A A VdE 9 2d doly & )
10% 7+A o]t}
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1. J[¥0|Sxt=et AFO0IE{ZI2] SAIX dH|w

Table 7 Statistical results for Pyeongdae and Udo Met.Mast

Height Function Pyeongdae Udo

Bias 0.2483 -0.3575

MAE 1.7854 1.8143

60m MAPE 48.2726 35.7100
RMSE 2.4359 2.4012

IOA 0.7066 0.7128

Bias 0.3796 -0.2766

MAE 1.7780 1.7918

50m MAPE 54.7493 37.6444
RMSE 2.4160 2.3698

IOA 0.7031 0.7132
Bias 0.3567 -0.2648

MAE 1.7299 1.7402
40m MAPE 53.3716 35.0819
RMSE 2.3429 2.2989

I0OA 0.7042 0.7163
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2. Hojg| ERE SEEM Hn

D B 714" Ax A
(1) Weibull distribution, Wind Profile H] 1l 2]

Az goleel W 71483 =% o2 weibull distribution®.® I
3 3le] Fig. 179 YEFASRI AL, Table 8o ZHz} weibull distribution®] &4
Tk, AEAF & ARG A TES o] vkl

Fig. 17& ®¥ WRF o= dole g %= 7| HolHE AR&ste] =43

weibull distribution< 2 Zdlo]H 2] weibull distribution¥} &<F4 o2 H]=

FH =

A0
= =

oftl

12

10

Frequency (%)
(=2}

Fig. 17

ro

wolF: gleit % JstdlolE 497 WRF o3 dolEnt
H wol FAa
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| e oo bhes ,ﬁr -&*@\, ,,,,,,, : ,,,,,,,,,,,,,,,,, 1 S
% : \§\ —=—Met.Mast Pyeongdae
R f@, ------------------ ‘-'\XAS;{-. --------------- - & -WRF(Pyeongdae) [~
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DRty Tg""""i"""""""""""""T" ‘; """"" ‘ B annanenRnn
780 N
- — NSRS S, LSRR RSOOSR
K : L
Y/ N
yoo |
L i
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Wind speed (m/s)

Comparison of the measured and the predicted data of weibull
distribution at Pyeongdae
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100

' ' ' [] 3 '
Wind Profile | o

90 |t — AN 3 S S S—
Met.Mast_Pyeongdae i : "" .’ ;

B0 e T L
=== WRF_Pyeongdae i }.‘ .f H

70 =+ *WAsP(Met.Mast Udo) | ;F 777777777777 fi"'l 777777777777777777777777777

60

Height (m)

Wind Speed (m/s)

Fig. 18 Comparison of the measured and the predicted
data of wind profile at Pyeongdae

Table 84 -2 shape parameter®} scale parameterS 7}% 1 AEPE At

A3 A3Z Table 99 YEFNSIT

Table 9 Comparison of AEP at Pyeongdae

DATA Met.Mast WRF WASP

AEP(MWh) 3200.65 3112.49 3438.88

AEP H3 HiF&ola Bl A3t o] WRF7F 311249MWhe &2 7+
TR e BolFu I o RE % 74kgho] 343888MWhE I th

7}7F Stk &, WREZF AZdolgel] 337 weibull distributions 574
st vk s & F AATh
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(2) Wind Rose H]xl 4]
Fig. 19914 165 %22 #3345 wind roseE YEIHAT. %= 74 HES 9
&3 F4L& A= AFdolE9 wind rose®t HIS23 JEHIE HolFa 9l
2 Aol dElE HolFa v aEy 7 Ad SRt

Egol @ Bve sbsara Anw
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m
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b
rir
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1 gorow
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Fig. 19 Comparison of the measured and the predicted data of
wind rose at Pyeaongdae
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(3) g HAFSE v &4

WindPROOI M = HdFEHS A= AitelA donz A=

__\‘,1_"
o,
a
s
e
149

2 {usse vad & ok 28y WRF R = 102 4oz vo
Bl Z237F ver] wEel dSHelEe d¥E HAETse vy @ F

[e3]
2R

iz P Setoz ddsE dAAH o= H 9k HEgS BT
Atk €W HyrEZEo| 3k MAPE 3 7.25% 2 HolFa i, RMSE %t
L 0.70Im/sE ¥R °oF 0.7Tm/sY xS HolF a1 Q)
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Fig. 20 Comparison of the measured and the prediction data of monthly wind
speed at Pyeongdae
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(1) Weibull distribution, wind profile H]nl 2]

A HolH & 714" o5 dolHE weibull distribution®

e
Fl

& 3te] Fig. 219 e S ar, Table 109] ZHZF weibull distribution®] & A7

Tk, AEAF co dFFTES YERNo Bl s Th

Fig. 21 EYA Fuxde A9 &8 Sgozes Adsty] g5 A%
H 223 FE S zt31 glth Table 10914 YeEhd AP #EE5S B F714
W Eo] dAAom HAaPrt HAT S VIEE AH FEFAHAS WRF

N

o = dlo]H & 81lm/sZ 7HY #AHE7tE A3E BHAFQTh WAs

2
e
ol
o

= 830m/s2 WRF o= Hol¥ Hrup 33 daprh v,
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12 ‘ .
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Fig. 21 Comparison of the measured and the prediction data of weibull
distribution at Udo
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Table. 10 Shape parameter, scale parameter and annual mean wind speed at

Udo
DATA Shape I(JI?;ameter Scale Izil)rameter Avfflir;lljjals géi?jn
Met. Mast 2.16 9.77 865
iy 2.27 9.15 8.11
(Pyornstiac) 2.25 9.39 8.30

Table 100 &

shape parameter®} scale parameterE ©]

43}l Table 11

of 2Z%® AEPE uehlth. WAsPe] 3580.76MWhz A Zu|olHe] =4 3

A3E BoFIH o=

2 245w 9

It ojulol ),

WAsP2| shape parameter®} scale parameter’} 7}

Table. 11 Comparison of AEP at Udo

WRF

WASsP

DATA

Met.Mast

3580.76

AEP(MWh)

3775.11

3437.52

Fig. 225 ®HW 9]¢ Ao 239 & 234&E B
AStolH e wind profile? ®]S=shAl &Ehrbe

WAsP9] wind profile2 2 Zd o] Bt} F3}1HA
A A A skA HT
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Fig. 22 Comparison of the measured and the predicted
data of wind profile at Udo

Table. 12 The power law exponent by each prediction way at Udo

DATA Udo Met.Mast WRF WASP

exponent a 0.109 0.100 0.194

Table 120] YEtH HA+E B WAsPo| ASdoly Hrube HUios

2 zre Jehyz 9 o] = WindPRO®°] ¢4¥ % roughness length7} 2=t
olE o] 2]3F roughness length Rt} Aojd oz & gho] d=HE oA F352A

7] wWolth, ey old§ HEe FAes] el Sl mat

11
I
=]

o

AqAow Bag Wk oy

dolg el FHRT WvE FHoR oFd +
Hl 5 ASdolE el Hl2dk HAFE HojFa AN dAHew FHo]
= B7FE A v ol A
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Fig. 23 Comparison of the measured and the predicted data
of wind rose at Udo
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