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Abstract: In this paper, we compare and verify the prediction accuracy and feasibility for wind resources on
a wind farm wusing the Weather Research and Forecasting (WRF) model, which is a numerical
weather-prediction model. This model is not only able to simulate local weather phenomena, but also does
not require automatic weather station (AWS), satellite, or meteorological mast data. To verify the feasibility
of WRF to predict the wind resources required from a wind farm pre-feasibility study, we compare and
verify measured wind data and the results predicted by WAsP. To do this, we use the Pyeongdae and Udo
sites, which are located on the northeastern part of Jeju island. Together with the measured data, we use the
results of annual and monthly mean wind speed, the Weibull distribution, the annual energy production
(AEP), and a wind rose. The WRF results are shown to have a higher accuracy than the WASsP results. We
therefore confirmed that WRF wind resources can be used in wind farm pre-feasibility studies.
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Table 1 Coordinate system and location of Pyeong-
dae and Udo meteorological mast

Site Coordinate Location
system
300119.97 E
Pyeongdae | 1\t wGssa | 3712363.90 N
Ud 52zone 310004.08 E
0 3710612.09 N

Met.Mast #1
(Pyeongdae)

300119.97 E Met.Mast #2
3712363.90 N (Udo)

Jeju island

310004.08 E
3710612.09 N

Fig. 1 The position of Pyeongdae and Udo site
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Table 2 Simulation condition of WRF model

Variable Physics scheme

Microphysics . WSM6
(WRF Single-Moment 6-class)

Longwave RRTM scheme (Rapid

Radiation Radiative Transfer Model)

Shortwave .

Radiation Dudhia

Planetary YSU PBL
Boundary layer (Yonsei University PBL)
Surface Layer MMS5 Monin-Obukhov scheme
Land Surface S-layer thermal diffusion

3
Domain no.

Grid size Domain size

1

27km 1620km % 1620km

9km 540km x 540km

3km 198km x 189km

2
3
4

1km 84km x 60km

Fig. 2 Configuration of analysis domain
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Table 3 Descriptive statistics for measured wind
data and predicted wind data of WRF

and WASsP
Site Pyeongdae Udo
Measured mean
wind speed [m/s] 7.38 8.46
Predicted mean
wind speed(WRF)[m/s] .67 8.16
Predicted mean
wind speed(WAsP)[m/s] 7.91 7.79
WRF 0.29 -0.30
Bias [m/s]
WASsP 0.53 -0.67
Measured | MAE[m/s] 1.86 1.81
data vs.
WRF RMSE[m/s] 2.51 2.38
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Table 4 Weibull parameters of measured wind data
and predicted wind data of WRF and WASsP

Weibull Site
Type "

paramelers | pyeongdae Udo
Measured K 2.084 2.229
data C 8.33 9.56
K 2.170 2.178

RF
W C 8.66 9.21
K 2.193 2.150

AsP
WAs C 8.93 8.80

Table 5 RMSE and Kolmogorov-Simirnov test

7pzke] e S5l ueh A% efol el results(Max-error in cdf)

T o] EFEEE Table 4%} Fig. 3o el Wobill dembo
Wtk WRF Edo] & o5 ofo]BREV} Site Analysis RI\ZIS]; lst;[ ution

y - N ax-error
WAsPOll 2]3] o] =% sfo]BEzd] uls) o] e model in pdf in cdf
AHEE UEdY BiAelEE 58 WAsP R 0.0033 0.0335
* WRF ZEle] Shel SEEE °F Tm/s T Pyeonede [y xp | 00054 | 0.0572
=S AVEF ZEAF go o Jﬂ_%}‘_ i =
;; e B ]ﬂ i lj : EJ:; JJ;" ] d]] = w WRF 0.0028 0.0060
al, 7m/s ©|% HEHE 2 S = 0

BN ° e Lo WASP | 0.0312 0.0676
545 HdY wgE fEACIEE 5%

12 12 -

10 G 5 10 i - :

& \\ —Pyeongdae Met.Mast .5 Udo Met.Mast
38 ,{7 N - - WRF(Pyeongdae) <8 ,/ B \ - - WRF(Udo)
%“ ;{/ "\\, — - WAsP(Udo Met.Mast) sf* /'{I/ '\\_\ — - WAsP(Pyeongdae Met.Mast)
= / N E 6 b N
E K & E n N
St Q Eal 1 RN
/7 N 7 N
2 \\'\ ! 2 \‘\\ N
0 - 0 ST E—— |
0 5 10 15 20 25 0 5 10 15 20 25
Wind speed (m/s) Wind speed (m/s)

Fig. 3 Comparison of Weibull distributions (left: Pyeongdae, right: Udo)
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Table 6 AEP(Annual energy production) error of
wind turbines by using Weibull parameters
of measured wind data and predicted wind
data from WAsP and WRF at Pyeongdae
and Udo site

Hub Site

Wind turbines | Hight
[m] | WRF | WASP | WRF | WAsP

Pyeongdae Udo

Alstom
ECO 70 792 | 13.72 | 5.21 | 12.98
80/2000
Vestas
AEP V90-3.0 | 80 7.78 | 13.50 | 5.17 | 12.93
MW
Error
[%] Doosan
WinDS | 80 7.88 | 13.50 | 5.05 | 12.75
3000

M 100 | 7.39 | 12.40 | 4.54 | 11.55
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