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Study on the Accuracy Improvement of Wind Power Resource
Prediction in Northeast Jeju Region Using Remote Sensing Technology
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Abstract

The assessment of wind resources must be carried out to choose wind farm sites adequately. Additionally, input data on
surface roughness maps and topographic maps are required to evaluate wind resources, where input data accuracy determines
the accuracy of their overall analysis. To estimate this accuracy, we used met-mast data in Jeju and produced the ground
roughness value for the Jeju region. To determine these values, an unsupervised classification method using SPOT-5 images
was carried out for image classification. The wind resources of the northeastern part of Jeju were predicted, and the ground
roughness map of the region was calculated by the WindPRO software. The wind speed of the Pyeongdae region of Jeju from
the ground roughness map was calculated using WindPRO as 8.51 m/s. The wind speed calculated using the remote sensing
technology presented in this study was 8.69 m/s. To assess the accuracy of the measured WindPro and the remote sensing
technology values, we compared these results to the observed values in the Pyeongdae region using met-mast. This
comparison shows that remote sensing data are more accurate than the WindPro data. We also found that the ground
roughness map calculated in this study is useful for generating an accurate wind resource map of Jeju Island.

Key words : Land cover classification, SPOT-5, Surface roughness, Vector map, Wind resource map, Unsupervised classification,
Topographic map, Wind resources
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Fig. 1. Met-mast location around Jeju Island(White circles are
met-mast locations).
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(Wind, 2008). EX| 1] 2= & 0] 8-5}=H"H-2 Moon et
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Fig. 2. Speccification of met-mast.
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Fig. 3. Speccification of Handong met-mast. Fig. 4. Anemometric mast location(Handong, Pyeongdae, Udo).

Table 1. Met-mast location

Name Location
Handong-ri 33°32'26.0459" N 126° 50'9.8711" E
Pyeongdae-ri 33°31'55.7335" N 126° 50' 52.1728" E
Udo 33°30'144"E 126°57'34.8" E
Haengwon-ri 33°33'36"N 126° 48' 54.36" E
Jongdal-ri 33°30'21"N 126°52'40.48" E
Sinnyang-ri 33°25'43.48" N 126° 55'40.48" E
Sinsan 33°23'9"N 126° 53' 15.36" E
Seongeup 33°25'1.48"N 126°49'4.48" E
Sumang 33°20'36.18" N 126°41'52.48" E
Gangjong 33°14'332"N 126°29'34.7"E
Daechenon 33°15'53"N 126°28'45.3"E
Daeyooland Shorting 33°16'42"N 126°23'51.36" E
Uboreum 33°16'28.48" N 126°24' 6.36" E
Deajeong aerodrome 33° 12" 18" N 126°15'49.12" E
ligwa-ri 33°14'12"N 126° 13'48" E
Daejeong industrial complex of rural areas 33°15'34.12"N 126° 13'46.48" E
Murung 33°15'4536" N 126° 10' 53.24" E
Gwangpyeong 33°19'38.24"N 126°21'7.48" E
Kohsan 33°18'3"N 126° 11'8.24" E
Yongdang 33°20'15"N 126° 09' 58.48" E
Geomdeung 33°21'46.12"N 126° 11' 15.36" E
Nameup 33°23'13.48"N 126°22'34.48" E
Wolpyeong 33°22'50.24"N 126°13'2.24"E

Hanseok-ri

33°25'46" N

126°15' 58" E
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Table 2. Met-mast description

Name Anemo-meter Height(m) Anemo-scope Height(m) Measurement duration
Handong-ri 60, 58, 50, 40, 30 60, 40 2010.12.20.~2012.11.30.
Pyeongdae-ri 60, 58, 50, 40, 30 60, 40 2010.2.6.~2011.7.3
Udo 60, 58, 50, 40, 30 60, 40 2010.4.30.~2011.7.3
Haengwon-ri 60, 58, 50, 40, 30 60, 40 2002.1.10.~2009.7.23
Jongdal-ri 45,30, 15 45 2002.3.19.~2004.3.12
Sinsan 30, 15 30 1999.3.11.~1999.12.30
Seongeup 45,30, 15 45 2001.6.1~2003.5.31
Sumang 60, 58, 50, 40, 30 45 2005.6.17.~2009.6.28
Gangjong 45,30, 15 45 2010.5.1~2011.4.30
Daechenon 45,30, 15 45 2010.5.2~2011.5.1
Daeyooland Shorting 30, 15 30 1998.1.2.~1998.6.25
Uboreum 45,30, 15 45 1999.8.31.~1999.12.30
Deajeong aerodrome 30, 15 30 1999.7.15.~1999.12.30
Iligwa-ri 45,30, 15 45 1998.5.31.~1999.12.30
Daejeong industrial complex 45, 30, 15 45 2010.5.1~2011.4.30
Murung 30, 15 30 1999.8.1~2000.7.31
Gwangpyeong 30, 15 30 1999.7.15.~1999.12.30
Kohsan 30, 15 30 2001.11.13.~2002.2.27
Yongdang 45,30, 15 45 2002.3.20.~2004.5.16
Geomdeung 45,30, 15 45 2001.8.15~2002.8.15
Nameup 30, 15 30 1999.7.15.~1999.12.31
Wolpyeong 30, 15 30 2002.5.1~2003.4.30
Hanseok-ri 60, 58, 50, 40, 30 45 2005.3.1.~2009.7.23
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Fig. 5. Wind shear depending on surface roughness length.
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Wind Shear (Log Law)
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Fig. 7. Wind shear (power law).

Table 3. Calculated roughness length

Land cover type Range Mean Value
Ocean 0.00115~0.0208 0.012717
Agriculture & grassland ~ 0.2781~0.5434 0.43495
Forest 0.4146~1.2309 0.853067
Farming villige & 0.4706~0.8677  0.66915

vinyl house

Table 4. WaSP manual’s roughness length

Land cover type Roughness length

Water area 0.0002
Mi
ixed water and land area or very 0.0024
smooth land
Villages, small town, Forest 0.4

Table 4= WaSP manual(Nielsen, 2010)o}| 4] A|-&3}
L W zrEZo]olck A|FA]22] met-mast AFE9F H]

L2 s, o ALRle] A AN ghol 1 gt
o] 2tx)0] 49 vl Zat Uit

Table 5. Wind energy’s power law exponent.

Land cover type Power law exponent

Water area 0.1

Mixed water and land area or

0.14
very smooth land

Villages, small town, Forest 0.25
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Table 6. Calculated power law exponent

Land cover type Range Mean Value
Ocean 0.1046~0.1308 0.1206
Agriculture & grassland ~ 0.2312~0.2737 0.25535
Forest 0.2488~0.353 0.307033

Farming villige &

. 0.2633~0.3141 0.2887
vinyl house

Table 5= 253t Yol A Al5-5h= HA|4=0] 4,
Table 62 & AGLA] A4k Zro|oth AWz EZo] ¥|w
2} -SAHA AlFA) S 2] met-mast A& 2} H] 1L S ] 3
&, vk, AF 9 A9 ALEgho] S| Uk o, A4
o] 7% vls=jt A7 F Uitk

3.2. Remote Sensing 7|&2 0|25 Gt £2
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Fig. 8. Filtered image about village and farms.
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Table 7. Cluster distance values
Cluster 1 2 3 4 5 6 7 8 9
1 0 144.98 284.06 127.17 311.17 167.13 123.56 138.28 148.67
2 144.98 0 229.97 46.79 364.34 192.91 90.55 72.09 37.34
3 284.06 229.97 0 216.05 345.37 231.09 206.18 235.69 243.14
4 127.17 46.79 216.05 0 317.57 146.19 44.04 35.57 38.99
5 311.17 364.34 345.37 317.57 0 171.54 273.99 301.39 344.43
6 167.13 192.91 231.09 146.19 171.54 0 102.47 133.23 175.11
7 123.56 90.55 206.18 44.04 273.99 102.47 0 44.67 77.58
8 138.28 72.09 235.69 35.57 301.39 133.23 44.67 0 43.39
9 148.67 37.34 243.14 38.99 344.43 175.11 77.58 43.39 0
Table 8. Cluster mean values
Cluster Band 1 Band 2 Band 3
1 33 28.01 175
2 30.94 41.71 30.68
3 255 0 0
4 58.35 68.78 57.24
5 2459 244.19 244.08
- 6 147.65 145.56 143.85
e oo 7 88.26 88.74 82.67
| 8 5224 103.63 60.84
Fig. 11. Image classification map. 9 27.65 78.61 3531
323 2% 2t 3 XUXES A3t EXlO=s Table 9. Cluster variance values
Table 7.8 97} 2410] E712|2 thekd Aok,
Table 83} Table 9":97}] ;L;gg] ui= Y 7k BA Cluster  Band 1 Band 2 Band 3 # of Pixels
e
q—E}L]—L == EOJ]TJ_ ‘—4' 3 0.23 0.31 0.48 1962
97H :'L;‘g - E;H AFE ‘L‘- LLZPX] 4 E‘?}M 4 77.3 51.73 37.69 17450
Ko et al.(2012)2] A=A o] F-4+5 F5 279} Quan 5 2094 389.94  405.07 1242
(2009) 8] A=A o 5 AE v = TSI 6 6339 54044 61938 2278
T} AFE] 7)o o] B0 wlo] 7FalA LreR = 2| 1) 2% 7 18028 15259  144.11 10211
2 B H0] 75 el HE S Eslslal g o] 8 108.73 30.77 64.57 2296
SPOT-59] &JAL0] Z7] AT o] 2 013 21 0 2 Thck 9 7.64 114.32 21.76 2651
I}, Et 5242 0] FE-S Table 63} o] Az 2]
9. 22j0} s 110] Zholie 2 210171 ek, o] 33, YN ESXEE 0|83 XHACX|TMN
2 AtolaE A SRR 2 2 AiE T8l 331, EX|m=ES 0188 MFX|Ho| HMekst x|H
k. XY =37 RGBEES Table 1037} 2t ZEA4 AP

Fig. 124 Table 109] £5& Zu}=nlglo 2 A|FA]
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Table 10. Land cover and RGB values

Color Name Land Cover
RGB(0,0,255) Cluster 1 Ocean
RGB(0,64,0) Cluster 2 Forest
RGB(128,128,128)" eIk} Load

RGB(0,255,0)

Cluster 4  Agriculture & Grassland
RGB(254,0,0) Cluster 5 Farming villige

RGB(0,255,0) Cluster 6 Agriculture & Grassland
RGB(0,255,0) Cluster 7 Agriculture & Grassland

RGB(0,255,0) Cluster 8  Agriculture & Grassland
RGB(0,64,0) Cluster 9 Forest

H314](2008)2} Rooney et al.(2005) o] wh=2H 3= %]
ZollA 100 m ~ 1 km H12] A5 HE AA R =
o}, J1 5 EX|ulEe| whE e 5 Aoto] RAE ekt
of| 7H H- EA| 9 B A EE LR = Shaof whet A
AR O] AAIE Asto] AHEREE AL ofof i
Lol A= A M9IS 500 m= AAsHch 181
A7) 0] T2 Fo] AL T3]0} 9= met-mast 4}
22 o g3fo] Aol U2 2EASE AT

Fig. 12, Fig. 13, Fig. 145 2 A7Lo] 4] W2z
1 ARRE S8l 283 Ao 5 2, D, HEA Y9
met-mast XS 24102 | km?® QFe] AHUREE ¢
gk EA| | E=9F SPOT-5 FA= HofF=aL k.
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Fig. 12. Surface roughness domain and SPOT-5 image at
Geumdeung.

Fig. 13. Surface roughness domain and SPOT-5 image t
Wollyeong.

s

Fig. 14. Surface roughness domain and SPOT-5 image at
Handong.

Fig. 15. Classification map of the Northeastern Jeju Island.
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Fig. 18. Surface roughness vector map of the Northeastern
Jeju island.
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Fig. 19. Wind speed map of the Northeastern Jeju Island
using online data.

Fig. 20. Wind speed map of the Northeastern Jeju island
using remote sensing technique.
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Table 11. Estimated and measurement wind speed of met-mast location in Pyeongdae

Measu rement data
(m/sec)

Surface roughness vector map

‘WindPRO‘s online

The method suggested fot this study

Wind speed of met-mast

location in Pyeongdae 8.73 m/s

8.51 m/s 8.69 m/s
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