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Summary

Recently, the Eco-friendly Resource Development is actively catching the attention of
the developed countries. As a renewable energy resource development, “Wind”
resource is spotlighted and assessed in various ways. Wind resource maps have been
made and developed in Korea, as well as other foreign countries. The maps have
been utilized as a basis of information to take advantage of the wind resource and to
find wind farm locations.

In this study, Land Cover Map was generated using remote sensing technique with
satellite images. It was integrated with GIS to generate a roughness map which used
as basic data to evaluate wind resource.

Land Cover Map was generated using high-resolution IKONOS image. The maximum
likelihood classification was applied to classify land-cover. The overall accuracy of
classification was 96.195% and the kappa coefficient was 0.95214. The accuracy of
classification in each class was generally over 90%, whereas low classification
accuracy was obtained for the class of urbanization. This may be a result of
collecting a variety of pixel values when selecting training sites because there are
colorful buildings and structures in urban areas.

In order to reduce the complexity of land cover classification, a majority filter was
applied to Land Cover Map. By using the filter, little and unnecessary segments
agglomerate together to form larger clusters.

Finally, the roughness map was generated using GIS technique with the filtered Land
Cover Map. A wind resource map was generated using collected wind data, a contour
map and a roughness map. By NREL standards, the inland area is class 3 or 4, and
the coastal area is class 5. The sea, more than 2km from the coast, is class 6. The
basic data for evaluation of wind resource was made through the integration of
remote sensing and GIS technique. Workers produce objective roughness maps more
efficiently when applying remote sensing and GIS technique than when reading the
terrain visually and performing the task manually with Digitizing by eliminating the
operator’s personal judgement errors. It is possible that this can be directly applicable

to the working practice.
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Table 2.1 The specification of IKONOS satellite imagery

Spectral | Resolution
Scanner Band
Range(/m) (m)
Panchromatic 0.45-0.90 1
Blue 0.45-0.52 4
. Green 0.51-0.60 4
Multi-spectral Red 0.63-0.70 4
Near IR | 0.76-0.85 4
Quantization 11 bit
Orbit 98.1°
Altitude 681 km
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Fig 2.3 IKONOS satellite image of study area (2004. 10. 3.).
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Table 2.2 The system of classification

Classification category Color
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Table 2.3 Band Statistics & Covariance Matrix of training site (Urbanization)

Training Data Set : Urbanization
<Band Statistics>

Band 1 2 3
Min 0.0000 0.0000 30.0000
Max 255.0000 255.0000 255.0000
Mean 169.9516 212.6129 238.6774
Std.Dev. 84.9722 55.1208 35.6632

<Covariance Matrix>

Band 1 2 3
1 7220.2763 3983.5056 1226.4595
2 3983.5056 3038.3067 1330.9714
3 1226.4595 1330.9714 1271.8614

Table 2.4 Band Statistics & Covariance Matrix of training site (Farm_w)

Training Data Set : Farm_w
<Band Statistics>

Band 1 2 3
Min 0.0000 0.0000 85.0000
Max 255.0000 255.0000 255.0000
Mean 246.7092 245.1068 240.8249
Std.Dev. 25.6535 28.6007 33.1911

<Covariance Matrix>

Band 1 2 3
1 658.0997 719.9835 637.9489
2 719.9835 818.0005 783.2866
3 637.9489 783.2866 1101.6508
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Table 2.5 Band Statistics & Covariance Matrix of training site (Farm_b)

Training Data Set : Farm_b
<Band Statistics>

Band 1 2 3
Min 68.0000 13.0000 35.0000
Max 246.0000 221.0000 184.0000
Mean 139.0435 98.1700 99.0949
Std.Dev. 31.2803 39.6153 26.5909

<Covariance Matrix>

Band 1 2 3
1 978.4545 1194.8577 806.7974
2 1194.8577 1569.3718 1019.9402
3 806.7974 1019.9402 707.0783

Table 2.6 Band Statistics & Covariance Matrix of training site (Forest)

Training Data Set : Forest
<Band Statistics>

Band 1 2 3
Min 0.0000 0.0000 0.0000
Max 205.0000 219.0000 206.0000
Mean 15.7448 14.1220 16.6567
Std.Dev. 36.6160 35.4507 37.1275

<Covariance Matrix>

Band 1 2 3
1 1340.7280 1286.3620 1350.7525
2 1286.3620 1256.7501 1291.0739
3 1350.7525 1291.0739 1378.4477

Table 2.7 Band Statistics & Covariance Matrix of training site (Sea)

Training Data Set : Sea
<Band Statistics>

Band 1 2 3
Min 0.0000 0.0000 179.0000
Max 3.0000 4.0000 255.0000
Mean 0.1284 0.2140 213.1615
Std.Dev. 0.3937 0.6282 27.1557

<Covariance Matrix>

Band 1 2 3
1 0.1550 0.2044 -0.6640
2 0.2044 0.3947 2.7919
3 -0.6640 2.7919 737.4300

_12_




Fig 2.9 The result of Land Cover classification.
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Table 2.8 Error Matrix

Error matrix Classification Data
for Training Data Sea Forest | Grass | Farm_w | Farm_b | Urban Total

Sea 504 0 0 2 0 0 506
Forest 0 501 3 1 0 0 505
Training Grass 0 12 295 2 1 1 311
Data Farm_w 0 10 1 311 1 19 342
Set Farm_b 0 2 0 5 250 0 257
Urban 0 5 5 3 2 35 50

Total 504 530 304 324 254 55

Table 2.9 Accuracy

Class Producer’s accuracy [%] User’s accuracy [%]
Sea 100.00 99.60
Forest 94.53 99.21
Grass 97.04 94.86
Farm_w 95.99 90.94
Farm_b 98.43 97.28
Urban 63.64 70.00
Overall accuracy 96.195%
The KHAT Statistic 0.95214
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Fig 2.10 Modified Land Cover map.
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Fig 2.11 Mask Processing Method.
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=714 2= 2 (AWS; Automatic Weather Station)®] &2 AFg-3}9] ).

Fig 3.1 Position of Met-masts and AWS.
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Fig 3.2 Met-mast, located in Handong.

Fig 3.3 Met-mast, located in Pyeongdae.
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Table 3.1 The wind speed of each position and height

Height | The mean wind Height | The mean wind
[m] [m/s] [m] [m/s]
60 7.296 60 7.254
Handong 58 7.207 Pyeongdae 58 7.178
50 7.080 50 6.988
40 6.832 40 6.814
30 6.595 30 6.562
10 Monthly Wind Speed Profile - con
\ / E8
f I
. \\Vs.\\\ /4
/
§
Fig 3.4 Monthly wind speed profile of Handong.

12 Monthly Wind Speed Profile —
=g
= 40m

© 30m
E 2 -

Fig 3.5 Monthly wind speed profile of Pyeongdae.
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Fig 3.7 The Wind rose of Pyeongdae.

Fig 3.6 The Wind rose of Handong.
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Fig 3.8 Setting for weather observations of AWS.
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Fig 3.9 The Wind rose of AWS.

Fig 3.10 Montly mean wind speed of AWS
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(3) MCP(Measure-Correlate- Predict Method) 2.7
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g ASES] Fe AV V3RS ARE ol &ste] TAAQ WS o] &8st
of A7t FHoRE HAS SedH, olF MCP# dth. MCPo= A 3]
MCP, @& MCP, ¢tol& MCP & oz WHe] glov Ao By ow Qs
of AEAAY FEAA o FFEAVE F FEvete] A AE MCP
Wl o FE3 ASAIAE AATol AFHAGGI AT, 2005). wEbd 2 A
HASERS o AR 73 AWSS A5 E dE MCPd 4

del 4% FUNEE 08801 ¥4 0872 He ARATE YT Fig
3113} Fig 3.12% Zk7te] S3715ek9sh AWSS A28 @ vehd 1z Zol

wind speed [my/s]

01-92 0100 0101 0102 0103 01-04 0105 01-06 01-07 0108 01-08 01410 01-11 0112
Month-Year
1:Mast_HD(Speed) 2 AWS_GJ(Speed)
Fig 3.11 Comparison of wind speed at Met-mast of Handong & AWS.

wind speed [my/s]

0.00 0101 0102 0103 01.04 0105 O1.06 01.07 01.08 01.08 010 0111 01.42
Month-Year

»»»»»» 1:Mast_ PD(Spead) 7 MWS_GJ(Speed)
Fig 3.12 Comparison of wind speed at Met-mast of Pyeongdae & AWS.
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[m.a"s] Mean wind speed
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Fig 3.13 Met-mast of Handong (Matrix MCP using GJ_AWS)

Mean wind speed
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Fig 3.14 Met-mast of Pyeongdae (Matrix MCP using GJ_AWS)
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Fig 3.16 Illustration of ‘roughness contours’ from the WASP help file.

Table 3.2 Roughness length in European Wind Atlas (Julieta Silva 2], 2007)

No. Classification category | Roughness length [m]
1 Water Area 0.0001

2 Urbanization 1

3 Eroded Land 0.0003

4 Marsh 0.04

5 Grassland 0.0075

6 Forest 0.8

7 Paddy Field, Cropland 0.2

Fig 317¢ EA5%A%we] weeto]d A3 448 AWEEAE0] D, Table
33l ARMEEAEY A3 A AR F BHE FE A%, e 27

Ao W e,

Fig 3.17 Roughness map. (Scale: 1/100,000)
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Table 3.3 Characteristics of roughness map
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H7F 2 a#oltl, WindPROE= WAsSPS Solver® ARE3FaL Qlow, 34 o o
UAEAdE oS24 £33 WAsPH 5 d3ttt. WAsP(Wind Atlas Analysis and
Application Program)2 AU 2 H7h Zz2aiosA, dvnka9] Rise
THAT2ONA ATEANSH, A A o] Tt A FHAA ] £ B BtE
Fsta FHEAGA AAdE AR A AvH(5-A T, 2011).

=
ZHRAA 2] 2 d e UTM(Universal Transverse Mercator Grid) 3%
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Table 3.4 Wind Power density class (source: NREL)

At 30 meters At 50 meters
. height height
Wind Power Resource - -
Wind Power Wind Power
Class Potential . .

speed density speed density

[m/s] [W/m’] [m/s] [W/m’]
1 Poor 0-5.1 0-160 0-5.6 0-200
2 Marginal 5.1-59 160-240 5.6-6.4 200-300
3 Fair 5.9-6.5 240-320 6.4-7.0 300-400
4 Good 6.5-7.0 320-400 7.0-75 400-500
5 Excellent 7.0-74 400-480 75-8.0 500-600
6 Outstanding 7.4-8.2 480-640 8.0-8.8 600-800
7 Superb 8.2-11.0 640-1600 8.8-11.9 800-2000
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Average wind speed [m/s]
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1.25-1.5
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7.75-8.0
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8.8-10.3
10.3-11.9

Fig 3.19 Wind speed map of study area (50m above ground level).

Wwind energy [w/m?]

300-350
350-400
400-450
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1400-2000

§

Fig 3.20 Wind power potential map of study area (50m above ground level).
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Fig 3.21 DEM covered Wind speed map.
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Figure 2. Land cover map of Udo
(scale:1/50,000, =<3 5.:33608).
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Figure 3. Met-mast & AWS, located in Udo.
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Figure 6. Flow chart of study.

Figure 7. Complexity of land cover map.
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Nielsen &, 2004)

B mRoAE 3x3 EE 5x577]9 HE wla@vl g4 HE Atoa =
o= olFdZbEA A e JREFEAY T NErt 52 EREAAE vPS
A9 ZAFoR A E THREHE =

719 FUAEE Fal desty A7 BANEALE o]gate APREAL
(Vectorgd2)E AT 9714 Adx%E g2 European Wind Atlas (Troen
and Peterson, 1989)ollA4 A|A|sl= 7S AFE3199 3L, Table 12> EX| 3] E2EH o
e A= gEs YEo

Table 1. Roughness length in European Wind
Atlas(Troen and Peterson, 1989)

N Classification Roughness
© category length [m]
1 Water Area 0.0001
2 Urbanization 1
3 Eroded Land 0.0003
4 Marsh 0.04
5 Grassland 0.0075
6 Forest 0.8
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Figure 8. Roughness map using each filter
(original image, 3x3 filtering, 5x5 filtering).
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Table 2. Features of the maps shown in Figure 11

original roughness map
roughness ) .
3x3 filter 5x5 filter
map
Nodes 3014 1943 1694
Lines 772 460 453
File size 188KB 124KB 104KB
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Figure 9. Contour map.
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Table 3. Bias & RMSE [unit: m/s]

At 30 meters At 50 meters
height height

3x3 filter | 5x5 filter | 3x3 filter | 5x5 filter

Bias -0.004 -0.0061 -0.0027 -0.0044
RMSE 0.1393 0.1403 0.0237 0.0253

Table 394 Bias #o] -0.00617-0.0027 m/s® XEF &9 s Ho, ol
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