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Abstract

The investigation on reliability of MERRA (Modern-Era Retrospective and
Applications) and ERA-Interim (ECMWF ReAnalysis - Interim) reanalysis wind
data was conducted using the four met mast wind data at coastal regions,
Jeju island. Shinchang, Handong, Udo and Gangjeong sites were chosen for
the met mast sites. ERA-Interim and MERRA reanalysis data at two points
on the sea around Jeju Island were analyzed for creating Wind Statistics of
WindPRO software. Reliability of reanalysis wind data was assessed by
comparing the statistics from the met mast wind data with those from Wind
Statistics of WindPRO software. The relative error was calculated for annual
average wind speed, wind power density and annual energy production. In
addition, Weibull wind speed distribution and monthly energy production were
analyzed in detail. As a result, ERA-Interim reanalysis data was more suitable
for wind resource assessment than MERRA reanalysis data.

Then, the investigation on reliability of ERA-Interim reanalysis wind data
was carried out using five met masts wind data at inland and coastal areas,
Jeju island. To assess the reliability of ERA-Interim data in detail and widely,
the maps of wind resource and temperature over Korean peninsula and Jeju
1sland were drawn using ERA-Interim reanalysis data. Besides, the wind and
temperature data of ASOS installed inland and BUOY installed at sea was
compared with ERA-Interim reanalysis data for analyzing the reliability of
onshore and offshore reanalysis data. The monthly mean wind speed and wind
veer from BUOY data were much similar to those from ERA-Interim
reanalysis data, while those from ASOS data were a lot different from
ERA-Interim reanalysis data. All the correlation coefficients of air temperature,
dew point temperature, and water temperature were above 0.9.

Also, Shinchang, Handong, Udo, Susan and Cheongsoo sites were chosen for

_Vi_



the met mast location. ERA-Interim reanalysis data at onshore and offshore
points of twenty over Jeju island were analyzed for creating Wind Statistics
of WindPRO software. Reliability of ERA-Interim reanalysis wind data was
assessed in the same way described above. The relative errors were calculated
for annual average wind speed and annual energy production in terms of
onshore and offshore wind resources. In addition, the trend of the errors were
analyzed with distance from a met mast. As a result, ERA-Interim reanalysis
wind data was more suitable for offshore wind resource assessment than

onshore.
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Table 2-2 The ERA-Interim reanalysis data provided by ECMWEF

ERA-Interim Description
Period 1979-01-01 ~ Present
Level Model, Pressure, Surface
Common Time 00:00, 06:00, 12:00, 18:00 (UTC)
Ttem Area OE to 358.875E, 90N to 90S
Grid 0.125x0.125 Gaussian grid
Forecast 00:00 UTC, 12:00 UTC?

e 60 “full” model levels
Model ¢ Height : 10m ~ 64.56km

Upper air e 15km : middle stratosphere
parameters e 37 pressure levels

Pressure |* Interpolated data from model

e 1~1000 hPa
e 10m u,v wind speed

¢  Temperature(2m, skin, dew)
) ¢ (Cloud cover, Surf roughness
Surface and Single Level
¢ QOcean-wave

e FEtc @ snow, vertical integrals for energy,

mass, water and ozone budgets

2) ECMWFolME 4 dlolg 2o Hi.e' 7102 1097k of|Zu|o]E(Forecast Data)E 3} 23]
(00:00 UTC, 12:00 UTC) HlolEE 37} &3},



ERA-Interim A4 dol¥ & FH 5= A& Figure 2-4°] ettty ECM
WFE &9 o] %] (http//www.ecmwf.int)ol] 43}, F531LA 3+ Data Level
Type® Adeli, 71z A2 shebulE, /4% W9, #A(Gids AEe
a8 F HF dolE Y JEH(GRIB E+ NetCDF)E Ad®atA =™ EC
MWEF A HellA dlolel & st AMEA7E thbs & JA JaE A
=3

Jongki Byun | Sign out

£SECMWF Home Chart dashboard ~Contact

Research  Learning

i i ~
RA Interim, Daily
Model levels —
Potential temperature RICCECAT ‘The request will be done using the following attributes:
Potential vorticity ® Selact a date in the interval 1979-01-01 10 2016-08-31
Pressure levels Start date:[1878-01-01 | End date: [2018-08-31 | chiv © Tropical Pacific
south Asia £urope
. Inter-tropical band © North America
Trierfm Flold O Select a list of months © Northern Hemisphere () Indonesia
PIE——— Jan Feb Mar Apr May Jun Jul Aug Sep OCt Wov Dec Jjan Feb Mar apfMay fun Jul Aug § O Souther Hemisphere  ® Custom N (38| (1255 |s[33_|€[1275
Daily 2:€NO0 00000000002 O0000OO
'""‘”"_’“ 200 0000000000000 @Q@00 ) 1.128x1 125
Symoptic Monthly Means OO0 000000002000f00 s
Monthly Means of Daily Means
2007 ] ] 2008 ]
Monthly Means of Daily DL_[DHDDDE‘DDD[; 0 HjLl L CARED
Forecast Accumulations ==OO0000000O00O0O0O#*x000 oo S
— - - 5 R now]
000 o0oDoOoE 00 080 O Ct O o S
MmO OO0D00000000DO=0 08000
Conditions of use 0000000000 Oes oooo
Documentation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Navigation Seiect All or Clear
V),
<
Home H'Select time
LRIt O o000 [ osoooo [ 12006 [T 13:0000
Job list
Select All or Clear )
Select parameter
Access Public Datasets 7] 2 metre dewpoint temperature [ 2 metre temperature
General FAQ [ 10 metre U wind comporent [ 10 metre v wiing component
WebAPIFAQ: [ 10 metre wind qust since previous post-processing O atbedo
Accessing forecasts [ Boundary tayer gissipation [ soundary tayer heignt
GRIB decoder ] 0 = =
Chamock Clear sky surface photosynthetically active radiation
[ convective available potential energy [ convective precipitat
[ convective snowtail [ Downward UV radiation at the surface
[ Eastward gravity wave surface stress [ eastward turbutent surface stress
[ evaporation [ Forecast aibedo
[ Forecast togarithm of surface roughness for heat [ forecast surface roughness

Figure 2-4 ECMWF'’s interface and work flow to retrieve ERA-Interim reanalysis
data

ol’del #A4E Fl AF ERA-Interim &4 HolHE HAS5T = oy, o
A HEE HolHE 449 “AFE %34 FE4997F 938 ERA-Interim 4
| ARE-SFA T

\

”

&

rQ
-
2
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m. s A-=E2L43 7 93 ERA-Interim/MERRA d©] E

RERIEE

FHTATA AUl BIY FHE AT FHEN el 2HF wololA
o AN BaHEE, /147 dolE 54 Eolsh FAW 50 m ol
=33

tolE| S Al ¥3t= ERA-Interim® MERRAZS A A&le] As)4 dlolEl ¢

1.1 AF=E 34 T8 F7 A E

2 AT HEE 7 24X S Figure 3-10] veRdnh sigtrtel] 9 x]gk 7]

ggozne 248 A3, #%, S%, 34 40 A4 4E delHE ALgs

Type Met-Mast ERA-Interim MERRA

Site | Shinchang | Handong Udo Gangjeong (Offshore-West| Offshore-East | Offshore-West |Offshore-South)

Tat:3334 | Tat:3354 | Tat:3350 | [at:3323 | Iat:3333 Lat:3333 Lat:3350 Lat:33.00
Ton:126.17 Lon: 12684 Lon: 12696| Lon: 12647, Lon: 12584 | Ton:12724 | Ton:12600 | Lon:12667

Figure 3-1 Measurement and reanalysis data points

_14_



g etrtel]l AR wo] 5% 3
St7tell AAd 37/ AHHE= dF g2 AFS Btk AsA] dolHe g
= AFE FHd §4% £33t9] ERA-Interim 37] A3, MERRA 370 A4
o] EAsta A=l o FAA EF 7S A 7 27 AF delEE A

FYAL7t Aol vm, BAsdon] 4 A%

7t =4 A del W3 #E 9 ®A 5% Figure 3-10] o] Yehd d=d 7]
A2 A9 oS HASHA AL, AslA dHeolH FodA “E-W’= ERA-Interim
34 A2 “E-E’= ERA-Interim 3l 52, “M-W"&= MERRA &4 A% “M
-S"% MERRA 314 &% A& ougitt. A0 A& dolE 717k 2008
d o]% 9] 7]ag dolEl9t Y3 1d7e] ERA-Interim ¥ MERRA dlolEl E

1.2 ERA-Interim/MERRA A 3] dlolg A=A 7 9

Figure 3-2°] ¥ A3 Z 93 ERA-Interim/MERRA A 34 dlolg] A=A o
7b S YERATE ol Aol A= 1] AH TR FHEENS AT
a7 Hgskar A" g e ® VY el el FAIZ, 22 #01(50m) ¢ ERA-Inte
rim, MERRA A4 dHolHE 7kl sid A3 e Fwe wwl 7279 A9
£ Y93k, WindPRO® STAGENE o]-&ste] sid A3 nted FA4k(Wi
nd Statistics)= "HEATH

His 47 faA D 71" A wEoz JiE bk FARE o F

=
o] WASsP Interface, PARK E&& F&AZT 11 o Az Ha &5, 39

L
.

N

NUAE =, A7 @A (Annual Energy Production, AEP), Weibull 3, 93+

LA 5 dSFstth ol#A AFd A4 A3 g ToA 71" 4 dold™
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INPUT OUTPUT
= » Average Wind Speed
Heanatyss Data + Wetbull Distribution

ERA-Interim | MERRA || | * Wind Energy Density
* Monthly Energy Production

4pomts || 2pomts |2 pomts || | + Annual Energy Production

= - =

Met-Mast

TOPOGRAPHY WAsP & PARK
4 Met-Mast Data Stafistics
* Roughness, Obstacles Orography = [ i Gang
v chang | dong Udo Jjeong
STATGEN
8 points

EW | EE | MW | MS
4 Reanalysis Data Statistics

~_
8 Wind Statistics

(Generalized regional wind climate)

Figure 3-2 Procedure for assessing the reliability of reanalysis data

2. ERA-Interim/MERRA #J3i4] dlojg 1A H7} Az}
2.1 7147 dolEs AsA dolE ¥z

Table 3-1 47} 717¢% delg Az deoly 73t aga &d 7|3t

L5

=o]9] ERA-Interim/MERRA AlajA] dHlolg AA 7+ o] 4 7 g (Distance), 3
i F 5 (Average Velocity) 2 714 A4S 7I¢o2 3 Adl 22 (Rel. Erro
r), 7% &(Prevailing Wind Direction)s H.o&=th o] AxE A3 HH 7 Alo]

EWE B Ade wEw F3
3
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Table 3-1 Statistics of Met—-Mast and reanalysis data

Data T Avg. Wind Speed p i

Site ata Lype Distance Rel. revaring

. & Value Wind
(Period) L . (km) Error . .
ocation (m/s) Direction
(%)

. Met-Mast - 7.03 - ENE
Shinchang EW | 308 771 07 N
(2013.0329 | FRA ' ' '

Interim | E-F 100.0 785 117 NNW
2014.0328) | MERRA M-W | 233 7.22 27 N
o M-S 60.3 7.20 24 N
Met-Mast - 7.23 - N
Handong EW | 957 779 77 N
(2012.01.01 | ERA : : :
Interim | E-E 44.2 7.89 9.1 NNW
2012.1231) | MERRA M-W | 775 714 12 N
e M-S 62.1 7.19 06 N
Udo Met-Mast - 726 - WNW
- | E-w | 1061 712 19 NNW
(20080101 | ERA
Interim | E-E 33.8 7.25 0.1 NNW
M-W | 886 6.66 8.3 N
MERRA
2008.12.31) M-S | 638 6.82 6.1 NNW
. Met-Mast - 5.67 - E
Gangjeong E-W | 604 7.39 303 N
(20140101 | PRA : : :
Interim E-E 72.6 7.80 376 NNW
2014.1231) | MERRA M-W | 533 6.85 20.8 N
e M-S 31.1 6.99 23.3 N

gy 71 AR A dely A A relle vheke A
A i A vbd SAS g sforsty] wZel Table 3

1]
olB] W7 A4 HolEe) 24 Wo} A1Ee] & 4+ glrh

17F &2 8t

]_
ged v o

h84

22 Y ESL, UXEE, AEP 4 A3

=

ol A A3 MERRA dHlolElo] A& gdA A AHdE v 4 750
2 JHEEL 4711%Y, AEPE 10%U 99 AdoxE rusta gl 2 o
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Tol A& ERA-Interime F7hste] A2l BH7EE #8319 =, Figure 3-29
el A FrE Aafel] wet o FH o)zl P FE FHlUAE R, AEPe}
7175 e Al e x5 Table 3-20 yebdith, 23 g2 vl gS @ ERA-Int
erim A4 dlolHE A& FEALR A3 0 AR RS54 MERRA

Ao HolHEG =2 AEde o= Aoz AT

ﬂl

Table 3-2 The wind resource predicted by WindPRO

Average Wind| Wind Power

] AEP
Speed Density

' Rel. Rel. Rel.

Reanalysis Data Value E ¢ Value B © Value E ©
rror ITor rror

(m/s) (W/m2) (MWh)
(%) (%) (%)
Met-Mast 6.97 - 435 - 18184 -

ERA- |E-W | 6382 2.2 369 15.2] 17408 4.3

Shin ]
Interim | E-E | 683 13| 397] 87| 18029] o009
chang
M-W| 639] 83| 201 331 14993] 175
MERRA
M-S | 649 69| 202| 329] 15500 148
Met—-Mast 7.08 - 448 - 19274 -
FRA- |E-W | 694] 20| 360] 196] 1826 23
8
| Interim | EE | 705 04| 371 172| 19464 1.0
dong

M-W | 6.27 114 268 40.2| 14986| 222

M-S 6.31 10.9 269 40.0| 1529.7] 20.6
Met-Mast 122 - 433 - 1910.0| -

ERA- | E-W | 6.9 8.7 291 32.8| 1664.0| 181

Udo | Interim | E-E 6.60 8.6 297 314| 1606.4| 159

M-W | 6.14 15.0 229  47.1] 1306.0| 31.6

M-S 6.27 13.2 239 448| 13687 283
Met-Mast 5.83 - 215 - 1324.8| -

ERA- | E-W | 583 0.0 243 11.6] 1242.2 6.2

Interim | E-E 5.93 1.7 268 25| 1298.3 2.0

M-W | 542 7.0 197  284| 1040.5| 215
M-S 5.43 6.9 2000 27.3| 1048.8| 20.8

Gang

jeong

MERRA
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Zh A e AvEy ojn] FRle] FEHUHWEAIE AR Qi HAFH
F9o] 9FS Wol W= AF 3Fo %ol ERA-InterimE o] &3k A7k #H

vjRteltt, gut AL FTE V€

7 o o] 2=

5%

7)
718 Table 3-3°] YepQTE ERA-Interim® 7% #H+f

F4L8 31%, FHAUAYEE 174%, AEPE 63%2 AtoaE vEdil M
ERRA®] 7% #Hit £ 99%, FHAUAUEE 36.7%, AEPE 222%9] A
exts et vtk s, % A 9eA MERRA 7|RF S| AE R o
Z0] 40% ol AvexE yehEd, FHAUALEE 59 3%l A
detn® it FE5 oS ghe] FdleAnTt Jae Aols Helth Ed i F
& 7o) 47 &Y AoE wrgsts AEPS 2 THEAUAYNEE 1 5

FRAAE Fhe) AAFl wdstnz oz old dd exst wARL %

A3} zke] MERRA7} ERA-Interim®.th 2~48] o & Ao xS Helt) ulel
A AF A 71Fe =8 A9 #H7kE ERA-Interim A1 o] g7} & 4

o} 2= 0]
= AR

Table 3-3 The average value of relative errors between Met-Mast and reanalysis

data : wind speed, wind power density, AEP
Data Type Average Wind Speed | Wind power density| AEP
ERA-Interim 3.1% 17.4% 6.3%
MERRA 9.9% 36.7% 22.2%
2.3 Weibull £ && ¥ ¥ ¥
WindPROI A d=H 2+ XA Weibull £% &85 EX%E Figure 3-39] 4}

ey,
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Probability Density Probability Density Probability Density

Probability Density

[Shinchang]
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123456 7 8 91011121314151617 181920
‘Wind speed (m/s)
0.16 -
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0.08— -/ -ttt ot ML Lot
004 --r---1-r T XN T
EREEEE NN Wy SPUI
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Figure 3-3 Predicted Weibull Distribution
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ERA-Interim¢] MERRAR. Y 7|3 7|+ FEE = 23TS & + A
= o A& AAE o] Al VNEE #E VIeeR $5 1 ~ 20 m/s 1
o o] 7} & Wk Frol| W HF AlHF 2% (Root Mean Square Error, R
MSE)= 3% Z& Table 3-4°] yeptdit}. 47] A9 =5 ERA-Interim©] MER
RARTH W2 925 Ho|Fa gl

Table 3-4 The RMSE of Weibull probability density predicted by

WindPRO
Data ERA-Interim MERRA

Site E-W E-E M-W M-S

Shinchang 0.0054 0.0048 0.0100 0.0118

Handong 0.0084 0.0090 0.0115 0.0119

Udo 0.0112 0.0102 0.0181 0.0175

Gangjeong 0.0061 0.0042 0.0075 0.0073

24 9 o4 WY M

FHUAvAE Addes FARAANGA] EA5ele ndar] faAs
i EE 7)ol FEAL dZo] Fasth dudon AF Aoe] i Fk 7]
e R F AL Ao deA Ak AdA dolEel delAE ol

A% % FHAQRs] AL A7) 98] Figure 3-40] L o4 WAl

FS UG o5 B0l 7 2efzellA 54 FMd (7)) 2 xdE 5
Fo| 7Z¥Fo] Ri= 7]7teld], ERA-Interim’t MERRAE T} 7]4gr 7uke] AW

170 (11€ ~29)% ¢ ERA-Interim 7|HFe. 2 o =% 99 o4 2Hd#o] MERR
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Figure 3-4 Predicted Monthly Energy Production
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IV. A5 S84 $39A487F 918 ERA-Interim 4 &7

A AA A 60709 713 % vlolE ek AlFA deleE wlagk A3, ERA
“Interim®] F#AF7 7HE =& AoR2 FAHJoH, AFA A A Aol
g MERRA® ERA-Interim A|3§4] dlolEle] A=A @7} Ao A% ERA-I
nterim Ho]E o] AF Aol =2 AoE FAHIL ol AF AIAE 7]Htoe
= ERA-Interim A3 dleojelo] £ o AFS 24 24 2 A& A5S 9
3l T8 A S4o] v K3 1o Al Afolet VAR o)A Az o
w2 Az zpe] B4 G o] = A7 g Aot

wala] B A= ERA-Interim A 31A] Ho]EHE 7Hto 2 AF X GoA &
s FEHA 9 AAd A S8 FEAAE 7 Y o ® ERA-Interim A
314 dlolE AMES AStata olo] Wit AFAS HE YA AFE F Ut
A #AARAA st gk o] & 98 ECMWEA A A% ¥ 15370 A A
°] 10672l ERA-Interim #3124 o6& A5 ¥, EMDAM A Hdet 39
AGA] A AZEG o]l WindPROOIA Al&dtE WAsSP 718k A& &<
gletrtel 1A 37 AH (A, E, FE)F Sl fAE 27

FE $-
AR, AN 248 54 139 dolgst Y A9e A4 A%z
[e))
=

==

’

=o], TAIZFH el ERA-Interim 47] A& 7|Hte = F8 4S8 4

Zeto] fal g el A4 B AP wolE kel o)A Al WE Az v

1. ERA-Interim Hlo]E] 7]} 7]& A&

11 39 T&E/FTF/72 24 € A&

Ao fepiol F FHel AT FUEE H9 310 ~ 42, B 11
7~ 1380 A, R Lol Sete] AR we oy slve] JFS
Wt B Eels BeWY slwel Aujsty, gri AaEs] Al A=

oz Jwe] A % shu), guiHols oxzas gy FHUP

i
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o gl AW o} 7ol Hzbol i EdtE o] A ujditl. AL X3 o]
9leo] Aldel= AlWlglo} 7gko] Awjslte] 7HE B Fo] Er}p©
Figure 4-1, 4-201 A& 30t 2|99 T4 2 2% ¥ E gQlstry] 93] 2006

WEH 201597kA 9] 10d 32l ERA-Interim #| 4] ©lo]El & 7

rE
o
fru
)
o
By

S5 T4 Figure 4-1914 Xz vk} Zo]) dute FHe] AR FTHS

HA 256m/sel M FH Tm/s AER SJHACH. A5 A Ho] HF FHo] =

i, 0 0e Adem 29, Aye Ade] wigkel Aeth WE AL wigtol
bk Aow setdglry. el Ao §4 wrhe sle] &0l k)

Annual Average Wind Speed at 10m o
(2006 ~ 2015) | o

117.50 “ : B 1.5
5B 120.0°E 1258 125.0°E 127.5°E 130.0°E 132.5°E 135.0°E 13

Figure 4-1 Annual average wind speed distribution at 10m above ground
level around the Korean peninsula (2006~2015)

g nolm Qov, A4 94 3wl AY 9 165 FEE ehfe] 359
Avkgd Aoz W b oo gk UF A9 g Agnn Lxst ve
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Annual Average Temperature at 2m
(2006 ~ 2015)

117. o 7.5%
5°E 1200°E 12250E 125-0°E 127.50E 130.0°E 132_5°E 1350E 13

Figure 4-2 Annual average temperature distribution at 2m above ground
level around the Korean peninsula (2006 ~2015)
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Figure 4-3 Annual average wind speed distribution at 10m above ground
level around Jeju Island (2006~ 2015)
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Figure 4-4 Annual average temperature distribution at 2m above ground
level around Jeju Island (2006~2015)
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Figure 4-5 Monthly Wind Speed distribution around Jeju Island
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2. AF= 7178 = dHolE Hu

AFEE BN Al gA5] gunne) JFE B4
Aolth, AFE AGo] ofe] Aol s]guEgu st A
A= o] = ASOSSE adel AAlHe] = BUOY A dHolEE ERA-Interim

A A delg el magozm AHAAE Ak
2.1 AF= 714 dolg 717+ R AA

AFEels 7t 47 AAel ASOS 2 BUOYZF AAHo} el Hlite] A4

2 714 24 el 92 R dele £7 713+ Table 4-19 tebeh

Table 4-1 Properties of ASOS & BUOY Data

Type | Sym. | Location Name Location Data Period
A Al Jejusi 33.51°N, 126.53°E | 06.01.01~13.12.31
S A2 Seongsan 33.39°N, 126.88°E | 09.01.01~13.12.31
O A3 Seogwiposi | 33.24°N, 126.56°E | 06.01.01~13.12.31
S A4 Gosan 33.29°N, 126.16°E | 06.01.01~13.12.31
B B1 Choojado 33.79°N, 126.14°E | 14.01.15~15.12.31
U B2 Geomundo 34.00°N, 12750°E | 12.01.01~13.12.31
O B3 Seogwipo 33.13°N, 127.02°E | 15.12.21~16.07.31
Y B4 Marado 33.08°N, 126.03°E | 12.01.01~13.12.31

Figure 4-6° 7]’3#=41]9] Y& ZAeA=H, ASOSE= A% 5-A-F-
5 Ao £xFo] i, BUOYE AFT% TR 84 ddo 2xso A
FE FHY 7 #E E dSed F8F 5 Itk AFE T A9 ERA-Int
erim A4 ©lolHE /4= 7IFo® 0125° 7+ Grid wAE el A e

dole & AFehd, 2 w3 gulol Y A Agel U ol

o) dolE 2 ASad s
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Figure 4-6 Meteorological measurement and reanalysis data points
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Table 4-4 Information of Met-Mast and ERA-Interim data points for wind

shear estimation

) ) Distance Measurement
Region Sites Data Type (km) Height (m) Period
Cheong | Met-Mast - 30,40,50,60 1 year
S00 ERA-Interim 6.0 10,30,60,100,160
Onshore| Susan Met-Mast - 30,40,50,60,68,70 2 vears
ERA-Interim 5.1 10,30,60,100,160
Sumang Met-Mast - 30,40,50,60,68,70 2 years
ERA-Interim 8.1 10,30,60,100,160
Shin Met-Mast - 40,50,60,70,78,80 1
chang [ERA-Interim 5.2 10,30,60,100,160 vear
Han Met-Mast - 30,40,50,58,60
Coast | dong  [ERA-Interim 0.8 10,30,60,100,160 | > V€4S
Udo Met-Mast - 20,30,40,50,60 1 year
ERA-Interim 4.0 10,30,60,100,160
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ol#]3t x}ole] a4l Table 4-3¢] Ve 9% 1283 (Windographer) Z =&
Ao A= B, d|etrte] AXH 7]dEe] Hw A

AgE Ha 0038, Hd 0.178% 313, ERA-Interim®] HHA A5+ A4 0.0

el AFER Yy

55, A 00755 HolA & x}o]Z Holx| &gk} A u FAko] Ax
S HA 0259, Ho 0462 %, ERA-Interim® 24 0.064, i 0.065
zlol & HojAl ERA-Interim A4 dlolEl7t AP w2 & W}

A wredalA] Bl A o® AQzbE

Table 4-3 The dimensionless power law exponents at onshore

and coast

'y

Power Law Exponents

Data Point Location

Met-Mast ERA-Interim

Cheongsoo 0.388 0.065

Onshore Susan 0.259 0.065

Sumang 0.46 0.064

Shingchang 0.038 0.075

Coast Handong 0.138 0.065

Udo 0.178 0.055
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H 43 7|1 55 Table 4-4° vttt 71k 1d

grret=d 28= A

Aeel e % dHge

oj’doln, oA Ad=

Table 4-4 Information of Met-Mast and ERA-Interim data points

Distance Measurement
Loc. Loc. No Lat, Lon (km) | Height Period
M1 33.30°N, 126.20°E - 13.03.29
El | 3337°N, 12612°E 52 N
Shinchang E2 33.37°N, 126.25°E 8.8/ 80m
E3 | 33.25°N, 126.25°E 12.6 14.03.28
E4 | 33.25°N, 12612°E 108 ‘lyear
M2 | 33.30°N, 126.30°E - 07.01.01
El | 3337°N, 126.25°E 8.0 N
Cheongsoo | E2 | 33.37°N, 126.37°E 125 60m
E3 | 33.25°N, 12637°E 11.0 07.12.31
E4 | 3325°N, 126.25°E 6.0 ‘lyear
M3 33.50°N, 126.80°E - 11.01.01
El | 3362°N, 126.75°E 12.2 N
Handong E2 | 3362°N, 12687°E 98| 60m
E3 | 3350°N, 12687°E 56 12.12.31
E4 | 3350°N, 126.75°E 89 2years
M4 33.50°N, 127.00°E - 08.01.01
El | 3362°N, 12687°E 152 N
Udo E2 | 3362°N, 127.00°E 14.0| 60m
E3 | 3350°N, 127.00°E 40 08.12.31
E4 | 3350°N, 12687°E 74 ‘lyear
Mb5 33.40°N, 126.90°E - 13.02.01
El | 3350°N, 126.75°E 105 N
Susan E2 | 3350°N, 12687°E 51| 70m
E3 | 3337°N, 12687°E 93 15.01.31
E4 | 3337°N, 126.75°E 130 2years

(2) Eolo] me T w4
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Table 4-5 The wind resource predicted by WindPRO

) Free Mean Wind
Sites Speed at Hub Height AEP
Data |Distance Value Rel. Value Rel.
Loc. No Type (km) (m/s) Error (MWHh) Error
(%) (%)
M1 | Coast - 8.08 - 17125.6 -
Shin El1 |Offshore 5.2 7.60 59%/| 15513.6 9.4%
E2 |Onshore 8.8 8.76 8.4%| 18983.4 10.8%
chang  "p3 T onshore| 126 910 126%| 194081| 13.3%
E4 |Offshore 10.8 7.79 3.6%| 16244.3 5.1%
M2 |Onshore - 7.04 - 5620.1 -
Cheong El |Onshore 8.0 7.38 4.8% 6154.4 9.5%
E2 |Onshore 125 8.03| 14.1% 7584.7 35.0%
500 | E3 |Onshore|  11.0 798| 134%| 70808 26.0%
E4 |Onshore 6.0 761 8.1% 6544.0 16.4%
M3 | Coast - 8.05 - 17131.8 -
E1 |Offshore 12.2 7.75 37%| 163574 4.5%
Handong | E2 |Offshore 9.8 7.62 5.3%| 16141.8 5.8%
E3 |Onshore 5.6 911 13.2%| 20111.7 17.4%
E4 |Onshore 89 10.18| 26.5% | 224025 30.8%
M4 | Coast - 8.18 - 171195 -
E1 |Offshore 15.2 7.41 9.4%| 15153.7 11.5%
Udo E2 |Offshore 14.0 7.56 76%| 15520.8 9.3%
E3 |Offshore 4.0 7.64 6.6%| 15953.1 6.8%
E4 |Onshore 7.4 9.00| 10.0%| 19633.2 14.7%
M5 | Onshore - 7.16 - 59209 -
E1 |Onshore 105 827 155% 7524.0 27.1%
Susan E2 |Onshore 5.1 7.45 4.1% 6324.1 6.8%
E3 |Onshore 9.3 795 11.0% 6951.3 17.4%
E4 |Onshore 13.0 856 19.6% 7981.6 34.8%
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Figure 4-16 Box-whisker plots about the relative errors
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