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ABSTRACT Two types of wind resource maps for Korea were developed. The first wind resource map was a TMY (Typical
Meteorological Year) wind resource map based on the WRF (Weather Research and Forecasting) model using the NCEP FNL for the
TMY period from 1998 to 2009. The second wind resource map was a KLAPS (Korea Local Analysis and Prediction System) wind
resource map based on the WRF model using the high resolution KLAPS reanalysis data of a continuous period from 2010 to 2013. A
comparative verification was carried out using the observation data of the ASOS sites. The KLAPS wind resource map was improved
by 17.9% (0.24 m s”', mean bias) and 10.6% (0.24 m s, mean RMSE) compared to the TMY wind resource map. The wind speed
verification at an 80 m height of the KLAPS wind resource map was conducted for the Gochang site (onshore) and HeMOSU-1 site
(offshore). As a result, the bias was 0.5 m s and-0.2m s, and the RMSE was 2.1 ms™ and 2.0 ms™, respectively. The wind speed of
the KLAPS wind resource map was strong in winter (onshore) and spring (offshore), and weak in summer. Moreover the wind speed
during the daytime was stronger than that at night. The wind resource map depicted the average wind speed, maximum wind speed,
prevailing wind direction, frequency of 3 ~ 25 m s™ wind speed, and Weibull distribution in major wind farms for the development of
wind energy.

Key words Wind resource map(&3 7| A ALY A] I2), Typical meteorological year(Tl 3 7] AFd &), Korea local analysis prediction
system(Z 7] o] 2 & &), Automated synoptic observing system(Z A5 7| A =4HH])
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Table 1. Typical meteorological year (TMY) from 1998 to 2009 in Korea

Mon, Jan, Feb, Mar, Apr, May

Jun, Jul, Aug. Sep. Oct, Nov, Dec.

Year of TMM” | 2008 2006 2004 2004 2005

2003 2005 2004 2006 2005 2005 2002

™M Typical Meteorological Month
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Table 2, Configuration of wind mapping methods

Wind resource map T™MY KLAPS
NWP model WRF (Ver, 3.1.1) | WRF (Ver, 3.4.1)
Simulation period | TMY (1998 ~ 2009) 2010 ~ 2013
Initial -boundary NCEP FNL KLAPS
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Domainl (27 km)
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D inl (1 km,
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Domain4 (1 km)
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vertical layers
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Land—use data MOLIT (1 s) MODIS (30 s)
Topography data SRTM (3 s) USGS (30 s)
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Data Assimilat
ata Assmation observation (Grid nudging)
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Fig. 1. Model domains for (a) TMY wind resource map, and (b) KLAPS wind resource map
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Table 3. Annual, seasonal, daytime, and nighttime mean wind speed of onshore (land) and offshore (sea) areas at each height

(unit : ms )

Altitude Annual Spring Summer Autumn Winter Daytime Nighttime

(m, AGL) Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea Land Sea
10 3.7 5.8 41 5.7 3.5 4.6 3.4 6.0 3.7 7.0 4.2 5.8 3.1 5.8
50 4.4 6.7 4.9 6.9 41 5.8 41 6.6 4.6 7.6 4.7 6.7 4.2 6.7
80 4.9 7.0 5.4 7.3 4.6 6.2 4.6 6.8 5.0 7.8 5.0 7.0 4.7 7.0
100 5.1 7.2 5.6 7.5 4.8 6.4 4.8 6.9 5.3 7.8 5.2 7.1 5.0 7.2
120 5.3 7.3 5.9 7.7 5.0 6.6 5.0 7.0 5.5 7.9 5.4 7.2 5.3 7.3
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Fig. 12. Mean wind speed at 10 [top], 80 [middle], 120 m [bottom] height during daytime [left] and nighttime [right] obtained
from KLAPS wind resource map
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class)E JLE519 21 (Table 5), class 70]H FHA}LU0| S ARk, 5 7] Aol S Bste] Ak $9]
S S5 olass 10]8 Eeislo] 7y o} ey PHRAES] HES ASOS USARE olgSte] ]
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o] ZeubATi|o] vl 53-8 AhH T BE T2/} class AFAA| o] Blste] Al d o] YAtE S ARESI] ASOS
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3H‘.ﬂ=_]'—1_’£71’ o *T'/toﬂ o ;(]61— “Eﬂ‘?:_";ﬁ%x]EJ *‘Eﬂx]—%_ Table 5. Classification of wind energy at 80 mi2!
o] ZRFL AL oF 2= 9} Y FELL 26.3~33.5m s Wind class at 80 m Criteria
2 FEuAr]o] FE4Ee] 25m s ool n e Fejua ek RARLAL
29) Folle e &5 ol4pe) vjtel chat muElo) B Tum 2=V i me
= - o = Class 3 6.9 <V<{7.5ms
23 7;195 G E]’ /?:]'H 1O7H J'Eﬂ‘flnl‘%j?_l—xlg—ﬂ 3 Class 4 75<V(81 ms !
T2 AFA Lot} =33 vl g2 A 24~44%0| 02 £ Class 5 81<V<(86ms"
Fapo) ulgo] AAzk 374 o)A WAIERE AL o 4 e, Class 6 8.6 <V(9.4ms’
A 717k gt F4:0] EZZA] Weibull PDF2] shape Class 7 9.4ms" <V
Table 4. Wind data at 80 m height estimated by KLAPS wind resource map for top 10 wind farms
. Tae RS Yeong | Yeong | Chang pas Yang Gang Ha Gyeong
b (2 baek bong deok yang Juk gwal Yang won jang ju
san lyeong
Altitude (m) 1022 1239 153 725 1132 832 924 1094 1199 537
Mean WS (ms ) 8.7 8.5 8.5 8.5 8.4 8.4 8.1 8.1 8.0 7.8
Maximum WS (ms™) 33.5 30.4 26.3 26.6 31.6 32.2 29.8 31.3 27.7 27.9
Prevailing WD" W W W W W W W WSW W WNW
Frequency (Prev, WD", %) 44 24 31 34 26 36 34 33 42 25
Frequency (3 ~ 25 ms™, %) 80 84 91 88 81 81 80 82 89 91
Weibull” shape parameter 1,498 1,629 2.120 2.045 1,563 1,566 1,476 1,567 1,994 2,223
Weibull scale parameter (ms )| 9,500 9.399 9.567 9.501 9,278 9,233 8,909 | 8948 | 8980 8.910
Wind class class 6 | class 5 | class & | class 6 | class 5 | class & | class 5 | class 5 | class 4 | class 4

Prevailing WD" : Wind classes were defined by for 16 direction sectors (N, NNE, NE, ENE, E, ESE, SE, SSE, S, SSW, SW, WSW, W,

WNW, NW, NNW)

Weibull? : Weibull probability density function
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