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Summary

A wind turbine must be regularly maintained in order to manage a wind turbine
by a automatic control system. When workers perform a maintenance of a wind
turbine, it is necessary to secure their safety. In addition, they should try to
minimize the amount of loss while not driving a wind turbine. For those condition,
weather information are provided such as the wind speed including a power
production in wind turbine.

The domestic electric power market is bidding competition based on the supply
capacity of power generation companies. There is a difficulty in providing available
supply capacity for bidding competition, and the domestic renewable energy power
capacity is not proceeding to bid competition. However, since the manager of the
power market affects the power supply capacity of the other generation source as
much as the power supply of the renewable energy supplied, it can not be ignored
when the price development plan is established. Uncontrolled power production in
wind farms should be informed of uncertainty for risk analysis of estimated power
generation.

This study proposes a real time wind power generation forecasting system using
WRF model and provide variation information about power production forecast using
Monte Carlo Simulation.

The conceptual design and detailed design were established for real-time wind
power forecasting system. The conceptual design determines the purpose of the
forecast, the forecasting time, the forecasting resolution, the forecasting target and
the forecasting method. The detailed design consisted of hardware and software
installation, hardware performance test, WRF model optimization, statistical model,
and forecast schedule.

The forecasting purpose was the operation plan of the wind turbine, and the



forecasting time was selected as the 3-day forecast and the 14-day forecast. The
forecast resolution is 1 hour and 1 day, and the target is a single wind turbine,
Hangwon no. 3. WRF model, numerical weather prediction model, was selected. The
hybrid parallel computing(MPI + OpenMP) was selected in order to install the WRF
model and maximize the performance of the model.

The UV method, which is a process of decomposing wind speed and wind direction
into u-speed and v-speed, is proposed. The prediction accuracy of wind speed and
wind direction was examined by implementing the UV method to a regression model
and a neural network model.

When the data of the wind speed and direction are used without the UV method,
the wind direction was adjusted in the wrong direction only considering the
deviation. However, when the u-speed and v-speed are used with the UV method,
the wind direction is adjusted in consideration of the directionality.

The variation of the wind speed in the WRF model was calculated based on the
RMSE results of the AWS data. The variation of a power curve reflected the
proposed variation estimation formula and the variation of the air density. This
formula is verified by comparing with the measured data.

The accuracy of power production for the medium-term forecast was 180.32 kWh
for MAE and 245.61 kWh for RMSE, and IOA for data consistency was 0.71. The
accuracy of the long-term forecast was 4.28 MWh for MAE, 5.64 MWh for RMSE, and
0.51 for IOA.

The variation forecast of the medium-term showed a forecast accuracy of 76.7%.
The hourly forecast variation ranged from 58.8% to 94.7% during the three-day
forecast period. The variation forecast of the long-term showed a forecast accuracy
of 80.8%. The daily forecast variation ranged from 62.1% to 92.9% during the
14-day forecast period. The forecast variation of long-term forecasts was more than

85% accurate by the 6th day, and accuracy declined sharply from 7th.
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Forecasting)
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Table 1-1 Numerical Weather Prediction(NWP) Global Models

Global Model

Developed by

Global Forecast System
(http://www.emc.ncep.noaa.gov/index.

php?branch=GFS)

Integrated Forecast System

(https://www.ecmwf.int/en/research)

Unified Model
(https://www.metoffice.gov.uk/researc
h/modelling-systems/unified-model)
Global Spectral Model
(http://www.jma.go.jp/jma/en/Activities

/nwp.html)

National Oceanic and Atmospheric

Administration

European Centre for Medium-Range

Weather Forecasts

UK Met Office

Japan Meteorological Agency




20051, SVM(Support Vector Machine)[Kusiak et al., 2009]c] it} slojBHg= wd&
SARAY 7|4 AREEdS 23 RS nsith. dutA o g )X Rl A

didE HolHE HBoR FAED AT

s eloll A WS BEEo] SAIHY AdslE o] ot Prediktor[Landberg, 20011=
S RdS A3 dr]gr Al 2~"Hlolth, European Wind Atlas[Troen and Petersen,
1998]& 7Mdsles B¢ 4 APS wgoZ MAEHTL A RN T4
FTHE 2 T gHA AlEd BHA W¥I b mAReE EY54E AHE-SHY

ZEEYY SRIFES Zo] 1P, MOSModel
Output Statistics) modules 714X Ed A U2 F&537 FEFuolEd A &34z
AW 71 Rd e A2E dEE HAagn B3 VTR R A B AIE
2 Hgd uw RisoolAd siEd  Wind Atlas  Analysis and  Application
program[Mortensen et al, 19931 283}l t}. Prediktor= Californiacl| A 755 3L
A%+ MAE(Mean Absolute Error) 7]F0. 2 14.2%2] 2215 R FH o}

Previento[Focken et al, 2001]&= Oldenburg thatm oAl 7|44 2dS ALg&ho]
7H¥H3FA a1, Energy & Meteo Systems GmbH(EMSYS)olA 2%3ka. T}, Prediktor2d
A2E =48 FUHE, 713 xddd b 53 294 ud ESEE Ut
sty ARE Attt 59 Yol =R tigk NRMSE(Normalized Root
Mean Square Error) 7|02 °F 6%2] 235 HAHTH

i
rlo
o,

LocalPred and RegioPredMarti, 2002]<> Spanish National Renewable Energy Center
¢} Spanish Research Center for Energy, Environment, and TechnologyollXd & &S 2
MNEd 2dolnt, 714X R MMSE E94ste 72A17Es o B3t Axr 1+
o2 1 kmEt &A s17] ¥4 CFD toolg ZAgstath =3 ARMA 29, VA F
0¥t FARES =4k

WPPT(Wind Power Prediction Tool) DTU(the Technical University of Denmark)ell
A PR Rdz g FETAGA, g FETATA], 8a @ At
o] AF)E tdeE qRE st WPPTe 28RI0E 7|45 AEdoA drE b
olg| ¢} ZH AR A == SCADASupervisory Control And Data Acquistion)

3)

SAE ol &3 Y2 SHHFA 4

olrt

olE]|E dE3ln BA X9l conditional parametric model-&{Nielsen et al, 2000] A&



sttt EZE oE Ao FEZZY EHFE E=Yst EFEE Hrlsioh
WPPT2] o2 A& %= NRMSE 7|F2& 9 ~ 27 %2 YeltHCutler et al, 2006].

Zephyr+= WPPTe} PrediktorE ZAgsta &3k wHoltGiebel et al, 20021
WPPT¢} Prediktor®] &3S zdste] 748133, 3 713 Rd] o By
T ARgol 7Hsstd Prediktor®t Al FEEHGA| A 2EQlor BE HolH
E FHY & doH, WPPTY SAEYEE Zo] FPHEE FHH AT

Casandra=[Gaertner et al., 2003] Gamesa Energia, Barlovento Recursos Naturales,
1831 MOMAC group of the University of Castilla-La Manchadell Al &5 2 7fwtsh
B Alzdojtt, MOMAC dT&EoA MEd T8 73FARD S =UsHA L,
MOSE 7122 /IEd FAEZS F7l2 Ao FEAA 29S A=str] 9l
O 39 RYP0RHEH =EE THTAGAY FHIFAE o] &t dE P&

S ARFAFRIE 71FE 069 ~ 0.872 YERET

AWPPS(ARMINES Wind Power Prediction System) X gt2of A 73t o B Al ~E)
o] ti{Kariniotakis et al, 2002]. AWPPS& A

TR AEIIE F 10N 2EEFE =53 F HAR AU GRE F
gt A7) B SCADA dHolEleh 7| mde] oHHClEE st fuzzy
neural networksE a3t AH7|EE F T2AZoITt Al HAIZ Y] K] Ho
Ejof A7|dHe] HolHE ZAdste] HFHOoRE AHEHE AR npAHow
risk index uncertaintyE =3t AWPPS= ofd#: =94 HIRLAM(High Resolution
Limited Area ModeD®.t} RMSE 7|&2o.2 <F 20% 4% AxE BHoFHHCostello et
al., 2002].

WEPROG2 27}A1¢] wl =d-& *33tal QltHLang and jorgensen, 20061 ©i 64

Zulth 2eeloE SCADA HolElE HS3e] Y o3 Axde FUSL, 714F

HAZ AAE &4F st d7IdEE

Sipreolico= 2~ o)A Mg RE ZFHE WS SCADA ©lolE9 80%2 =3}
of 3" mdo|tiSanchez et al, 2002]. 9712 RS A&, RHEL 27)9



OFog BFEHQY A HA 15 dynamic linear model 2 ¥4& &80 g 34k
e ok mdolth F HMA 152 HES BEES Eyth 7 2] mepn

E]

1
o
ofo
ol
2
o
o,
[
32
o

rr

RLS(Recursive Least Square) ¢18]& == ZUdEHE
GH Forecasteri= Garrad HassanolA] 71t dB A 2®lo2 gz AFIAYS
Abgste] B4 Ao]ES] SCADA 2 SAtolE ¢t 7 d-A Rl HolHE &
5 EA AolEd AHIEEEF ABATHGow, 2003]. o714, 7fEH site-specific
model& 714X Rd 3 Alo]ES] AAAS EAR A&t £45t= mdott.
GH Forecaster= A44 Zd(Persistence model)ell vls 54% 349 =A== 88 H
=3

SOWIE(Simulation Model for the Operational Forecast of the Wind Energy

rulo
i)

Production in Europe)x= Eurowind GmbHolA 78 o2 Al~"lo]tiLange and
Focken, 2005]. SOWIEE= &z 22 =2 GFS, HIRLAM®] do]], SCADA Hl°|EH & A&
st} 5FF 4 Feisty F o B)7EE 1204 ko]t

EPREV+= Wind to Power model, AR(Auto Regressive) =@, NNAM(Neural Network
Assembling ModeD)S )-8 3| tHRodrigues et al., 2007]. EPREVE Z2&2W 7|44 24
%l ECMWF, GFS, Meteo-France2H-E Jw¥ TlolHe F= EdA  MMS,
ALADINS AF&3}31H

eWind:= AWS TruewindAboll A 7|3t md g 7|4 nd2Re 27 9 ZAX
o2 A8HE dlolEE wo} ForeWind NWP(Numerical Weather Prediction)& 33
oHBailey, 19991 E3h FEHEHGA A HXH 7|4 HOlEHE FASst AR
a8 /st AFSE BAIEE-S SMLRs, NNs, SVM, FLC, PCAolal, A& =d
of wlal 50% e A5 ==ATHZack et al., 20001

Visionpoint= ¥]=r WindLogicsAtol A 7|dél iz, RUCRapid Update Cycle),
NAM(North American Model), GFS2] Ho|HE FAZD ] & &3tHt Agd mde
SVMel a1, ¥&3 Szt AAAZ-S 48ttt Visionpointe "lE AMEE 7|44 R
E 22 ¥ REdS AEES st AHKHoE wdo] NAHES FA5UT NMAE
Z 1A 9B A= 5% ~ 12% 0.2 YERST

PowerSight+= 3TIER Environmental Forecast GroupolAl 7Rdst =dl2 743} 8
FAEE AR AR AF3t JeARd e SE S 674 SRE ==E



@ FELHGA, O FHLAGAE dHete Edo|tH(Precision, 2009). =

A AL HA 1 km7kA T80 HH, A =vl A7 9 km7kA] &
7ol 7hsettt. skAIRE, CED 71R e @3l 145 78 Akdo] H a3ttt Precise
Stream®] F5 2 OHE Rl Hle| BRAFANME T2 AFEE HAEH B A
== NMAE 7|&2.2 25% ~ 17%2 YEltHKelly, 2008).

Wang et al. (201D o|BEH kol thet B} =E Hrlste] ATttt AHEE 2d
<& WRF Rdlo]x, WRF Edoll4 &%= schemeol wet AolatA e Axs
S AYP LR FAsHY riskE 43tk Quan et al.(2014)e 3o o znk A
&3+ point forecasting2 risk ®4o] Q3 HARE A FsA EFOZ neural
network-s ARg3ste] W] Al FIHE Al FSHATh Yan et al(2015)2 FEH LA F
EO 3 BESFEE HU} He
TRt

Pinson et al.2009)2 Horns Rev FHEHEHAGA A 1d F< = HolEHE 7]4h
3}

b 3

ol

2 probabilistic, scenario, risk index® 37}A| =

¥ 34 AAsH7] 98l polynomial regression€ =3 AL, orthogonal fitting
methodE F712 =3ste] A st

FTHAAE oA 7|edTdoAA T8 dRrA 2" KIER Forecasters i
a9 oHKim et al, 2006). KIER Forecastere 2432, thE2A33)4, 243 F
T O BARIES =48, 714 AFse SAHAASE AHESATH
KIER Forecasters €ATA Y Y= 714EAR, 71449 33X 114 o1 Z&
KIER Forecasterel Al dr¥ F<& 2 dHdZFS AF3oh

Kim et al.2010)2 A|F=9] AWS AHES FHEAS Y 215S 4T & 49
TEE dRsteE VA OE 2 dsiA Addc Addd 2ade A

2, NAGQAS ALY, AABEYolx, A 1, 2, 3YA HolEES AMEst] o

u
o



Park et al(2010)2 71}FARAS o] &sto] AFEAdA &F T FHLHGA
FTES RS 3, T4k BY FEHEHAGA A AR HH o E 4847
E Fdsto 1247 oW 22~23%, 48A17F oY= 25~29%2] A& R
Foh Kim et al.(201002 Park et al(2010)7} AR83F 7172923 MOS(Model
Output Statistics)< ©] &3t 48417t T4 2 HHTFS dHHT I 7137 ol A]
+¥ U MOSE F7I2 =948t 243 B A AAAS7E 05302 Vet
AARAF7E 03002 YEbH. ol= 714 A AlE" MOS
o] o3 AL FUE FHERY YA A A "o Qi 7 A HAF
P & 2345 =&sith metd SYLATF dEE 9

& FHH<A MOS 2] 7ol Qs

Kim et al.(2014)& #<& o R r2d-2 AWS(Automatic Weather System) EloJE]S A}
g3t AP AHeE SARDS k-nearest neighbor, locally weighted linear
regression®} M5 model tree €ag]&o]ar, 1A7F ¢ko] 48 o R3IYT. o= 24
2 AHEE 2asS AR BE A 5 A5 @& 5§ B 24as°] WxE

5 i mdo HRrrt s B

Kim et al(2016)& THLHZFS Auslr] 98 HFE 7S A&t dEE
7190l =49 7R Rd e HolHES tFRY, g 9 6FFoIE &
FE AEEAD FddS mdd KMA-WW3e] F712 7|& ddage] =43
T Hn F5Y AEATTE 14% FdE AHE ==tk Park and Hur(2017)
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2. ANZ FHARAF B Az=H JIdAA

2. AAZE FHLAYF o2 A2H gL A

¢

AARE FELAF B A2EE P53 3 A WA GAR AMGEAE 73
ste] Fastth MAAAE ol 52, R AR oi SAE, ol W, d R o
Fog FAAT B AL 49X AT ARAE TRY AUMEE &9 T 2dS
2SR 1 e B FA, dB ARE R AR, oOH U, dr
2 A9 o7)A, oB AL R AA 712k gt o W, o
7162l S AA| o AZFE 24AZFO0.Z OARE] 24AM7HA] ol B Ho|HE ¥
Fgol 54 Foh oR Sd=EE Az or 7|7t B VAAHRE AFEE A

il

{

21. 7|AI- 7;|E|:il

Automatic Wather System), F-o](Buoy), &4, 714&=A, 714 dold, goleE
H & AT 71 RS 2AR 7Y Egdds 7R PARAAE FAE
A3t do g WA Jhedt J|SHE o Eetifigure 2-1). A71A, WS Al
71913 FHAFEE o] &3t ARt AMtE FRY U TS w3

FH 42719 CRAY XC40= +9Fsta o, 7|3sARde IxolM dd

_‘I‘I_



« FR|RES © i

A Mel=s FHAR

/i\' m‘; R ;‘5
2

HAS HMol?] AT
HAFEHZ X2

4s 0

Fig. 2-1 The concept map of the numerical weather prediction model
(reference source : http://web.kma.go.kr/aboutkma/intro/supercom/model/model_concept.jsp)

UM(Unified Model)< AH&3staL ot AAFE tdoez 334 == 10 kme]aL,
03502 FAst 3HF 43]o] Z2A 12¢ 5% dEARE AFdth o=
AAT EH ARE=H F2E T Atk Aol Axdoz2s FHYET} 12
< 0522 FdsHA FASNT. sHF 48]0l 2A 874k o 1At

BE AT ol ofrlol EHE dRst=H £HE Fi dth AR Al=E

ng3Fa S (US Navy) 449 FNMOC(Fleet Numerical Meteorology and
Oceanography Center)= A7 Z@<Ql NAVGEM(NAVy Global Environmental Model)
< 93t Utk NAVGEME FH|A =7} 37 kmolal, 35L& 507502 T4
Hom F 18043e Rt ot wl=ds= FwH(Air Force Wather Agengy)=

_12_



2. ANZ FHARAF B Az=H JIdAA

| LFM|
& MSM

Fig. 2-2 GSM, LFM, MSM domain

(reference source : http://www.jma.go.jp/jma/indexe.html)

F2 AYgrdg A85E WRF(Weather Research and Forecasting) =28 E<3}¢d
EAAYE ez JddRE £t Utk NOAA(National Oceanic and
Atmospheric Research) 4Fs} a9l NCEP(National Centers for Environmental
Prediction)& A7 ==l GFS(Global Forecast System)® @S 43&ta] oF 50 km
o FHIAFEE Ze 7IEARE At AFsta Ut o] GESEAAA AAAEH
drAEE GFS A5zt F23 glon, A AAHSRE FIP AHE B3 F33ti
At AYgrdzEe nIFERAYL o RB3= NAMNorth American  Mesoscale
Forecast System)& 12 km7bA] A EE %o £493tn gtk =3, RAPRapid

Refresh) =g 98t 3lom], RAP REe AR 7% dolEE A5

Aol 3 km FHHFE] dEASE AFsta Yok

%79 A EJ(ECMWF, European Centre for Medium-range Weather Forecasts)
< 18/ YA FFoz £93ta A& VB E JAFARDE o] 83te 7|
< dFete 1ot ECMWEA &9 &2 713sA Rl ECMWFE E8H
4=+ 79 km, 3lkmo]x, FHFE 6071F, 137502 FAHAY A&Ho=

welo] 4% AT 9lom, 2020350 ERAGS Zulsha gk

JMA(Japan Meteorological Agency)= A7+ =@l GSM(Global Spectral ModeD=
AREStal o GSMe 3313 =7 oF 20 kmeolaz, 2% 0.01 hpaztAl 1007] 5
o7 TAHUI, F 264439 oBABE AE3T Ytk GSMolA AAE RS

_13_



Table 2-1 Numerical weather prediction model in counties

Model Agency Country | Resolution
Air Force Weather
WRF 45 km, 15 km
Agency (AFWA)
Fleet Numerical
Meteorology and Global model, 50 km
NAVGEM
Oceanography Center Forecasting time : 72h
(FNMOC) Us
Global model, 50 km
GFS
Forecasting time : 240h
NOAA National Weather
North American, 12 km
NAM(WRF) Service (NWS)
Forecasting time : 84h & 36h
RAP 13 km, Forecasting time :
79km, 31km
ECMWF ECMWF Europe
Forecasting time : 240h
10km
UM Met Office UK
Forecasting time : 144h
20km
GSM JMA Japan
Forecasting time : 264h

_14_



2. ANZ FHARAF B Az=H JIdAA

Hlek o 2 MSM(Meso-Scale ModeD)¥ LFM(Local Forecast ModeD& =13}
=7 A7 5 km, 2 kmelx, FFFE TR FAHHUC.
Office(Meteorological Office)o| Al +¥3sl U= UMELS =45t 9lon, F=H3)
e 9F 10 km, 252 10522 FAHAT

GFS, WRF= ®9 9] source codes 70stal 9low, ECMWFS ECMWESF & ofe
ol Al source codeE F/Nstx At} UM, LFM, MSM& source codeE 3 703kAl &
AL 9leh GFS, WRF, ECMWF= ZdAA 2 o= ShitstA o+ 3 82 ARgE L
AL AR AFUEZE &3 gl Q)

2.2. =2 =X F o= Azt

5
A THLAFY dr Fae AA 2 9, FHEH Ao, AHAZ &
FARF AY 5 gokdt 228 Fu JtHung and Broadwater, 2014;
Tascikaraoglu and Uzunolu, 2014; Okumus and Dinler, 2016; Kim and Hur, 2018]. 4
AlZE 2YE 9 AER Faal AAFEHE AHHoR FAHES #HE
stedl, YN A S5 st wel 28 HEAdol FA%eR o8 UnHd

B HolE7} Hasitt of7]d AP Adr= 2YE S-S AHste] 2H7] dE

STHEN S g om 2] i Ao R AolE . AojsteH BaF
847 IibHo g F&I 2H &£Xolth o] 84EL WA AH S EH Ao
o By gro = dojd Bl AdHld tsid= AlofstA Xt ol& &) dE

g &l dsiA dhHg = 9l

Hog ¢AME 4 ¢rthHolmberg, 2016). o] EA o] RIE = o B AL 2443 ©]
W RS 2787 W&o 297 dRrdAM @r|drsAE daHn

e AYARe BHIANA HEP BHASY TFNSEREL vgom

_15_



VgrARd e o83 T 3 HWETAS 13 IHIHY B

inss
b
o,
o2
i
29
o2
P,ﬂ
=
X0
o
k1
ofo
MN
ol
DN
()
(an)
=
e
M
offt
>
e
=
[N}
S
()
e
s
rlr
ri
re
3
o
fru
s,

sof st=dl, FHEWA A5 v A=

N Q7] WEel AARAAY L ST W FAE G 5 gk o8 Sste] FHY
dlo] WAF clri AN Bad gurt B cHolth ALAReIN 7

= BAFY RIS BRAAGN MG A A 4, 2000S st H4 24
AZEOl A 3447t HIolE7E B ot ol T MHEAFAA dEAPRE AL
B D7l E e F|IQEE s dEAPEE AP oF o

FHENL AA AA2HE B3 A7t BAHAH £AS s Azolth B

2
N
N

i)
o=
et
o
o
to
=
=
=
X
et

sl
i
ol
ol
(g
>
ol
N
il
ol
ol
rr
=
ol
N
et
i
o
fri
=
)
N
il

Ao £ANG HEY 5 Qe QAR AST 5 U GARS AL F
o g e WL Suay] 6 4717 Aol Weaw, nedwn

=
B 2-3d0 HFHAS € ¢ e TF 2 LAY oH dHolHE Zasy] dEd

2.3. 0|2 sHa= 3 of=2 CHa

_16_



i A=E HdAEA

FrobA|aL, o HAZko] Ao, o K

Ao}, dB Azto] HE

o

o}
Gt

-—

B
Hjo
)

e dEAEE o7 &

17 goms B

5]

8

Hoel7t Wht el =

o
%]

)A

e

Ho

&

%
)

AREE BAE 0 AHEEH, 19 A
o 2

]
=

0

1

RIS

]

=]
=]

Ho

o
‘mﬂ
e

—

el

%

ojg}a & 4

L.

1

At & ol A

<
T

2972

9

Ho

0

"
mH
B

)

o
i

i
o

ol
4r
Hlo

,W-«O

p=t
=

o

Aol Eol o3 3

o
2 71232 293} CFD(Computational Fluid Dynamics)

]
-17 -

A
all

3l

)z

o
A 21¢] Navier-Stokes Equation

H}

]

slojo FRaAnA] QA AL

gk

3

—;:__‘L_
2= 9lthHer et al., 2015).

=

1

9
73 H HolH = %

SARAGA AN AE KA,

R

o

|

&
1
2l
HAAGF B A~

| Y

]_
3|

MELAAGAAA B O]9
Z
%
o

[

2 gHojop & dA oIt} B i

2.4. o=ty

T
3

K



© i_ X ® N -
P2 T ® 7 o N
I s T o N ™o
w_m E®mon M - mm < A o = %
.o T T I mp < o O oy bR E " 1r
Koy M Jo > H WoEom o os o N = B OF W I % P

A Mm__ = T e ER ) o o = T o il uﬁ NN B 2 e M
—_ i — 0 " T O o o < o o P 0
S o ™ ) ™ ) 1_.__; o R X m_u do N T = ‘\w]a Jo Mo LE o Mo ) _m
zferl wgrc cFFPEisATEED 2 -
FrziE cEog TPifsiiiziy FECC
o) ! ~ o . - A 0 .0 ;
oo W N Do Moy o o o o B T = 9w
B o< _ = o S = B

- M T o) o U o}J o R No T KX B o= % w A ™ P Z
= H T om o %4@194 ,aﬂly%ﬂ%ﬂﬂ, w o Z D
X X0 2o Moo X o o o ¥ 3 o o X —_ = =
YA w2 B/ — o M = .o B P o X = BMog g
=) =0 o R N o __ (- e N o o = T o= o = ] HoR 9 o
o R gy w I L= I Eﬁo%lglxlo ay o= R
Sl - < @ﬂﬂ@m_oaqqﬁ.@)l%LM%

T N q%%%%% oW o boE o S R <

o & B W i W % - o KB Wy CRC S S T N 8 o
= P o W oo g A T S x ° < Hd 9 P Y AR T 4 = =
D Jo o i = oo o SO TR R 70 - = s < 5
N = F N W oy ot S R L = oar | © < o i
S8 -3 Z m_ﬂ?%,m%%mﬁ7%ﬁMaE_eﬁr2aﬂ
5 g O 4 T x P Ny = £ X o ® > b = o g WoH g o m
Lo do T i W o= = ° 3 N = = = K & X ™o § .
0 — - Xr = ‘I.Vl H;E \.ﬂ Bo < JE.E — o< N — 1__1_ I~ an/. &0 o =
8 TR T OO N @ = SR G N B o N g 9 =
S 9 o T WG I T R = B 7o Lo 5 o o D = Woog oo
= ° M7 = o T 2 0 5 o =™ o o = o g s DE @ w
woe ¥ RO oo o9 R ) T =) NS Tz S o
i %] ~ — ~o _I_ oo T X - . . Bl = % 75 D‘* —_—
s & Moz g T 5o 38N o o OMom W -2 T P b= "
< - ﬂ@mo,@#%m gy HooE T2 h = ¥

BT B/ A o E o 4 = < 8 N N T 5 9 ooy W
_dﬂﬂnoa_ %L_Lmﬂofe_a%%ﬁﬁzb z 2 m,r:_amuﬂaaﬂ
w m 3 T %oﬂdli(éﬂl}c@_ g X A
= mo B Ao do W o X (o) ,my 3 N ﬁw S K o Ho& ﬂ H o= o
! jo - ~ = < W —_ W 0 X
R X o M mo R x 2 Tm NTORT P — = -
o P = < o W R How N o= od X o W oW 5 N
= o X ~ g T oM e = N B = 5N < M M o= 2 -
E R e I @%ﬂ%@%A%%wmwzm%gi%ﬂ./.ma
iojmif:?; f_a;mawjiy
o X T o N g o WS G S g < B oo
oF o of o R L R ™ X D o - int T — B &
o Froow T ow N P R ) o ol o ne 808
VI R X T o B 0 = o= IR ) of ® = % <
o o = H v % = = =g X 27 @ o P <P
T W Jo ol N " e 0T 2 oy Mo S
VI E._o pre ™ N m
DR 5w o Moy S
T F® S

- 18 -

grdel 28
o] Ag7t BARGY 7ZARE Hol A



o B Alz=H JdAA
ZA| & figure 2-39

3L

st

ZM

iz

A FEAE dB A" JAAAA AN EA

]

<

2.5. O AI2E] JHEAA

w&ol ot

T B B o o o T W T oy = N OB T S
BT B " T o oum & o e o o ' oF — T
o B H R BN ®ET W B 5 kg
S NWE o @R e W
S B X oHo . o 5 =
) o] (A I o W Koo o% o R
EA m oF o) E Moo B W ™ o B - W i
o T W g = wﬁ o v 4o TN o o
.- — r o — 3l — < o
ﬂ@omawo.n <ol dog T N o B R T %
& o = T wm e M ﬂ i F o T E
- — . ) .O
2AY S oE 5oH e F oo o B L W » g
T o 7 A N B = ooy * oA MR
T o= T o A o X ol = 5 T o X
e I i ML ) E._ o W ow N g
- oF Wo A G~ oy ol e e R T
Bo ,Hl, mrL < - ma =0 ,_._mo " P _l_ ,U_WL 0o ) 0%
o 2P op B Ww oo I I
T o o Ao T — o o~ 'Y
ox ow ® mewﬁﬂ Sowmow g o
w‘ w O o e Lw 2 M = W o o o
Mo e o Boay B ESlC i
= N = o ® 7 g ~ w KA T T
.V OC — (R o ~o me — E._ ) L. ,DlL
<~ K 0 WX W o ™ A o —
o X moE N R 7oA N
TR oW o5 = o M 7 R S N T U R
ol o X2 N o E oMo - B oo "oy X
- 3oL 7T o 7 M S N T - < oy
reTE . TSz ToETEOT A
.o Mo B o W = mp o o o U e
H._ ,‘mi ﬂ — a “% ﬁo \A_x) ﬂ ‘,WL \@” @d ﬂwn _._.L _ﬂﬁ X ,:.A_.O
T R mn_ s R oy T om — b T of & o ® W
D T e s T oy g
oy ok o) o & Ul Blo ]| N W T W
o IE = o oo ¥ K wodoH G
wﬂ il R . plo wﬁ Mﬁ =% = = T e ﬂL 1 K wm
imwﬂ%.xﬁ#mﬂﬂﬂMWﬂ_ﬂmﬂx
IR R T A X "< np ~ o W
(U= S T I w o N - T W R WO ¥E T T g

=
-

ol )
9

-

s

A

(<]

soF 1

5

aL

o

ARE A

1

T

st

9

4o B AR E AF

_19_

3l gorE HA sec GYE HE o] W3l

S



of thulsl ok
He EYRY, FAERY hybrid 29 37H4] 3 S 25T AMHIHS

(<]

JHEA &

(e}

o)
L

=y

ok &

S

Ho]'

B

|

o

ol
=

Tk

o ek SARES AR

]

»A
Ty

S

ARkl A

7

ekl

=k}

A

o] Ko

7] o

HAl 71784 Hsol

S

2%

o o=

3]

9] spinning timeS ¥

2

2

t}. Spinning time& &2 =& of A

t}. Hybrid

s

CIRaike)

[e]
e

23 A

o] & & SQltifigure 2-5).

favs
&

of
o

&
B

&

X

o|J
~

of

N

—_

U
I

71 BEE 3 ©]

o

fue!

Foha g

= 7] B71R BQS

]

H

|

o

e

ol

)

1Y o]uiQ
o opE R 1¢

1
L.

g, °]

=l o) or A7}

A 71

=i
=

o] Fof W3t¥= 7]t

]

spinning time W&ol 19 oW FoAlA = 6A%F o]} oK ATkl

B} A

TARDY el AAA KA

o}
19 hybrid =2 o]

S

L=
.

7] e B

3

Hgtaitin

g sastnn

e o

2 4

A1

= ot

el Aol

| tH(figure 2-6).

o
AA

==

e}
AA

PN
T

(13
=

A== ARl Ao

<
T

242

Zdy

el

=
5

—_
o

JJJ

0

¢+
!

<

Ef Rl o A

T

_20_



i A=E HdAEA

A

=
T

oAk whebd FHRATA o

4
,:Axﬂ

o
P
file)

o}
et

—_—

T
Hlo

fie)
o7
o

Hlo

Ko

~

k!

—_—
file)

7] e Bl A gtsirar

)
N

2=

o]

%

Ao 7E =i

at7] fsiM 1 ol

S

oA Brke F59 MsAds ARl o]

™
i

9]}

e
N

7] o Ko

[l

3L
1

L.

st

°

1

L.

< Aso Aojy

Aol Zole] £29e A Hu
ol frE B FHAATANA 53

dolA AFT Z=A| 20} o] FARD, ==, hybrid

o5 52

1 o}l T REE 149 oWl AT7|AEA TE

10

o]
o

‘N-O
o

R=E

=
=

AR

Njo
B
o

3

O HFHoE @R

oy
o

1

T

ol A]

3
2

| —

Atk meEtM FHER S S

PN
T

AN &9, SR

T

T

A7 B A7 B7LA] Tkt
ojof we} TrdRr

il

ato] 7o B

djo
K
il
oF
vl

N

|

=

Ptk S71dEs 4 @9

S

o+ A 7

o

_2‘]_



B

ZF

o A} o}

ol

ey
o

file)

&

il
-

N
Ko

Ar
Hlo

o

E]'. Ctﬂ_H;_ HJ'HQ]% %‘7:"3%1_, %\ﬂl{@_’ hybrld A=Rel] = iH%‘O] 7]’%‘?‘5}1 %_7:“51

7] Kol A

Ia, Bende F7)enel Ar|dud AHeshs

nox

o FA4

)
o

w

]_

ST

2 74
2 A4

o]
T

a

Atah dRrR7|ES F7

A

d

=3Ag =

LI

<9

of

SRR

T
| .

EEE R

X

_22_



2. ANZ FHARAF B Az=H JIdAA

Ol Azt

« ZEEH| 0| E(~6 hours)
+ CH7| Ol £(~1 day)
« 37| Ol E(~3 days)

L o 7| 0 £(~2 weeks) - —
3 e X ofl 2 SHAtc
% ’
. M7t a2IE 29 ke
. ZagHl xof : i E‘é:
. HEAZ 2% s AT
Zeiely 2@ e
(x2S USES) =
7|5t 25

Ol £ CHe

. Boay :
D el . Go Eag
- sojzals oy T e

+ 7IEt CHE EFXIHE

Fig. 2-3 The conceptual design of a real-time wind power forecasting system
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3. WRF &< 0] 83 o5 A28 AAAA

3. WRF 24 & o] &% odr Ax" GAdA

3.1. WRF configuration

311 WRF 29 74 9 43
B AToME dqrIEeR Erdll MAdFARDS AR 7T g
AA 7174 78 F FHLHGF JEEoFAA o] &8&H U= WRF 2Es

AAEAY. WRF 2de = F@7)4dA74 NCAR(National  Center  for
Atmospheric Research)2} NOAA(National Oceanic and Atmospheric Research)4ts} ©
A 7 H3H =4 NCEP(National Center for Environmental Prediction)oll A &%
S8 WIS VST ARDEAN A8 o2 NCEPIA &850t

WRF =&l2 o3hs AEsts ol web ARW(Advanced Research WRE)9}
NMM(Nonhydrostatic Mesoscale Mode) 2.2 EFE T} NMM Foj= NCEPo|A 7)&s}t
of FE2 =AY AgstA HAAHIL sk i, ARW o= NCARoIA 7id
sl MEAS HoF1 okBernardet, 2009). ARW I E AREE ¢ WRF-ARW
g 28, thA 2 WRFg1 o4 28t

WRF =g Axg 340 WPS(WRF Preprocessing System)¢} =4 FIITAZ
TEEH WPSE 714AE 9 EXIEAE, APAE 52 WRF 2o Az 4
AT F AEE AEES AASE FAFolth. WRFE S5 REEH, AT =

oA dEHI A5E T

=2
B

A A 4 FH9E fJFEE Bl st 2Y
oty WPSAlA = T2 HAF BRAA B 73AEES B4RV 443 79
of gt FE Pt Aol & 4 U

71425 O 8 A5EFH =24 GRIB(General Regularly-distributed Information
in Binary form©.2 Eg#th GRIB Z#-& WMO(World Meteorological Organization)
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WRF
Terrestrial
data

WRF Model

ARW Model

N —

Gridded data:
GFS, ECMWF, etc.

Fig. 3-1 WRF modeling system flow chart.

of o& EEslE TWHoZ WRF 9% GRB ZWg A&t YA, AsbdA o
A= NetCDF(Network Common Data Form) Xelo 2 Alg3to 2 25 o] I
ojtt. o] A7 W&S WPS GANA Fqsl Fa At =3 7| 3AESS A PR
AGA A E 2 25 AES 7137 oo s WPSolA A gt
WRF modele] @AM = real ©AS ARW model ©A7F £413th. Real @A=
WPS @Al A Aed 713a5e A¥AEE ARW model GAGAM mds F3h
F AEE =27 A9 AA ASE dE HFHo=2 As5E AAAFE DAt
Real ©AlA AAE %7] 2 AAAZES ARW modeloll HE3ste] HFHo=Z

|
S

rr

td

WRF =mde] HXE 9&f AHgEe ZelBdey 3ds Ao 47 o
NetCDF ZZ 13 o] tjxZ2l oj&A ZZaolt}y, %3 NetCDF ZZ 138 d X35}
7] $lai A= zlib, PNG, JasPeroll Al Al&% = gtolBejg] o] QFO = o] J7}A
T2 T AbH] A Eojof iy B HHH-S BE(appendix)ol 3 FESFA T

B Ao A AHEE compiler= intel compiler 12.04¢]3, NetCDF 4.1.3, WPS 3.8.1
WRF 3.8.12 AX]= At NetCDFe} WPS, WRF= Y3 compiler2 FA%4d F3
st Atk webA intel compilerZ oA T2 IHEL AX| AT

A%+ dlo]El(Terrestrial data)= 1= A=, 4& AF7, EY A5 55 *3

o 1% ARE AYARHLE By Ao Hol§ TAL AEE v

(U

ol

f
o
>



o] &3 dlE Al2HE AAEA

o

3. WRF =4

Table 3-1 IGBP-Modified MODIS 20-category Land Use Categories.

Land Use Category Land Use Description
1 Evergreen Needleleaf Forest
2 Evergreen Broadleaf Forest
3 Deciduous Needleleaf Forest
4 Deciduous Broadleaf Forest
5 Mixed Forests
6 Closed Shrublands
7 Open Shrublands
8 Woody Savannas
9 Savannsa
10 Grasslands
11 Permanent Wetlands
12 Croplands
13 Urban and Built-Up
14 Cropland/Natural Vegetation Mosaic
15 Snow and Ice
16 Barren or Sparsely Vegetated
17 Water
18 Wooded Tundra
19 Mixed Tundra
20 Barren Tundra

EAgE EXol&E(Land Use)A 2% B AE9 FH(table 3-DE Wi, EY
Ases B H(table 3-2)2 ekl 50t WRF REA = A4 HoHE
71RO Z A& st Atk SHAIE st} st FYl tigk A AERE

BRI oW WRF BholA Qiejo] /5@ 2o udkste] 4ge 7Y o

2 AAzACE 2ol NAAARE Uit
NFARDEe 27 D AAzA wel dB A3l dolshA dEhgoz NWP
datai= AF3H AAHAY, FFE md2 FASE Zlo) MY qrisR
AFgo]l b5 ABE GFSS ECMWE ©lolElo]th. GFS: m|= NCEP7|#oA Z3
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Table 3-2 16-category Soil Categories.

Soil Category Soil Description
1 Sand
2 Loamy Sand
3 Sandy Loam
4 Silt Loam
5 Silt
6 Loam
7 Sandy Clay Loam
8 Silty Clay Loam
9 Clay Loam
10 Sandy Clay
11 Silty Clay
12 Clay
13 Organic Material
14 Water
15 Bedrock
16 Other(land-ice)

st lom, FHINEE 1.0°, 0.5°, 0.25° 2 3 T/F7F L, A EE 3AIZE
o2 AU BV AFHL Yok FHARETL 252 AN LT} Fo} 4
G} dolee §@ol F7hshe] NCEPoIM The2=g

A Ao ol FHLAY dE Azde AAeE 29T

Edol el wE dr FErel Addd Agtolth. ECMWEE dB A2 S 102744

AFHD Jm, FHAFEE 01° 2 o 9 kmol AFHE AARHol LAYE
2

Agsta glonz +9 P £45e PN BT AEA®E Agsa Yot
54 Fou A4 A%

ol
G mE7b 2heA AT 5 9l

v

_30_



3. WRF EdllS o] &3 ol A28 Al HA

wet g ¢ Jdon, FE B thido] Tt wel dedn. b o= km
A e dFEEAURE 42 7Hg38k= PBLS =3k, km o8kl m #2E
FEFAUAE FAHsE= LES(Large Eddy Simulation)& FA3tth LESE 2838 7
T+ FYENY olAA A ¢ 300 m(EHOlE AES 80 m, Bl o]AAYE Edo]
A5 3ME M A-U)E F8E 4 Atk PBLE HET A 1
A 74 & Atk okFAAA FHE 71dFAEDe] km R m TR AfelE
grey zoneolZta Ea]1 1, micro-scale7tA AR RE B £ Y=
A4 X8 FolthDoubrawa et al., 2018).
Giovannini et al.(2014)9] A+ZA o] w2 WRF 2l Z=vl9]

PN
T
5 AT AN Fo] B HRs FohHS &+ Utk 53

o

B dTolxe WRF 2d9 sHdEs A HA =ddD0De 3l =s
24.3 km=Z AAstA 519 Z=WlQd F HA Z=dQA(D02)-2 8.1 km, Al HA =<l
(D03)-> 2.7 km, ¥l A =w<1(D04H)2 0.9 km= :r“éa‘}i‘:}.(ﬁgure 3-2, 3-3) 0.9 km
7HA AR olfrE AR o] @Y FHENA A5 Y AR ¢ FHE
ol AAT & J=F FAs7] Aot =3 FF LESS A &3 FHaF4= 100
m7kA e etr] 9% Aol

WRF 2de a9 =dds 7435t EvRle] s34 EE 2dsiA 743
downscaling 71®(Lo et al., 2008)2 |
guideol] ojstd A9 T=mQla &9 =wle]
At o= &8t 0.9 km¥FE 3ujY Frlsto] 243 kmrt =& €tk 24.3 km
7HA BARE ol AE® GFS 3ol 1° kAo = oF 50 km= 45 Sl=H
GFSe] Azt 1zke] A WA =HQleY Ve E8HESR FAst GFSY 7134 BRI}
AAE] AAAESE FASEAT. =3, o] AARAA FA8HA B2 A=
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km, Al2 1,701 kmo|t}. 89 EwH)le] Axss 49 =y A7 70 X 70&
2 T8kt
WRF 2do] Fasd=s 43717 57177t A2 71388 E 2 wshsr)
s FAsloF gttt WRF user guidedl = A EE 1 km oJUl2 FA37E
Z I Atk ol WEEEty] fal FASIYEE 1 km o2 TSt HAZ I
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TES dRs] fElA FHENY sHEolE FAT FUlET ol&
g8 FHSolZtal A, 0 m ~ 150 m74A 10 m HH o2 T4 o] ¥

3T
o
Ae A ddEem 2A-sts 3 MWHE THEH S A =ol& EFste £ol9]

ofr

_32_



3. WRF RelS o] &3k o & A2=H Al EA

Fig. 3-2 WRF model domain D01 and DO02.

D03

Fig. 3-3 WRF model domain D03 and D04.
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3.1.2. WRF 249 9] scheme T4
m) Al &g (microphysics) = %571, 78, 25 AES As|dsta, A& &3], ¢

& & HgEs 85 78 F Atk ol Add mAEd wet 1¥EHe
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Cloud water Vi ANAN Cloud ice
AQ
&

Graupel

Praut, Pracw, Psacw, Pgacw

Praci, Psaci, Psaut

Psmlt, Pseml

Rain i Snow
Piacr, Psacr

Fig. 3-4 Flowchart of the microphysics in the WRF Single-Moment 6-Class scheme.
The terms with red(blue) colors are activated when the temperature is above
(below) 0C, whereas the terms with black color are in the entire regime of

temperature[Hong and Lim, 2006].
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3. WRF EdllS o] &3 ol A28 Al HA

Table 3-3 Summary of microphysics options. *Mixed-phase processes mean that

results from the interaction of ice and water particles.

Scheme Number of Variables  Ice-Phase Processes  *Mixed-Phase Processes
Kessler 3 N N
Purdue Lin 6 Y Y
WSM3 3 Y N
WSMb5 5 Y N
WSM6 6 Y Y
Eta GCP 2 Y Y
Thompson 7 Y Y
Goddard 6 Y Y
Morrison 2-Moment 10 Y Y

ol o A FFE 7Nt ®E Addnh. WSM3S] A4t Axk+= Hong et al. 2006
of 7l&=o] 9tk WSM5 schemes WSM39] ice schemee} Hls=stth. 18}, +3571,
H, &, 78 € 75 Tl il Y AE & wdE wiAHo] SlojA Ayt
7} EA)38F= schemeo]tiHong et al., 2006). WSM6 schemes= WSM5 schemeol A
AekE(graupe)S F7HeE 4H WA oltifigure 3-4). T2 schemeES Ahes I

A W &(Lin et al, 1983) Ar&3tA| 9l U3 d(ice-phase)o] WSM3 schemeol 4]

BE 24 F3 Agheo] "olAe £5, T3] 58 438 Y& g7 2 73
of g AaE F71stH tHDudhia, 2008).
WSM6 scheme(figure 3-4)ollA] Graupel terme €%7F 0C ©o]3tY A% 2(3-D3

i, 2574 0C oY 4 4G-2)9k £

(ep)

Sg = Pgaut + Piacr(1-¢63) + Praci(l1-03) + Pracs(1-0,) + Psacr(1-¢0,) + Pgaci +
Pgacw + Pgacr + Pgacs + Psacw + Pgdep + Pgfrz (3-D
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2 EYHEAe Y
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2
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_ { qRanqu < 1074k:g/k:g)
0, otherwise

(g < 10” "kg/kg)
O otherwise

Sg = Pgacs + Pgmit + Pgeml + Pgevp (3-2)

Snow term 257} 0C o]std 7% 2(3-3)3 £, 2571 0C o]dd A% 4

(G-4)9F 2t}

S¢ = Psaut - Pgaut + Piacr(¢3) + Praci(é3) + Psaci - Pgacs - Pracs(1-6,) + Psacr

(04 + Psdep (3-3)

Ss = -Pgacs + Psevp + Psmit + Pseml (3-4)

Rain terme &%=7} 0C olstd A$ 4(3-53 23, =7} 0C oY A% 24
(3-6)2F 2.
S = Praut + Pracw - Piacr - Pgacr - Psacr - Pfrz + Prevp (3-5)

Sk = Praut + Psacw + Pracw + Pgacw + Prevp - Psmlt - Pseml - Pgmlt - Pgeml (3-6)

Cloud water term %7} 0C o|3tYd A$ AG-NI Za, 2571 0C oY 7

$ AG3-99 2,

Sc¢ = -Praut - Pracw - Psacw - Pgacw + Pcond - Pihtf - Pihmf (3-7

S¢ = -Praut - Pracw - Psacw - Pgacw + Pimlt (3-8)
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Cloud ice terme 2%7} 0C ©J3l¥ A% AB-934 21, 2=7F 0C o]

2(3-10)s+ 2t}

SI = -Psaut - Praci - Psaci - Pgaci + Pigen + Pidep + Pihtf + Pihmf

SI= -Pimlt

714

Pgaci :
Pgacw :
Pgacr :
Pgacs :
Psaci :
Psacw :
Pracs

Psacr :

Praci :

Piacr :

Pracw :
Pgmlt :
Pgeml :
Psmlt :
Pseml :
Prevp :
Psdep
Pgdep :
Praut :
Psaut :

Pgaut :

AHEE ofole T3

Production rate for accretion of cloud ice by graupel
Production rate for accretion of cloud water by graupel
Production rate for accretion of rain by graupel

Production rate for accretion of snow by graupel
Production rate for accretion of cloud ice by snow

Production rate for accretion of cloud water by snow
Production rate for accretion of snow by rain

Production rate for accretion of rain by snow
Production rate for accretion of cloud ice by rain
Production rate for accretion of rain by cloud ice

Production rate for accretion of cloud water by rain
Production rate for melting of cloud ice to from cloud water
Production rate induced by enhanced melting rate of graupel
Production rate for melting of melting of snow to from cloud water
Production rate induced by enhanced melting of snow
Production rate for evaporation/condensation rate of rain
Production rate for deposition/sublimation rate of snow
Production rate for deposition/sublimation rate of graupel
Production rate for auto conversion of cloud water to form rain
Production rate for auto conversion of cloud ice to form snow

Production rate for auto conversion of snow to from graupel
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Pgevp : Production rate for evaporation of melting graupel

Psevp : Production rate for evaporation of melting snow

Pcond : Production rate for condensation/evaporation of cloud water

Pgfrz : Production rate for freezing of rain water to grupel

Pimlt : Production rate fo instantaneous melting of cloud ice

Pihtf : Production rate for heterogeneous freezing of cloud water to from cloud ice
Pihmf : Production rate for Homogeneous freezing of cloud water to from cloud ice
Pidep : Production rate for deposition/sublimation rate of ice

Pigen : Production rate for generation(nucleation) of ice from vapor

=)
Lo

e
1
>

U Z(albedo)ol] o] &3ttt AIEALE FE AWOZRE EF 9 FFHE
AUAE nHsta, EHO
WRF %9e] 774 % PBL(Planetary Boundary Layer) schemet: th7]|Z¢] 4243}

T

< T3l schemeo]t}. ®=3F surface layer$t land surface schemeZH-E| surface
fluxesS Al Fgtol t719] 25, FE(FE X3, % % (horizontal momentum)
Y FFe HA 7Sl tsiA 1H3

WRF 229 PBL2 AAZ =o] hE AG-1DE Fozt.

o
H

0., U(h)|?

h = Rib
1 crg[ev(h) _ 03]

(3-1D

o714, Rib, - critical bulk Richardson numbere]il, Uh)2 he] ZololA 2%
& T&5S gudt 0,5 299 H3F$FolA virtual potential temperatureo] il

0,5 AxHA Y L2 YEIT, 0,5 A(6-129 Zo] Uehdt).
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b (3-12)

(wd,), }

S

(9.9 = Hva + HT

A7, O AFH  ZHA  TAEE  virtual temperatureS  2|mEta
mixed-layer velocity scale:= w, = us¢,,' 9 #o] EHHATE w.= surface frictional

velocity scaleo]al, ¢,, = AZHAA B FFH7A] <] wind profiles ¢ 7] ght}.

Surface layerol| A level z7}A] 2] Bulk Richardson number= 2}(3-13)0.2 # o] H T}

0,(z) — 0,z
Rib(z) = d 5 | (3-13)
0,,U(z)
E3=(z < hellM 9] turbulence diffusion2 2](3-14)9} zto] 4ol dt},
aC 8 aC [ 2 3}
7 2a l](c( o ’yc) (w'e )h( h) (3-14)

7|4, K= eddy diffusivity coefficiento]lal, ~.= F fluxellA TAEE

large-scale eddiesE¢] o] z3d AFA Fuj(gradientS o w3t} (w/c/)h

rir

o Z(inversion layenol| A o] fluxE =3t}

}7] g3 4(3-11~3-14)= Hong et al.(2006)8] AF+ZAe A AQks YSU PBLO
o]2o]t}. Cohen et al.(2015)¢] AFZA}o] o]3tH YSU PBLe] t& PBL schemeol
Hlg) A¥ES & FAIG dFdo webA, B AFolA s PBL schemeol A
YSU model& &3} th.

o>'

A& 243K Cumulus parameterization)= ©F4 2Hsub-grid-scale) TFEAIA & F

) 2ol

g b TESY 9L AYATh =3, MNFD $5/F 2L AR

il
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Table 3-4 Summary of land surface model.

Scheme Vegetation Processes Soil Variables(Layers) Snow Scheme
5-layer N Temperature (5) none
Noah Y Temperature, Water+lce, Water (4) 1-layer, fractional
RUC Y Temperature, Ice, Water+lce (6) multi-layer
Pleim-Xiu Y Temperature, Moisture (2) input only

S 2 e AHTH o] schemes 23 N AR ellq 295, & B
8 ZERYS EAT A BasE o]EFoE 04 10 km o]/ A A
& 5km ~ 10 km9] AA YoM =] He F¢= ok

LSM(Land Surface ModeDe T =9 thr] Ae), EAL

}
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02,
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o,
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g

)

WRF 2doA AHgHE ) #2<] LSMS Table 3-40 A&t th. 5-layer scheme
£ 193 LISMZ &= Ha4y 33t BEdFe F 57 Fo2 1, 2, 4, 8, 16 cm
o] FAZ FAFHAL o dA FA(Energy budget)= EAh & <d(sensible heat), =<4
(latent heat)S Z33t} Noah LSM(Chen et al., 2001)= canopy &3 =9 Q9l

e THT 259 & HFE 1HIY BT F 4 S22 10, 30, 60,

A=
"kak(evapotranspiration), =l <(soil drainage), S ZE2& H E(runoff)S FH
gt} Noah LSM+= &<, & Absta, E¢FY I3 I8 43l + 9
&g o] =3tk RUCRapid Update Cycle) LSMe Th5+%& EYS 7kAa ok
o

5o /802 67) 302 FHHC UL, ) F oJFORE FHo| JHsdl
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TAELS A 0, 5, 20, 40, 160, 300 cmZ FAHAG. =

=
gl we S TERE FASt w9 T4, 2%, melting algorithmsE 53l =@°l, &

3}
A7 A3 schemed EHELS WRF RS 74T uf Abdo)] AAsIe] 33}
A HA3 dA oA A EHA AT = ATt schemee] A& WRF &

g
9ol £ FEG AP L A4S RAHTL YOH schemeS ] FEHES 1
PN

st} Aeld & 9tk schemeEd T2 schemeE¥ 71 ARE 38 HA 53
gto 2 schemed] =L Fa3gH AEAtgo|t), AW, B2 schemegd =FS A
B} Fsh71d B2 A AYE 20 oZ AFAYHE A AgEi= A

o] el Aol
Ruiz et al.(2010)2 south americas thdS.Z WRF =@ 9] schemeo] thgh 9t s=
= A7signh AEA wdoA: 5-layer LSMo] Z7] ¥ %o wal o= A

g =7 Aoldlen, A2 Noah LSMo| & A EE HoFH ) PBL schemed A +=
thEA <l YSUSH MYJ schemeS 418143, YSUZF €%, £5, AAFe FAZ &
g3t FAEe 2EwslE 2 A,

Pei et al.(2014)2 Land surfcae model®} cumulus parameterization®] w3t U=
ATE TN, schemed] ZFo wet AF HAL=E AP FH schemes
LSMellAl= Noah, Noah-MPo]il, cumulus parameterizationol| A= Kain-Fritsche}
Grell-Devenyi ensemble schemee]th.[Grell and Devenyi, 2002][Kain, 2004] thA=
wet year$} dry year =5 Grell schemes} Noah LSMe| Z3teo] £& ZAIE =&
Noah-MP LSM< wet yearol 4} Noah LSMETH H& o2 vl AFFch

B Ao e Agl" WRF 229 schemeEd =rlQl AA$7S table 3-50 A
g3ttt aAIRE, LSMol A= Noah model® Noah-MP modelE 2 &3S u) 7]t E
= BEES Hrbste HFAHow AASAT
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Microphysics

Radiation(Longwave & Shortwave)

Planetary Boundary layer

~— Scheme y Cumulus Parameterization

Land Surface

Other physics options

Elevation Data

e Vegetation Data
£ Terrestrial Data Soil Data
(. WRE M |
Others
GFs
NWP Data ECMWF

Horizontal layer

Domain H Base layer

Vertical layer —
| Layer for wind energy

Fig. 3-5 Decision subjects for running WRF model.
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Table 3-5 Configuration of domain and scheme for real-time wind power
forecasting system. Noah LSM and Noah-MP LSM are selected for the performance

optimization in the process of a working design.

Domain No. D01 D02 D03 D04
Grid points 70 X 70
Grid spacing 24.3 km 8.1 km 2.7 km 0.9 km

43(28 layers for the upper air current, 15 layers for wind
Vertical layer
turbines from 0 m to 150 m)

Microphysics WSM 6-class graupel scheme
Radition(Longwave) RRTMG scheme
Radition(shortwave) RRTMG scheme

Planetary
YSU scheme
Boundary layer
Cumulus Kain-Fritsch
o Grell-Devenyi ensemble scheme
parameterization scheme
Land Surface Model Noah LSM vs. Noah-MP LSM
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3.1.3. WRF =9 334
B Ao E FEddE o B A 2SS F7|dRe A7 qHE F=5taA} 3o}
A

diE =S FVIAEE A3 ARPEH BVIEE fs dEE A
Hode @d SYENCL, du PHozs E2de] 74X Ed WRFE A

AAZE FEHLAF B A2"S 93 A5 430 vl= NCEP7|#elA GFS

HolHE te2t Wi, Rte JAE o= WRF Rds F33t. o5 53

0 km?l GFS HlolHE 24.3 kmE FHINGEE FAA7

= 9L sty =9, Ao Tl kWha 937 fsids HA 1A 744 9

olE|7} R3O 2 GFS HolHY AZIFES AME INTOE EE3te 4TS
gt ol A WA GAEA ot GACNA AHEE 73AERRE AHEE

A HA GA A AAEE 7AAEE FHIAEF 24.3 kmol s AA 74

A8E YEa T glom, o AARE 1N BAoR A4E Y. o HolHE

=

(- \
‘NCAR /J;lé& RE (2) ) 4 Forecasting Data\

(Daily, hourly)
lhourly

Q{PEP o
| o /U

\ J \ Dat: / \ : ' /

Stage az.it.age
o JNU-WRF i JNU-WRF
(The Korean Peninsula, 24.3km) (Target Site, 8.1km~0.9km)
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Hardware & Software build-up

Parallel Computing
(OpenMP, MPI, Hybrid)
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Fig. 3-7 Detailed design for real-time wind power forecasting system
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So2s AHZE Zasty, & d7E fslA Adter fazHoldor T35
t}. CPUE= Inte(R) Xeon(R) CPU X6550 2.67GHz=Z 3017} 67]°]aL, intelAle] slo]
2| J(Hyper-Threading) 71«5 &3t F 127)clth W=Eej= 8GBE FA=HIth
AT EYO = E5F 16.04 LTSe]a1, GNU compiler 5.4, intel compiler 12.04, netCDF
4.1.3, WPS 3.8.1, WRF 3.8.1 & AX]=HA}.

WRF 2&-& A4tgo] ol 1A% dibsdol Hadd, ol& 93 7leo] ¥EA
g(Parallel Computing) *2lo|th. WEX e ZEA|2AE V1A WHoz BHH e,
OpenMP(Open Multi-Processing), MPI(Message Passing Interface), Hybrid(OpenMP +
MPDolt}. OpenMP= &4 wlRelE S d4AY Fo 2AE A2 Ffstes WH
oty 4 MEYE FALE At WAANE FLY] wjEo] TG st=go] ol A
T &&o] Jhsstth &R OpenMPe FolE=E WRgE 743517 wio] th& ¥E
AR B vEgrt Eesit

MPI= wIAA] siZlS a8t A3 Fo AHE M2 Ffrdhes WRiolth
NAE AQs7] & OpenMPst 28] HEQAE Fall o] WAAE A28 =
th o] 3] MPI= B9 HAFHE WH UEHIR I3 AMFoAsE F2 o
7bestth. MPI= CPUCA wIAAIE @9z CPUS o oEHola, A2 b
£ CPUE 717l AFHE 74T F5 MPIY A5 8o 92 CPUA A4kA g
7F B2 wW7tA 719 7] diol Hed CPUS 58 o= 3 4 glth

il

fifr
=2
X
©)
he]

(@)

=

=
S
o
1>
lo
i
L
e
o

S B3t MPI7F CPU <7} &9
o W o]gHoz Aiksee] ZrbEkAW, AARE WAl EAstEd, hybrid
wajo] o] FAHES RYs|ZTh wA AR, OpenMPE Ho| 400 w} A4bsH o)

oJEH R FIEAW, vry WAV EASGL B Mol B AL 53

7b stedofel sHAl AA)ske WR
s

e s A & A7olAE =gl
Hse 2usietr] 98 3747 “

Ao 232 Hohith
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Fig. 3-8 The speed ratio of hardware performance test using three types of parallel

computing.
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A %% speed ratios 4HEE 21(3-15)3 #t}. Forecasting

o

Time A HAIZHE 9Jw|sta, Calculation Time o HAIZFHE WRFE |4 732
285 += F ARMS ouditl. Z, speed ratio’} =SFE A QAZIUH] G RA|
Zro] ABE AL Ao R g RAMS FRT 4 Qs 9njolth

Forecasting Time
Calculation Time

Speed Ratio = (3-15)
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speed ratios AFE3tY FF B A|2Ho] AAEH F2E F JEF o
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o

o] &3 dlE Al2HE AAEA

Ptk =, figure 3-8 =AIE ZAas 49 =HADODAAFE she] =<
(DOH7HA] =23t Aol

OpenMP= 310 571 S7185 Aol FAHJAAT, stol¥ 2ed& AHgste
ol FRHe v dse HoFloh OpenMPe stol¥ XHds AHESHA @
o] g 717F M w2 Aee HAHTh

MPI= OpenMP$} HIs28HAl o7t S7M845 52 4o HoFt shARt, =
of &7} 670 ARFE 5ol AstHe de & & Utk ol= OpenMPet wizt
7HA R stold 2# P Aol 93 dsol AstE= Aem & 4

WREe A} hybrid 42 @A MPI/} $23t1 $402 OpenMP7} EATh. o &
=01 & 12709 =of Foll 270 E hybrid BA o= I Af-oll= 270 32017} MPI
PO AdFe 2otk I O A 10789 o7k S/ 253 st &
MPIZ Z&# o] OpenMP 4o 2 d5sH e ALk =, hybrides
MPIs} OpenMPE “EAloll Ab&atal MPlol &w® oje] 4=9] w4k OpenMP7}
SAste FAgFS ARTS) figure 3-10014 hybrid WA AHEH I FE
27 A S A AAN, dAz AHE o= 13271, 20271, 3(270), 42
M), 51071, 6(1271), 7(77H), 8@7W), 9971, 10(107H), 11(A17W), 12(127§)°elt}. Hybrid
FA A HAE & Hes B A9e ol 2717 MPIZ F&s8tka 10709 0]
7} OpenMP= &2tsh= 2(1270)0lth. 670 o/d2 9] Foj7h EAsHARL, T3
ds M7t =7Fe o2 OpenMP7E &2shA] 3ttt o] = QI3 MPI Aol 5d9
o] & AR w2l A3t Bl

Edabe] met st=dofe] dse S HFH SR hybrid HEAMCR
deste]l MPISZ 279 FolE Fo3tar vz 1071e] Zoj7} OpenMP ¥4l o =z
Ars F33EE AT HEAS AT, st 45 AR <
3 7227k EA S SR A 12417S B et Atk GFSE ue 5 gl
T AEE st HFH R BAS R Yol 21T FHAARRE HY
AG.QINZE Fetel AFe FARDS T8 oA 12A3 EARE BAs= &
EE AEE F AR, & dFdME SARDE =X Ftens AgehA &
= ojvloltt)
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Fig. 3-9 MAE increases over forecasting time. PBias is -9.0% between 5h and 77h.

PBias is -11.3% between 21h and 93h.

e E MAEZE 71t s & o 8lth ol dibd o 713 nd e 23}

= dBEAZe] SR EEE LA STk AR dAIStT 22413 el A 93437
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& o gtk =3, 3 st=dols WRF 2o 28 A%t @A <]

d&eA FAD 7 Atk B dFoAE 22hiH 93hel dS5E A=
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3.22. WRF 2d9¢] LSM A% A3
AYPATAE S Ea WRF 229 7+ schemeEE R AT E7} 2 schemes

t}. Noah-MP LSM:= Noah LSMolA] ©d ¥ 2onts 7#Hss mdS tde &
TS 783 2do|tkNiu et al, 2011). XA o 2= A FHA A HAYEE= heat



3. WRF EdllS o] &3 ol A28 Al HA

fluxe 712A oz AU B oA HAHE
43 @, AN UrE = AESd & IHE YR E2= canopyol o7
heat flux7} &A%tk kA9 Noah LSME ©2 9 252 vgulegE A3}

AEAL HYGoE BUTE B o/t AV AMsHE THo| BT HE

>
oL
>
w
rlr
.
=
>

a5
o
i
kY
m_?l_g

il

2 F8E A% O Aol AH ALk o] Aolg FoluA IHHA ¥ 84
S Z &3 Noah-MP LSM< Niu et al.(201D)7} 73+t

Noah-MP LSM< canopyel <3l @A = = heat fluxet 7IE & snow modelings T+
At =9 heat fluxE FASATE o= Q3] 7 a4¥E FHLXEE| EA5H
Hol gl x| w2 oA —’FX](energy budget)7} AHHATE ol= 21(3-16)7%
2o Za 9 gaEAL schemeoll A FAE HAES LSMlA A5 = dHeE &
o gl gapEAte] o8] A, F4 AEe 2 Esto heat fluxgESs ALEH E
INME layer2 FAst ALHETH =3, oS

4709 layer2 FAHAPIL, T
(aquifer)= F7Fste] HlEo] F B FHEHE S 73U

SWy, — SW,, + LWy, — LW, (T, ;.) (3-16)

_SH( sfc)+LH( sfc)+G< sfc)

3714, SWan, LWq © input shortwave and longwave radiation
SWyp : reflected shortwave(Albedo)
LWy, : upward thermal radition
SH : sensible heat flux
LH : latent heat flux
G : heat flux

Ty : surface temperature at point
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Reality Noah Noah MP
: Single surface temperature Multiple surface temperatures .
and distinct canopy
Tskln

Tonow(2)

Fig. 3-11 Model structural difference between Noah LSM and Noah-MP LSM. Canopy
temperature(Tea), snow temperature(Tg,), bare ground temperature(Tyo), surface

temperature(Tgin), vegetated ground temperature(Ty)

External to LSM

aquifer

Fig. 3-10 Surface energy budget of Noah-MP LSM from eq. 2
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WRF 2d5 o] &3 o5 A28 FA4EA

schemess AAE &+ Utk sHARE E48t=t B 28N o] JQ3oR
APATFAEE AEstE Aol Fedd & At

FEEoke 7Rk 2 AU REOE FYEHWY sHEo|g B=% sk
7150l #Alol Aot 37 Fe ARHAA LHstE BAIEY &5 2 WEo] T8
sk, o] & @9ste LSMe| Aglo] Fasttta & o vk & dAF-elA= LSMell o
3 dr HIRE Hristed ¢4 mdS AAstaa doh $HE 2de Noah LSM
¢} Noah-MP LSMo]t}.

Figure 3-12& LSMZ Noah& <33]S wl MAES} Noah-MPZ <33]S u] MAES
Ve iz 9lth Noah-MP7} AA| ol BAIZbe] tisfjA] Noah®Roh A& =7t &34t} &
3] 12h ©]%9] Noah LSM7} & A& EJ{Y dAo] Noah-MPAAM = Z4H A4

o P
% 9 & Yook

Noah& -11.3%E 4 o3& YelWla MAEE 236 m/s, RMSE= 3.04 m/s,
NRMSE+= 12.6%, I0A+ 0.88= uE}yith.(table 3-6) ¥FHo| Noah-MP& 2.5% %7}st
o 88%= FA& d=FS YEWa MAE= 0.23 m/s Z4gk 2.13 m/s, RMSE= 0.31
m/s 7+43%E 2.73 m/s, NRMSE+= 1.3% 743 11.3%, I0A= 0.02 =73 0.9 Yebst
th ZE BAFe] Ao S71std Noah LSMEtH= Noah-MP7} 4B g o] §-
T dE L A

A7) R = Noah9t Noah-MPe] of® AHIz== Ay HH(figure 3-13) A=
Noah®th= W& A& HoFal Utk 53] 4 ARB7AA7E @ a5 HoFH
5¢ oB FHE = Noah®t Noah-MPe] A7t §A438HA S7leke 418 BHoFaL 8
U R FEE 937} MEsE A4S B3tk Noah LSM| AA MAES] Hi&
2.68 m/s ©o]il, Noah-MP LSM¢| 4| MAES] #H+2 2.54 m/se|tt. Noah-MP LSMo]

Noah LSMETt} 0.14 m/s % O 2 YElyt
E4 dEAHES 7o R a7t g4 ¥slele Aol HHEHUT ol F
Egto] ofygt & Ve 4dAE HAE ZOE AZAHo goE AHEW B

d3 A3dE 2% 9 g R HgTE A (figure 3-14, 3-15)
Noah-MPE &% o= ZiE= NoahRtsE AAHoz A7t Edoh(figure
3-14) 53] 19FH 449714 FA8HA Bede] S7HEE A8 At o=

Noah-MP7} Noah®Rt} 2yt 2xd&g 2 FAHITA & 5 vk 2 dE 9
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Fig. 3-12 Forecast error of WRF model with Noah LSM and Noah-MP LSM in

medium-term.

Table 3-6 Forecasting error depends on LSM(Noah, Noah-MP) in medium-term.

Surface Model Noah Noah-MP
MAE[%%] 2.36 2.13(-0.23)
RMSE[%¢] 3.04 2.73(-0.31)
I0A 0.88 0.90(+0.02)
PBias[%] -11.3 -8.8(+2.5)
NRMSEI[%] 12.6 11.3(-1.3)
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5
Wind Speed
4 r  -O-Noah <-Noah MP
73T
2
=2 F
1 F
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o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Forecasting Time[day]

Fig. 3-13 Forecast error of wind speed in the WRF model with Noah LSM and
Noah-MP LSM in long-term.

Temperature
4 F  <0-Noah <-Noah MP

0 1 1 L 1 L L 1 1 L 1 1 1 1 1

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Forecasting Time[day]

Fig. 3-14 Forecast error of temperature in the WRF model with Noah LSM and
Noah-MP LSM in long-term.
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Pressure
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o 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15
Forecasting Time[day]

Fig. 3-15 Forecast error of pressure in the WRF model with Noah LSM and
Noah-MP LSM in long-term.

2.3. 9B A 2H scheduling
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FINAL WRF RUNNING TIME

WRF
RUNNING (21h + 72h)

12h for 72h
forecasting

00h(KST)

03h(KS
(18UTC)

06h(KST

09h(KST)
(00UTC

12h(KST)

Fig. 3-16 Scheduling for medium-term wind power forecasting system considering

the time required to run WRF model and download GFS data.

GFS

ﬁ WPS ﬁ WRF | ’ Post-process
[igm?,?f (30 min) (15.5 hours) (30 min)
I Appx.17 hours I
7:00 am 00:00 am
(KST) (KST)

Fig. 3-17 Final forecasting schedule in medium-term wind power forecasting system.
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Fig. 3-18 Error of the case of averaged wind direction (a) averaged wind direction in
degree, (b) the true value of averaged wind direction, (c) averaged wind direction using
u-speed and v-speed
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Fig. 3-19 Error of the case of corrected wind direction (a) the correction to wrong

way, (b) the correction of right way, (c) corrected wind direction using u-speed and

v-speed
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gL 315° oA +90° ©E HAHO AARFeR HAHE dFoltkfigure
3-10(b)). wrebA figure 3-18(0)2} YAl F&FdlolHE u-speed9} v-speedZ 3l
g b2 v-speedE FYE @S YE I Qlorn=w BAS F3skA i, u-speedTt
BAS Fdsto] Ik 45° 2 BAHE WRjo] e ozt Az

oj¢} o] FARLE FIFS HASHH Ao wpFor BAHo] He AUt
AR o] FAE ] Al delM AFT dHE xBF AEH y
2 Folste 7 2 dEEE RS 3 & FAS dloF Ik ol & AFdAE

UVH o= Aottt
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UV method
; Transfer from
\.de P ee‘d U&V-speed to Statistical model
Wind direction ;
Wind speed

A

\ 4 Y

Transfer from WS S Final corrected
to U&V-speed wind speed
Wind speed ; Final corrected
Wind direction Stabisbeal model wind speed

Fig. 3-20 The processing of appling a statistical model with UV method(a) and
without UV method(b).
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Table 3-7 MAE and RMSE using regression model with UV method and without UV

method.
Order UV method MAE RMSE
Linear Before 1.91 2.53
(y = ax +b) After 1.99 2.64
Quadratic Before 1.90 2.52
(y = az® + bz + ¢) After 1.85 2.48
Cubic Before 1.90 2.51
(y = az® + ba® + cx + d) After 1.85 2.48

= e AaAwHEE T 4 AFeES e Ad-Do 2o FFe] F5
FAH R w7] el FEF A7t 5 AgEyg diF oz A4A =4
HAh AG@-2D< T3 EAE A= MAEE 7|2 187 m/s, RMSEE 7|Eo =
247 m/s7t Ut ole A(3-2DE B3 BASY] He ARE EHW, MAEE V|ES

2 1.99 m/se]a, RMSE= 2.60 m/sZ2 A7} #asts 84S & 4 Ao
ws = —0.795544 + 0.994322ws + 0.006079wd (3-21)

Table 3-7= 3AERLS A}
Atk =&, UVHS AMgste] 3
2de 9% 2o HPste] AW FHE =FIATH ol figure 3-20004
Ashg "xe} 2ot

UV S A &3 13 g7=de] Aas MAEZE 1.91 m/s, RMSEZ} 2.53 m/s&2 U
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Ql

Eigtor, 22t 3|ARD e Ay= MAEZF 1.90 m/s, RMSEZ} 2.52 m/sE YES,
2 AR A= MARZF 1.90 m/s, RMSEZ} 2.51 m/s& b7}t S71E45 2%
2e2 HA 2AASUT. ol Aol AHglol ALY Bkl HIek=

4o B & qu IR GAYL BelE Aveln,
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VgrARd s o83 T 8

2 EYHEAe Y

o

YA R

i

UVHS A&3 12 ARG A= MAEZF 1.99 m/s, RMSE7} 2.64 m/sZ 7}
staey, 23 AR = MAEZ} 1.85 m/s, RMSE7} 2.48 m/sZ2 Zr&ste= @do]
Uebgth 32 sl =R oA = MAE”} 1.85 m/s, RMSE7} 2.48 m/sZ 2%} =D
2 A34E &3, ole UVHE B3l #3ll® d2¥ u-speed & v-speed}
-speed & v-speed®| A7} 22+ A9 FEHo V7 HHE HAF7]

u t
gEolth &, UVHE =437] Ad 4 2 T2 13 $AAS AYstay A

IARD S B4 SEEA Y 2dolA UV A& A - 39 Aol& oA
kA Xtk ol IAA el YRgTt st wgER A7 et UVHE
ol g8 7 &Y WHEE u-speed & v-speed?] 2719 SHWHTFE Uolof FII %
oAel UV A& - 35 Hluwd 5 7] W&ot skAIRk, Table 99 2A3E

3 FARLS IAME & 7 AN, FES FF BATE 13 HH ol
H
i=

rr

Solle 2aF g2 o7 dHolE ] #AAPE A HUT

LT 243 mdoA ARESE7] fsliA A7 W (Neural network) RE-& E=UsH
UV 28 A - 59 Aolg AMEJ AW Rde 49F, 249F, 249359 7
zo wet o] Gk B AFdAME T2 wE AolE AASH] AN Y

27N, 295 N, 293 2= TFAst Adxde 2A st
Fdo] g5d AW =dL figure 3-219} figure 3-223 2t} figure 3-21& 3
£33 FF HolHE AR Edolal o]F NN(WSWD) =d= R=27t figure 3-22

u-speed®} v-speedES AFE-3F mdo]il o] NNUV) Rd=z HeAt F 2do
=Y3< 2HE #4338t NNWSWD)= S5 T3] =25+ Zdola, NNUV)=
u-speed$} v-speed’} =&F+= Zdolth. NN(WSWD)ol A& &= < dlolEE 30
m/s®2 WAH 0FE 1Abol)l gro g H4sth. 3 T HolEE 360° = WA
0FE 1Abo]9l ez ZF4sAt. whde] NNUV) =do d#E+ u-speed &
v-speedv FLE ALS AL JOBER scaling 2L SFA ISk

Table 3-8¢] NN(WSWD) =@3} NNUV) mdo ols] BAH F4 2 FaFo] ok
Ags 2345 A3ttt F&ol thie AS = AFo A NNWSWD)+= PBias7t 0.5%
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Fig. 3-21 the structure of a neural network using wind speed

and wind direction.

Fig. 3-22 the structure of a neural network using u-speed and

v-speed.
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Table 3-8 Comparison of measured data and predicted data using neural network
models. NN(WSWD) used variables of wind speed and wind direction. NN(UV) used

variables of u-speed and v-speed. O* means the difference between neural

network models and the predicted data form WREF.

Wind Speed
Statistical WRF + NN
WRF

measures NN(WS, WD) NN(U,V)
MAE 1.99 1.71(-0.28) 2.05(+0.06)
RMSE 2.60 2.37(-0.23) 2.59(-0.0D)
PBias 10.10 0.50(-9.60) 10.90(+0.80)
I0A 0.85 0.88(+0.03) 0.88(+0.03)

R 0.76 0.79(+0.03) 0.80(+0.04)
NRMSE 15.1 15.3(+0.2) 14.7(-0.04)

Wind Direction
Statistical WRF + NN
WRF

measures NN(WS, WD) NN(U,V)
MAE 43.19 43.32(+0.12) 30.39(-12.80)
RMSE 85.92 70.90(-15.02) 68.68(17.24)
PBias 0.20 3.20(+3.00) -4.30(-4.50)

I0A 0.74 0.75(+0.01) 0.77(+0.03)

R 0.56 0.65(+0.09) 0.68(+0.12)

NRMSE 23.9 19.4(-4.50) 19.4(-4.50)
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Iy, NNUV) 292 [0A9 Re] H7hol 4 NN(WSWD) =elof w]sj
Bzt

o]} o] F&9 A=+ UVHS F &3 NNUV) Zdo] NN(WSWD) R H ot
T ki, ol e dA=(0A)= Y3 522 HoFt ol NN(WSWD)+=
FAHoZ ZadHe WIFoE HAFHE ZdS ousta, NNUV)E= u-speedt
v-speed?] #AZE A st T4 HAteE S7HIANE F450] A E wet HE

g 5 Y= BYSE mdE B 5 ok

Figure 3-23& 24% %% dlo|ejsh WRF ZalolA] of 2
3 glek 300° oA 360° Atole] B delElst FFH oL,
2 GRHAA, AAZE 07 A 50° Aolo] 24E ARE

001

SEHCIHE HAF
200° oA 360°

/\
stk

mh:: “E

_67_



o

VgrARd e o83 T 3 HWETAS 13 IHIHY B

WRF E™o| A 50° o5tz R gAw, AA=E 300° oA 360° & 238 do]
HE 2 5 ok

Figure 3-2301 4 W3b4) wi2s elo]e] T§-& WRF malo|A olng ¥ dole 5
0° oA 50° Aelo] EA|SHE Holelsh 248 FFuolelel 180° ol3te] HlolEl &

FASHAT. vhkA w2 dloly {2 54" FFTCIE S 180° o] HoHE

0

HASYTE WA vk HolE 1FLS WRE REoH 34 HolHE & FHE 1
Folth, Sera W Hoje] 1§ e YFAHOE o 40° WF 0E Mol 1FOE
0° oA 50° FZo = REJAT, AAZE 300° oAlA 360° o2 ZA4H dHol

E7F S8k Iwoltt &, AW &
WRF 2doA oAHH s BAEA 300° oA 360° Fo2 2AHHo|oF s+
FEoltt.

o] & tlolE IF°] NN(WSWD) a3 NNUV) 2dS FaliA ofEA gho] st
A A EgT. NN(WSWD) =S A-gste] W78 HolB & figure 3-240] =413}
&k, NNUV) Big Abgsto] MAH HolEl = figure 3-25¢ =43kl

NN(WSWD) =d& S tolel7l 225 Sl dde 54 @l 1Fd FH=

AgAZl AE B S Ik 150° ~ 200° 9} 300° el dm® gEo]l AFHS
t}. figure 3-23<4 Uehd 50° olakel FF wlolEl&= NN(WSWD) =& %3 0°
FHO210° 74 gAY 53] 200° F2el HSHAH. °lE FE

NN(WSWD)<= table 3-8°4 Hof o] F&9 AI=e wdou, TF HolHe 4

Zgol Jh7ke AANT PO FFECIHE 2ASA gn, oF FAHoH

ot F&9 AT P AN FF vlolHE NNWSWD) =2 dste] =
o AREE FuPAT, AA2E FF dolHe 2AE F/MA Hth £,

FF dolE/l ol 3H BFHL nYHA R 08 $AHOE ARE A

O & HolErt AFEEH a1 dF AS HolEI AFHY e o= HFHIAH
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B7F 2A4F QU Wb wlolE] 1§ Avuw AZ2gs gold oz nAE )
olBlE ¥R =AU AR, NNUV) 2o FHo g Ass s, F4
3} FFS u-speedot v-speedE Ealste] BAET] wWEol AAXHA WFLE 2
o] RFH ASE & F vk S, NNUV) 92 o B
dlole e} Hlwste] HGAE o} BAITI &

NN(WSWD) 2dle F4& A S A9 NNUV) 249 33 HolHE 4%
S wgoz B EIrh wEpA dEe BAFES EiME AAT 2dd g

SARD S =4 = UVHS ARESte] tlolHE BAE $ Abgsfiof vk Az

4
20,
£y

47 dud dHolHES ntEAu R @3 thfigure 3-26). £A HolEe F¥
gFo] 337.5° 2 HA dHolEY 47%E AAst k. WRF HoJHE FFo]
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Atk EW, FEF NESFE NNUV) 29 53 BAAUSS &

Figure 3-27 ~ 3-32¢] WRF ==, NN(WSWD), NN(UV) R 2 RE T3 <& 9
2% diolHE ZAd dolg el nwstyth. Table 10914 NNUV) =do] MAE ¥
RMSE7F NN(WSWD)E. t}h 3=9kA] vk, figure 3-29¢]4] Ho]%o] NN(UV) Bdo] T & =

WRT 2 oASe Wol AT AHL §U0E WAY & Atk 53 ZHH Y



Al 15~20 m/s2 FAE dolg7} EA A

S

=
—aQ

0~5 m/so]|x|RF, WRF ®do] =}

| —
N

ot olE

4
1
B

—_
file)

Table 3-89 4] I0A%} A FR)O] =& o] F9 FY

1
T

o

t

4 HolE e} o B Ho]E

=
=

3 UV

5

[ ]
) -
‘4
.
=
.
«*
R
* .
* &, e .
DR
ooaoo'o'ooo -
* ﬂ o & *
LI .
. . oho ., . .
. oo. : o .
DETEN e o 8 . )
o o o
PRI | TR
e ‘e w
e o hnwu *¢
D4 i 3
¢ \oonho .

|9POLL JHAA Ul UOIDB.IP PUIAA

o ° ﬂ R . o ’90.0"~00
oﬁ Quoo oo ot o ¢ ¢ o’o&y
% a* oo .ol o, * .oo
R Wi T :
i .. 330 o%‘f. 4
ﬁoﬁﬁoo‘ - oo o.ooo . Ny
T T T T T T T
0se 0og 0sZ 00z 0Sk 0ol 0s

350

300

250

200

150

100

50

Wind direction in met.mast

Fig. 3-23 Measured and predicted wind direction from WRF model.
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Wind direction in NN(WSWD) model

Wind direction in NN(UV) model
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Fig. 3-24 Measured and predicted wind direction from NN(WSWD) model.
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Fig. 3-25 Measured and predicted wind direction from NN(UV) model.
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Fig. 3-26 Wind rose from measure data, WRF data, NN(WSWD) data, and NN(UV).
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Fig. 3-27 Comparison of wind speed from measured data and WRF data.
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Fig. 3-28 Comparison of wind speed from measured data and NN(WSWD) data.

_73_



25
<
s 20
=
< J2 X ik
2| hn ek

‘ | 1.
3 E
8% 10 Fk LX)
7] NROAAGS
ge) XRRIS
E 5 .l‘ > /e
; .g.-_--“_..-'t'.'(g: ."”-_ e
LU0 o
0 e

O 5 iy 15 20 25

Wind speed in met.mast

Fig. 3-29 Comparison of wind speed from measured data and NN(UV) data.
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Fig. 3-30 Comparison of wind direction from measured data and WRF data.
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Fig. 3-31 Comparison of wind direction from measured data and NN(WSWD) data.
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Fig. 3-32 Comparison of wind speed from measured data and NN(UV) data.
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Fig. 3-33 MAE results of predicted power production in long-term wind power
forecasting. Case 1 is the data set before applying the UV method. Case 2 is the
data set after applying only one regression model with the UV method . Case 3 is

the dat set after applying a regression model at each forecasting time with the UV

method.
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3.4. O "I} X|E

2 A2 dH griel A ALE sty Adde B7F A %= PBias(Persent
Bias), MAE(Mean Absolute Error), RMSE(Root Mean Square Error), NRMSE(Normalized
RMSE), I0A(Index of Agreement)E A& 3t}

PBiase 2/(3-22)% Za WE& ©@9jola, 0 %o 7MhE5E AS=r 52 =Y

S ougt}, 3hA|5k PBias: dlB ko] HId =A e WHe] Aol wiEg=
EAG AL2H B AT FuSo] Akl Axolth o2 Q3 BEOE A§
H71 BAZ ARIF itk &R BEE7 2Rt HAd = oo = oujE §
3 4tk B ARqAE o] AEE FioZ FoZE A= v|FoE A
et

N

21(51 o 0@)

PBias = — % 100 (3-22)

MAEE 4(3-23)3 21 54 gt dli gre] Apolol Auighs st W43 T4
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Tol AR Yx R EEAA RaT F&o A 2 Hage Fag e
Aol HlshE W Db Eo] Arh o] 3] ¥ Aol NRMSES 24t
Av 8 Hagke) Aol EQstanh weel 34 HolEH 23 HolHY 45
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rlr

= AngFE AE3te Aol #El¥olth. NRSMEE 09 7Mhe4E & A8=E
o m] gttt
RMSE RMSE  RMSE
= p— 3_25
NRMSFE 0. — 0. or 5 or —o~ (3-25)
NRMSE = ROLSE, if O = powerdata (3-26)
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Fig. 3-34 The example of IOA in best case(a) and worst case(b).
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Quadrant 2
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Fig. 3-35 Description of quadrants based on the mean of X, y values in

Pearson correlation coefficient.
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4. AAZL FHLAY B Fg= H7}

H

MNALA L} GAEAE B3l AR FEHLAF B A2"lE F589t. 754
rRE= AR} FrldKro)y, FIqRE T2ALE R3] 1A 7HFe=w F
%S ARIIYL AV|dEE 4YS ARSI 1Y FHeR WHFS o RBIYTh
drode 9y ZHenoz PYEH35 7] Vestas VA7-660kWolth & HizolE= 45
mo]l =& 40 mo] ARAES 50 mY RABZ AFESIY 45 molAY FLHS AR
sttt F71d R RN EE 0.9 kmola, A7|d B FHsd =+ 8.1 kmo|th.

4.1. 95 Cia

ATE JAFHRAAA o AXd PU3sr|= ATy FHALADANA &9
stal Qe FYENlojtHtable 4-1). o] & o ® FHLAF R A 2EHS AEA
AFE FAEZANA TR BFU3E 7] = Vestasatoll A A ZHeE VAT-660kW 24
olal, 3jH =] 45 m, BAZYL2 660 kWo|th. FHAIGTANA AAH o2 FFF<U
SCADA system< o] 83| PA3sr]o E8=FS HASIoh

L5 did g3k A5 AFAUATANA &F T FY TN HAA &
A5E ARSI Y RS FEAVE AEEe] 80 m, 75 m, 70 m, 50 m, 35
mol] AXEoH, FTIFA= AHEo] 75 m, 67 m, 50 moll A X = tHfigure 4-1).
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Table 4-1 Summary of Hang-won wind turbine #3.

Turbine Model Vestas V47-660kW
Class [EC la
Power 660 kW

Hub Height 45 m

Rotor Diameter 47 m

Cut-in speed 4.5 m/s

Cut-out speed 25 m/s
Control FSVP

Rotor RPM 28.11 ~ 31.23
Gen. RPM 1818 ~ 1980
Voltage 690V/60Hz

WAL AAR REe 450 9 225° 2 AAHAT. 10 molAE FEATL 27) A
om 67 mol FFA 20 BAHUT. LFE D FAE Aol 65 mol 4
Hoith L5 9 el ol FUEE 4EstH Assth

W9 74T AA357]9) SCADA dlolEle] FP ke 2018 1 1 ~ 1. 31%
2018. 4. 18 ~ 5. 280]th. 3 WAl Elo|E 15 AR AFo AS

iz'
—{rl

B Ao 99¥Y 33718 Y FHUAY dn Axdy AdAAE ddsag
dh oln BAe FHEVY ABF £9L BHoT ARYT ARALE F7

qERE T AVHoE +IAHES A
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Type of sensors is Theis 15t class advanced

Orientation(225°) » 80m Anemometer Orientation(45°)
r—-—=—~>"=>======= - = —. _________ 1
75m Wind Vane l_r § 75m Anemometer
]
e
L R e o

XX

D

L

XXX

' 65m TH meter

XXXXIXD

L
‘f 50m Anemometer

50m Wind Vane LT’

|
|
|
|
|
|
| 67m Wind Vane(2ea) Lr
|
|
|
|
|
|

XD

e_o
* 35m Anemometer

LAY

XXX

QL
457
)
o
)
2
e
rr
e
m
n c]
fr
ih)
o
9‘1',
2
—
e
_l
k)
4
2
ot
o
r
g
in
i
Ao
i)
v
°
rr

el
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Radition(Longwave & Shortwave):= RRTMG schemeE Al€i3it}. PBL-S YSU scheme
2 Adglon, Cumulus parameterizatione A W =w<lQl 7% Kain-Fritsch

schemeE A8dly, & WA TwdXE = Grell-Devenyi ensemble schemeE &3l

_87_



VgrARd s o83 T8 3 HATAHS ned IHAIY

£
™

|

o} LSM& 3%olA dB A %7t %2 Noah-MP LSMS A8ttt

Terrestrial datax= WRFOlA A get= 712 ARE ARSI, 24 1 km A4 =
Rl MRt APAZE A A@ARR AHESIAT. A AdAERE TEAYAR
Holl A AlFsk= 15000 HIEZ A2E HAE AJARE o]&st YA 7]
FAEE 1° tF 0w AAE GFS oS Addstqinh

WRF g9 FRfdEE 3 HA vl s34 24.3 km¥F-E A&ste] F

HA Em Q]S 81 km, Al HA =rl2 2.7 km, U] 14 =Wl 09 kmE 7435

-

1
o
[-'E

o3, %% LESS A&

sh9 =uele] FHANE HEe 1302 ST Ak olF 2859 0.9 kmiE
A Z7heted 243 kmrh £Ze BT 243 km 74A 84F olfE HYE GFS
o] 1° Ao =m ¢ 50 kmeg & 4 U=, GFSe AA; 13ko] A WA =v
o N2 BEHES TY GFSSl 71430 AN BBHEE FAF Aok

=3 he AR RAM 48 B2 AR £Fshs ¥4 WRF R x

rlr
>

e

e FAoF ok WRE user 7hol=olA s FHEEE 1 km oW 2 F4317]&
FH83 k. o5 wgsly] As) FHAFES 1 kmE TSt DA )3
BE st 9 7R & TStk At FHERY sHkold gehe
F4e ousy] YA FAEW FHHEolE £AZd It olE FE
T ~ 150 m74A] 10 m HH o= FAATE o WelE &

)
of\i
o
kY
=
oxl
lo
pee)
kl
%) (]

_88_



4. AN FEHEAF B S PJrt

FLTHY 387]9M A5 I HolE 9 WRF ZloA dEd F5 HolHE
J7F AREEe]e]7] wiEel e =

B HE FES VLR AEHAY AUdEE AR s =T deeiol] o
A= Ads 19 B T5S 7o E ASHAN. o9 AR V1 H
73

71 Bl A5 1IN BETEHor AEste] Hlashglarl, A7) RSl

=
El
Mo
1=
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o

71 Bo M PBias7t -8.62%% #AiolZ H a1, MAEZF 1.99 m/s, RMSEZ} 2.53
m/s2 RolFth NRMSEE 114%9] 2212 HojF 1, I0AE 0912 E& IdX4S B
o] FThtable 4-2). A71oRoME PBas7t 1.31%=2 FdjolZ =Ax, MAEZL 2.54
m/s, RMSE7} 3.39 m/s& ®oJfth NRMSEE 20.8%9 ©x5 Holf 1, I0AE 0.792
T4 & YxA4S HoFH o (table 4-3).

F71 5] HlolHE EA8e Figure 4-25 AW EH, Ioj& FAATE 08602
Fol #AHS YEsth R HelErZE 38 $5 HelHEG =4 JREAA,
2] re dolert =4 volHe fAES & 5 ATk

A7V B 7S 1-7¥2 15729} 8~14¥Ql 2FAE H&sle] 7|Ag HolE ¢}
v w3y thtable 4-3). 152+ 2= PBias7t -2.19%% #4¢Z =3, MAEZ}F 1.66
m/s, RMSE7} 2.10 m/sZ ®.o{5th NRMSEE 12.9 %9 225 Hof 1, I0AE 0.93
2 2o UL HAFh Hde] 233 AFE PBiasyt 4.86%%2 FjoE HA T,
MAE7} 3.42 m/s, RMSE7} 4.32 m/sZ 152t AaRtt o217t FAsA Z718tHth
=3 NRMSEE 28.8%9 A& HojFo]l ¢F 16% F713 A#E Hoxlth I0AE
0.62=2 oF 0.37+F YrolHth,

Figure 4-3& F7]< X o AZtiE MAES RMSES] A& HojFErh MAEZE #H4
1.43 m/sol A Ao 261 m/s7hA] Al E7bekeE FA17F Yebgka RMSEZE 4
173 m/sel Al Hdf 3.60 m/s7hA] F7hteE FAIE B 4 AATh ol Z <l 4wzt

;O
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Figure 4-4& 7] x o] AW MAES} RMSES] AxE Kotk MAEZF H4 0.98
m/sell A Hdl 4.10 m/s74A] <F 3 m/s F FAE Rz, RMSEZF H4 1.33
m/sell A Ao 513 m/s7HA ¢F 4 m/s F7Fske FAIE HAFT. ol F7]d EAA
qBHAZEe] BFO wme} exirb Frkske AR

AlZro] 21 71 Bl AS Vet '] ste AL ¢ 7 AUk 53] 154

o FHE a7t g4 FlketcH ol xutdl Wx" rgdEe] avt At

Table 4-2 Statistical measures for wind speed in the medium-term wind power

forecasting.
PBias[%] MAE[m/s] RMSE[m/s] NRMSE[%] I0A
-8.62 1.99 2.53 11.4 0.91

Table 4-3 Error of wind speed are classified into three periods in long-term.

Period 1~14days 1~7days 8~14days
PBias[%] 1.31 -2.19 4.86
MAE[J4] 2.54 1.66 3.42
RMSE[’%] 3.39 2.10 4.32
NRMSE[%] 20.8 12.9 28.8

I0A 0.79 0.93 0.62
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Fig. 4-2 Comparison of wind speed from measured data and WRF data in

medium-term(72h). R=0.86, I10A=0.91.
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Fig. 4-3 Forecasting error
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of MAE, RMSE for hourly wind speed in medium-term.

_9‘]_



-O-MAE 3RMSE

w ~ (¢]

N
T

Error of wind speed[m/s]

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Forecasting time[day]

Fig. 4-4 Forecasting error of MAE, RMSE for hourly wind speed in long-term.

FATH 3a7]oA FHEZ LAF ol et WREF RdoA dRE F& HolHE
SY 3 thdet oS8 YT tlolEE HIu AT S 7] B4+ PBias
7} 16.20% % HhelZ H 13, MAEZ} 180.32 KWhE 27.3%°] 222 Holzth RMSE
245.61 KWh=Z 37.2%°] 232 HBolx 1, NRMSEE 37.21%9] 232 Rolzth I0A
+ 0.71= eyt thtable 4-4).

A7) Bo| A AZEE ALkl tidk A =5 Hrleksith. PBias7t -27.85%= 3
& oZ=91, MAEZ} 252.39 kih, RMSE7} 319.64 kWh& R.ojZth NRMSEE 48.5%
o] A5 HoAFA, I0AE 0488 W2 dXEE HoFtHtable 4-5). 17 A=
A7}= PBias7h -5.97%% #4¢Z H$13L, MAEZ} 224.14 kiWh, RMSE7} 281.14 Kkiho]
I NRMSE: 42.7%9] 232 Holth I0AE 0542 AZ 433 =S BdF
ot 253 A%E A= PBias7t -4.86%2 FAdZ HJa, MAEZE 280.20 kih,
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RMSE7} 353.46 kWh= vtERstth NRMSEE 53.6%2 227} Z7tglom I0AE 0452
Se YAEE BRYF

A7 B A dYgitFo] te =S Hristdthtable 4-6). AA 7)ol A U
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Wha Jelgtom NRMSE: 36.3%2 2xE HolFwA I0A7} 0512 H7F=E T 1
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sH4 ersteh.

Table 4-4 Statistical measures for hourly wind power production in the
medium-term wind power forecasting.

PBias[%] MAE[KWh] RMSE[kWh] NRMSE[%] I0A
16.20 180.32 245.61 37.21 0.71

Table 4-5 Statistical measures for hourly wind power production in the long-term
wind power forecasting.

Period 1~14days 1~7days 8~14days
PBias[%] -27.85 -5.97 -4.86
MAEI[kWh] 252.39 224.14 280.20
RMSE[kWh] 319.64 281.14 353.46
NRMSE[%] 48.5 42.7 53.6

I0A 0.48 0.54 0.45

Table 4-6 Statistical measures for daily wind power production in the long-term
wind power forecasting.

Period 1~14days 1~7days 8~14days
PBias[%] -2.78 16.68 -21.20
MAE[MVh] 4.28 3.68 4.85
RMSE[MWh] 5.64 4.80 6.34
NRMSE[%] 36.3 30.8 40.8
I0A 0.51 0.63 0.41
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Fig. 4-5 Forecasting error of MAE, RMSE for hourly power production in
medium-term. MAE : 95~266 kWh, RMSE : 140~335 kWh.
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Fig. 4-6 Forecasting error of MAE, RMSE for daily power production in long-term.
MAE : 2.79~5.54 Wh, RMSE : 3.70~7.36 MWh.
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Fig. 4-7 MAE of pressure and temperature in long-term wind power forecasting



1020

1010

Pressure in met.mast(hPa)

1000

1000 1010 1020

Pressure in WRF(hPa)
Fig. 4-8 Pressure data from lday to 7day(MAE = 2.38hPa, IOA = 0.92,

R = 0.92).
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Fig. 4-9 Pressure data from 8day to 14day(MAE = 3.80hPa, IOA = 0.68,

R = 0.57).
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Fig. 4-10 Temperature data from lday to 7day(MAE = 2.01C, IOA =
0.92, R = 0.93).
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Fig. 4-11 Temperature data from 8day to 1l4day(MAE = 3.11C, IOA =
0.76, R = 0.59).
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Fig. 4-12 Air density from lday to 7day(MAE = 0.01kg/ni, IOA = 0.97,
R =0.94)
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Fig. 4-13 Air density from 8day to 14day(MAE = 0.02kg/mi, IOA = 0.76, R
= 0.6D).
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Fig. 5-2 data set of power production and power curve. (source : Peter Stuart, Andy

Clifton, PCWG-share-01 Current Status, PCWG 2016)
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Fig. 5-3 MCS process for the variation of the wind power forecasting.
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Fig. 5-4 The RMSE results from data sets collecting from AWS in 2010
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Fig. 5-5 Comparison of power curve uncertainty in pitch-controlled wind turbine
from IEC 61400-12-1, Kim and Hyun, NERL report. the ratio means that the
combined standard uncertainty at each wind speed bin divided by the maximum

combined standard uncertainty among wind speed bins.
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Fig. 5-8 The power curve at maximum and minimum air density in Vestas

V47-660kW. (max. air density : 1.325 kg/ni, min. air density : 1.125 kg/mi)
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Fig. 5-9 Summary of the uniform distribution.
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Fig. 5-10 The pseudo-random data set using MCS in Vestas V47-660kW with
variation of air density and wind speed fluctuation. (max. air density : 1.325 kg/ni,

min. air density : 1.125 kg/ni)
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Fig. 5-11 Estimating for the standard deviation of power production. Jung approach
means estimating for std. using eq.(5-4), present study means estimating for std.

using eq.(5-5).
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Fig. 5-12 The normal distribution of Present study and Jung approach results in

Vestas V90 3.0 MW at 10 m/s wind speed bin.
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Fig. 5-13 The normal distribution of Present study and Jung approach results in

Vestas V90 3.0 MW at 12 m/s wind speed bin.
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Fig. 5-14 Estimated data obtained through MCS and measured data in Vestas
V90-3.0 MW. Estimated data is created from eq.(11) without the variation of the air
density.
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Fig. 5-15 Forecasting for wind power production and measured power production

with the predicted variation(+3 o).
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Table 5-1 Prediction accuracy of power production according to MCS. Reference
case: measurement data versus predicted data using the power curve, case A:
measurement data versus predicted data obtained using MCS based on (10), case B:
measurement data versus predicted data obtained using MCS based on (11). *0

means the difference between the results of reference case and the results of

case A and case B.

Reference Case

Wind Speed
va = V< I/raic I/mic = VS V:mt m < Vé V;’ut
Range
MAE [kW] 81.0 26.4 76.8
NMAE [%] 2.7 19.3 2.5
RMSE [kW] 102.9 28.2 99.2
NRMSE [%] 34 20.6 3.3
Case A
Wind Speed
I/z'n =< V< er’ate V;ate = Vé I/Out I/z'n < VS V:Jut
Range
MAE [kW] 131.8(+50.8) 100.2(+73.8) 129.3(+52.5)
NMAE [%] 4.3(+1.6) 73.2(+53.9) 4.2(+1.7)
RMSE [kW] 175.6(+72.7) 125.6(+97.4) 172.2(+73)
NRMSE [%] 5.7(+2.3) 91.8(+71.2) 5.6(+2.3)
Case B
Wind Speed
I/;n = V< I/mte I/mte = V§ V(mt I/;n < Vé V;mt
Range
MAE [kW] 92.8(+11.8) 26.4(+0.0) 87.5(+10.7)
NMAE [%] 3.0+0.3) 19.3(+0.0) 2.9(+0.4)
RMSE [kW] 120.8(+17.9) 28.4(+0.2) 116.2(+17.0)
NRMSE [%] 4.0(+0.6) 20.8(+0.2) 3.8(+0.5)

- 122 -



250

204

150

MAE [k

Wind spsetd [migl

Fig. 5-16 MAE results from measured power data and predicted power data obtained

through MCS.
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Fig. 5-19 Measured power production, predicted power production and

predicted variation(P95) from 4/29 to 5/02 in medium-term.
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Fig. 5-20 Measured power production, predicted power production and

predicted variation(P95) from 4/30 to 5/03 in medium-term.
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Fig. 5-21 Measured power production, predicted power production and

predicted variation(P95) from 5/01 to 5/04 in medium-term.

- 128 -

28 BB

§

o

u s

o

b

20

['.i



6.

6. 4 =

do =
o = mmo ~
Rl oo "
S %o ™A o .l
&) o B RO X oK =
S & U 3 w2 LA
ﬂﬂE i o ™ s 7 g
ﬂn nmE <0 ‘mmo ,.__HO . UT_ m ,mﬂ ‘HA_I m .ﬁ E_.o -
éuuﬂ @_m LU T g R
MH},%%W._O%OHEQ T g T
wmﬂ}%mﬂ;g&&y L A
mzAﬂAﬁEumo_@dv v%%ﬁo Aqﬂmﬂ
N Mﬂ_ T W o M m o 2R oy Hn@ % | o B oo T X
ao?%wrggo_eua% i %O_Eg% Q@w\u
"o O Mol 2 oy P T g = oo < mm o Lm i =
2 oF - = T ) W g T 5 = < i - AF
T — o I mﬂ_o o o T ~ E qr T "
N - = - T x M__ O w T W 5 AR Y I
_ o X B% o- M Zﬂ o) ™ A st iy W iy o o T OX oo
71_ Z._u K — = I ,_nﬂ .m.ﬂ Y IO%M O_E o ﬁi o n_b dﬂ i X0 ®I
M?%Wy%{@ﬂﬁmw R 1273
! o = i o
Lo_awuma_xiwﬂgmofm aomoﬁom 1E§ v
o 1 N o o o S W Ho <) o & 3 ) e el
o < o { X 2 S . &
o KT ) _ < = W N O Ay — ey & i o) <O
MMA%ﬂAAMh 3 O Ewﬂml
o ) T o = o o ] : 4r m“_ 4r g [ ® k3
@Mﬁ@%mﬂgewﬁﬁﬂ %ﬂ%m wWﬂmMﬂ
™ ° T TS s = iy i B =) b ® =
. L_x_ <0 B y o T MM 1 . g ‘UI 1o . a =) o)
> TR - E X a L oy o . %0 ™ o X —
B 1qilga_s_e T o5 E o ﬁaaxuu
W%%yﬁ&%ﬂ@%@% EE Dy IR
—_— 1 T )
w SR = © & e A SR = o o = ﬁ_ o W 2o T mm
H@.HW%JHEO_E @@Azgwyg.}ﬁo@%%\
GO 5 X = - o = o w o o
i g X o o YL 5 o, P i o W o o
s %0 m_m T o B U N o Q T ar oM il - T
%%Eeaﬂﬂﬁéﬁﬁomﬁﬁvﬁomgd%@%é
H._L ,w.,._ T 1 L 1vmo o _ O_E ﬂ__lﬂ ﬂ.ﬂ a U _60 fow. T E,._ <8} _ZT "
Ko ‘lf o N E o S e o 2o 10 e m N
AR o < 9w el W T T o W 5 T Ho MO = 5
Fa oo = n < o M = X W e & do i
.cl T X I T 3 o
& o 5 z WA B o ™ o Hm I o = A R
wgmﬂﬂ%mt%xﬁ?%%%l
N Eﬁﬁ%@z@aﬂlmM
G+ T o T — o ~ N T T a
B o K o o_a ol = K oy
A B T o T
H o %0 Ho = o M
o T X fo
_— B
W ﬂ ° 3
Ca -

- 129 -



-
w\
it
2
f o
>
[
)
1o
ox
ofr
o
z

&= = schedulings H 3tk scheduling& o 2.2}
55 AFsor & NS 7|FoZ WRF Rdo 42847 GFS A5 2= 9
gez2=s 133ty PTG WRF ZdoM el Adat dAAAL AHde Aols

Z7qHe E& A= MAEZF 1.99 m/s, RMSEZ} 253 m/s, 4% A==
MAEZ} 180 kWh(27.3%), RMSE7} 245.61 kWh(37.2%)= ety t}, o B 7| 7F
St 9] R AEEE BRAFHT olF B FU|dRE s TEHEKNIY &

Ade AdAste #=22 29 5 3, ZAae A e Frsted 7124

off
o
R

=%o] € Aot
A7l Be] T4 B+ MAEZF 254 m/s, RMSEZF 3.39 m/s, ¥xg A=+
MAEZ} 4.28 MWh(27.3%), RMSE7} 5.64 MWh(36.3%)Z YElRt. 4FYES 7|Fo=

F7l RS MEE AR Ade H 76.7%= dEH HFEE
X A=+ 39 AR17TEd HA 58.8%AA HT 94.7%7FA UYEFSTE. A7) o K
o] HEA o9rR Aides Hit 808%=E UEtYTh 9 RAFNZ = 14U o1
b HA 62.1%MA Hd 92.9%7HA UEbTE 6L87HA = Hit 91.0%0] 1, 7Y T
E 3 73.2%5 RoF

Z7)d B D Ao WEA odHE point forecastingd] AF}ET L A=
g Yeigth ol MEA 84 F Ul WRF mdle] T4 wEAo] A=A 4t
o] IAH Adoltt, WRF Rdo JF& WEAHS AZsH™ WRF =de

Folof g 7Y, == schemeo] it

<
o
30
&
>~
o~
)
i

N

[Edacy

)

i

s

scheme Ao 2 9l 4 A

A
ot

it

=
a

K



Z
A= 24< st HHSE FHsY, schemeB &2 dEARE BAEst] o
T dEARE AZ Hedsts WHE Fasita 443,

£3], & dFoMes WRF 2dvt Aggornz BARdS 72 =dddd 3

- 131 -



- 132 -



et
ki
M
v

1A, SBH, "SHIEUR", 2RY, 2007

TEF, MSE, AT, o|a 4, “Gd MHAFAM L7 FXESAES TE{F &
e L2l =20l X|ZEE[X], 11(1) 2002: 59-66.

7|44, “=20lo] LiYE QIFt SRt Bt L2 7|4%E, 7|4 E2MEL, 2018

Afshari-lgder, M.; Niknam, T. and Khooban, M. H., “Probabilistic wind power
forecasting using a novel hybrid intelligent method”, Neural Computing and
Applications, 30.2(2018): 473-485.

Aguera-Perez, A.; Palomares-Salas, J. C.; de la Rosa, J. J. G., “Weather forecasts
for ~ microgrid energy  management:  Review, discussion and
recommendations”, Applied Energy 228 (2018): 265-278.

Alessandrini, S.; Delle Monache, L.; Sperati, S. and Nissen, J. N., “A novel
application of an analog ensemble for short-term wind power forecasting”,
Renewable Energy 76 (2015): 768-781.

Bailey, B.; Brower, M.C. and Zack, J.,“Short-Term Wind Forecasting,” in Proceedings
of the European Wind Energy Conference EWEC 1999, pp. 1062-1065,
Nice, France, March1-5,1999.

Bernardet, L.; Wolf, j.; Nance, L,; Loughe, A.; Weatherhead, B.; Gilleland, E.; Brown,
B., “Comparison between WRF-ARW and WRF-NMM objective forecast
verification scores”, 23rd Conference on Weather Analysis and
Forecasting/19th Conference on Numerical Weather Prediction. Omaha,
NE. Accessed June. Vol. 13. 2009.

BIPM, I.; IFCC, I.; IUPAC, I. and ISO, O., “Evaluation of measurement data—guide

for the expression of uncertainty in measurement. JCGM 100: 2008.”,

- 133 -



o

VgrARd s o83 T 8 YA R

o
3k 2 EgdsAe 1y

i

Citado en las 167 (2008).

BIPM, O.; IEC; ILAC; IFCC; IUPAC; IUPAP and OIML, “Evaluation of Measurement
Data—Supplement 1 to the Guide to the Expression of Uncertainty in
Measurement, Propagation of Distributions Using a Monte Carlo Method”,
Joint Committee for Guides in Metrology, Bureau International des Poidset
Mesures, JCGM101(2008).

Bremnes, J. B., “Probabilistic wind power forecasts using local quantile regression”,
Wind Energy: An International Journal for Progress and Applications in
Wind Power Conversion Technology 7.1 (2004): 47-54.

Castellani, F.; Astolfi, D.; Mana, M.; Burlando, M.; Mei3ner, C. and Piccioni, E., “Wind
power forecasting techniques in complex terrain: ANN vs. ANN-CFD hybrid
approach”, In Journal of Physics: Conference Series, Vol. 753, No. 8, p.
082002, (2016, September), IOP Publishing.

Carobbi, C. F., “The GUM Supplement 1 and the uncertainty evaluations of EMC
measurements.”, IEEE-EMC Newsletter 2010 (2010): 53-57.

Chen, F., and Dudhis, J., “Coupling an advanced land-surface hydrology model with
the Penn State NCAR MM5 modeling system. Part |I: Model description and
implementation”, American Meteorological Society, 129(2001): 569-585.

Cohen, A. E.; Cavallo, S. M.; Coniglio, M. C. and Brooks, H. E., “A review of
planetary boundary layer parameterization schemes and their sensitivity in
simulating southeastern US cold season severe weather environments”,
Weather and forecasting 30.3 (2015): 591-612.

Costello, R.; Mccoy, D.; O’Donnell, P.; Dutton, A. G. and Kariniotakis, G. N. ,
“Potential benefits of wind forecasting and the application of More-Care in
Ireland”, In Proceedings of the 3rd MED power conference. (2002,
November).

Couto, P. R. G.; Damasceno, J. C. and de Oliveira, S. P., “Monte Carlo simulations
applied to uncertainty in measurement”, Theory and Applications of Monte

Carlo Simulations. InTech, 2013.

- 134 -



o
o
%

al

Cutler, N.; Jacka, K.; Nielsen, T. S. and Kay, M., “The First Australian Installation of
the Wind Power Prediction Tool,” in Proceedings of the Global Wind
Energy Conference, Adelaide, Australia, Sept. 18-21,2006.

Doubrawa, P.; Montornes, A.; Barthelmie, R. J.; Pryor, S. C. and Casso, P., “Analysis
of Different Gray Zone Treatments in WRF-LES Real Case Simulations”,
Wind Energ. Sci. Discuss., https://doi.org/10.5194/wes-2017-61, 2018.

Dudhia, J.; Hong, S.-Y. and Lim, K.-S.,A new method for representing mixed-phase
particle fall speeds in bulk microphysics parameterizations”, J. Met. Soc.
Japan, 86A(2008): 33-44.

Efe, B.; Mentes, S.; Unal, Y.; Tan, E.; Unal, E.; Ozdemir, T; et al., “72 hr forecast of
wind power in Manisa, Turkey by using the WRF model coupled to
WindSim”®, In Preceedings of the International conference on renewable
energy research and applications (ICRERA 2012): 1-6.

El-Fouly, T. H. M.; ElI-Saadany, E. F. and Salama, M. M. A., “Grey predictor for wind
energy conversion systems output power prediction”, IEEE Transactions on
Power Systems, 21.3(2006): 1450-1452.

Farrance, |. and Robert F., “Uncertainty in measurement. a review of Monte Carlo
simulation using Microsoft Excel for the calculation of uncertainties through
functional relationships, including uncertainties in empirically derived
constants”, The Clinical Biochemist Reviews 35.1 (2014): 37.

Focken, U.; Lange, M. and Waldl, H. P., “Previento-a wind power prediction system
with an innovative upscaling algorithm”, In Proceedings of the European
Wind Energy Conference, Copenhagen, Denmark (Vol. 276), (2001, June).

Foley, M. A.; Leahy P. G.; Marvuglia, A. and McKeogh, E. J. “Current methods and
advances in forecasting of wind power generation”, Renewable Energy
37(2012) 1-8.

Gaertner, M.A.; Gallardo, C.; Tejeda, C.; Martinez, N.; Calabria, S. and Fernandez,
B., “The Casandra project: results of wind power 72-hr range daily

operational forecasting in Spain,” in Proceedings of the European Wind

- 135 -



NFFARDE 0§48 FF 3

o
3k 2 EgdsAe 1y

o

YA R

i

Energy Conference EWEC 2003, Madrid, Spain, July 16-19,2003.

Giebel, G.; Brownsword, R.; Kariniotakis, G.; Denhard, M. and Draxl, C. “The
State-Of-The-Art in Short-Term Prediction of Wind Power: A Literature
Overview”, Risg National Laboratory Publication(2003).

Giebel, G.; Landberg, L.; Nielsen, T. S. and Madsen, H., “The Zephyr Project-The
Next Generation Prediction System”, In Proceedings of the 2001 European
Wind Energy Conference, EWEC(Vol.1, 2002, April, pp.777-780).

Giovannini, L.; Antonacci, G.; Zardi, D.; Laiti, L. and Panziera, L., “Sensitivity of
simulated wind speed to spatial resolution over complex terrain”, Energy
Procedia 59 (2014): 323-329.

Gow, G., “Forecasting Short Term Wind Farm Production’, DTl contract no.
W/45/00572 (2003).

Grell, G. A. and Dévényi, D., “A generalized approach to parameterizing convection
combining ensemble and data assimilation techniques”’, Geophysical
Research Letters 29.14 (2002): 38-1.

Hayes, B. P.; llie, |.; Porpodas, A.; Djokic, S. Z. and Chicco, G., “Equivalent power
curve model of a wind farm based on field measurement data”, 2011 IEEE
Trondheim PowerTech. IEEE, 2011.

Her, S.; Huh, J. and Kim, B., “Formula for estimating the uncertainty of
manufacturer's power curve in pitch-controlled wind turbines”, IET
Renewable Power Generation 12.3 (2017): 292-297.

Her, S.; Kim, B. S. and Huh, J. C., “Verification of the Validity of WRF Model for
Wind Resource Assessment in Wind Farm Pre-feasibility Studies”,
Transactions of the Korean Society of Mechanical Engineers B, 39.9(2015):
735-742.

Holmberg, L. S., “Wind Power Forecasting. A wind turbine manufacturers
persperctive”, Wind Power Poland, PWEA 2016, Warsaw, Poland.

Hong, S.-Y.; Dudhia, J. and Chen, S.-H., “A Revised Approach to Ice Microphysical

Processes for th Bulk Parameterization of Clouds and Precipitation”,

- 136 -



et
ki
M
v

American Meteorological Society, 132.1(2004): 103-120.

Hong, S.-Y.; Noh, Y. and Dudhia, J., “A new vertical diffusion package with an exlicit
treatment of entrainment processes”, American Meteorological Society,
134.9(2006): 2318-2341.

Hong, S.-Y., and Pan, H.-L., “Nonlocal boundary layer vertical diffusion in a
Medium-Range Forecast model’, Mon. Wea. Rev., 124(1996), 2322-2339.

Hwang, M. Y.; Kim, S. H.; Yun, U. |; Kim, K. D. and Ryu, K. H., “Building of
Prediction Model of Wind Power Generationusing Power Ramp Rate”,
Journal of the Korea Society of Computer and Information 17.1 (2012):
211-218.

Jung, J. and Broadwater R. P. “Current status and future advances for wind speed
and power forecasting”, Renewable and Sustainable Energy Reviews
31(2014): 762-777.

Jung, S,; Vanli O. A. and Kown, S.-D., “Wind energy potential assessment
considering the uncertainties due to limited data”, Appl. Energy, 102(2013):
1492-1503.

Kain, J. S., “The Kain-Fritsch convective parameterization: an update”, Journal of
applied meteorology 43.1 (2004): 170-181.

Kariniotakis, G.; Mayer, D.; Halliday, J. A.; Dutton, A. G.; Irving, A. D.; Brownsword,
R. A. and Alexiadis, M. C., “Load, wind and hydro power forecasting
functions of the More-Care EMS system”, Proc. Med Power 2002.

Kavasseri, R. G. and Seetharaman, K., “Day-ahead wind speed forecasting using
f-ARIMA models”, Renewable Energy 34(2009): 1388-1393.

Kelly, R., “New modeling techniques: From wind assessment and forecasting to wind
resource management”, presentation in the Bonneville Power Administration
& California 1SO’s International Wind Forecast Techniques and
Methodologies Workshop, Portland, Oregon. 2008.

Kim, K. B.; Park, Y. H.; Park, J. K.; Ko, K. N. and Huh, J. C., “Feasibility study on

wind power forecasting using MOS forecasting result of KMA”, Journal of

- 137 -



7VgrARd S o83 T8 3 FHHTAHS 1Y

o

YA R

i

the Korean Solar Energy Society 30.2 (2010): 46-53.

Kim, D. and Hur, J. “Short-term probabilistic forecasting of wind energy resources
using the enhanced ensemble method”, Energy 157(2018): 211-226.

Kim, H. G.; Lee, Y. S,; Jang, M. S. and Kyong, N. H., “Development of the Wind
Power Forecasting System, KIER Forecaster”, Journal of the Korean
society for New and Renewable Energy, 2.2(2006): 37-43.

Kim, H. G.; Lee, Y. S.; Jang, M. S., "Cluster analysis and meteor-statistical model
test to develop a daily forecasting model for Jejudo wind power
generation." Journal of Environmental Science International 19.10 (2010):
1229-1235.

Kim, J. Y.; Kim, H. G.; Kang, Y. H.; Yun, C. Y,; Kim, J. Y.; and Lee, J. S., “A Simple
Ensemble Prediction System for Wind Power Forecasting-Evaluation by
Typhoon Bolaven Case”, Journal of the Korean Solar Energy Society,
36.1(2016): 27-37.

Kim, K.-H. and Hyun, S.-G., “Power Performance Testing and Uncertainty Analysis for
a 3MW Wind Turbine”, Journal of the Korean Solar Energy Society 30.6
(2010): 10-15.

Kim, S.,; Kim, J.; Ryn, K. R., “Learning Wind Speed Forecast Model for Predicting
Power Generation by Wind Turbine”, In Proceedings of KIS Fall
Conference 2014, Vol. 24, No. 2.

Kusiak, A.; Zheng, H. and Song, Z., “Wind farm power prediction: a data-mining
approach”, WindEnergy: An International Journal for Progress and
Applications in Wind Power Conversion Technology,12.3(2009):275-293.

Kwon, S.-D., “Uncertainty analysis of wind energy potential assessment’, Appl.
Energy, 87.3(2010): 856-865.

Landberg, L. “Short-term prediction of local wind conditions”, Journal of Wind
Engineering and Industrial Aerodynamics 89(2001): 235-245.

Lang, S.; Mohrlen, C.; Jorgensen, J.; Gallachoir, B. O. and McKeogh, E., “Aggregate

forecasting of wind generation on the irish grid using a multi-scheme

- 138 -



et
ki
M
v

ensemble prediction system”, In international solar energy society uk
section-conference-c (Vol. 85, 2006, April, p. 89).

Lange, M. and Focken, U. “State-of-the-art in wind power prediction in germany and
international developments”, In Second Workshop of International Feed-In
Cooperation (Vol. 94, 2005, December).

Larson, K., “State-of-the art in wind forecasting”, presentation at Putting Wind on the
Wires-ArizonaWindPowerForumFriday,Phoenix,Arizona.2008.

Lin, Y.-L.; Farley, R. D. and Orville, H. D., “Bulk parameterization of the snow field in
a cloud model”, J. Climate Appl. Meteor., 22(1983): 1065-1092.

Lo, J. C. F,; Yang, Z. L. and Pielke, R. A., “Assessment of three dynamical climate
downscaling methods using the Weather Research and Forecasting (WRF)
model”, Journal of Geophysical Research: Atmospheres, 113.D9(2008).

Mahmoud, G. M. and Hegazy, R. S., “Comparison of GUM and Monte Carlo methods
for the uncertainty estimation in hardness measurements”, International
Journal of Metrology and Quality Engineering 8 (2017): 14.

Mao, Y. and Shaoshuai, W., “A review of wind power forecasting & prediction. In
Probabilistic Methods Applied to Power Systems (PMAPS)’, 2016
International Conference, IEEE, (2016, October): 1-7.

Magsood, |.; Khan, M. R.; Huang, G. H. and Abdalls, R., “Application of soft
comupting models hourly weather analysis in southern Saskatchewan,
Canada”, Engineering Applications of Artificial Intelligence 18 (2005): 115-
125.

Marti, 1., “Wind Forecasting Activities,” in Proceedings of the First IEA Joint Action
Symposium on Wind Forecasting Techniques, published by FOI Swedish
Defence Research Agency, Norrképing, Sweden, pp. 11-20,Dec.2002.

Mendoza, I.; Hur, J.; Thao, S. and Curtis, A., “Power performance test report for the
US department of energy 1.5-Megawatt wind turbine”, NREL, Golden, Colo
(2015): 1-55.

Methaprayoon, K.; Yingvivatanapong, C.; Lee, W. J. and Liao, J. R., “An integration

- 139 -



NFFARDE 0§48 FF 3

o
3k 2 EgdsAe 1y

o

YA R

i

of ANN wind power estimation into unit commitment considering the
forecasting uncertainty”, IEEE Transactions on Industry Applications,
43.6(2007): 1441-1448.

Mortensen, N.G.; Landberg, L.; Troen, I. and Petersen, E.L., “Wind Atlas Analysis and
Application program (WAsP), Users Guide,” Risg National Laboratory,
Roskilde, Denmark, 1993.

Nielsen, H.Aa.; Nielsen, T.S.; Joensen, A.K.; Madsen, H.; and Holst, J., “Tracking
timevarying coefficient-functions,” Int. J. of Adapt. Control and Signal
Processing, vol. 14, no. 8, pp. 813-828,2000.

Niu, G.-Y.; Yang, Z.-L.; Mitchell, K. E.; Chen, F.; Ek, M. B.; Barlage, M.; Kumar, A.;
Manning, K.; Niyogi, D.; Rosero, E.; Tewari, M. and Xia, Y., “The
community Noah land surface model with multiparameterization options
(Noah-MP):1.Model  description and evaluation  with  local-scale
measurements”, Journal of Geophysical Research: Atmospheres
116.D12(2011).

Okumus, |. and Dinler, A.“Current status of wind energy forecasting and a hybrid
method for hourly predictions”, Energy Conversion and Management
123(2016): 362-371.

Park, B. and Hur, J., “Accurate Short-Term Power Forecasting of Wind Turbines: The
Case of Jeju Island’s Wind Farm”, Energies, 10.6(2017): 812.

Park, Y. H.; Kim, K. B.; Her, S. Y.; Lee, Y. M. and Huh, J. C., “A study on the wind
data analysis and wind speed forecasting in Jeju area”, Journal of the
Korean Solar Energy Society 30.6 (2010): 66-72.

Pei, L.; Moore, N.; Zhong, S.; Luo, L.; Hyndman, D. W.; Heilman, W. E. and Gao, Z.,
‘“WRF model sensitivity to land surface model and cumulus
parameterization under short-term climate extremes over the southern
Great Plains of the United States”, Journal of Climate 27.20 (2014):
7703-7724.

Pinson, P., Kariniotakis, G., “On-line assessment of prediction risk for wind power

- 140 -



e
Ao
o

al

production forecasts”, Wind Energy: An International Journal for Progress
and Applications in Wind Power Conversion Technology 7.2(2004):119-132.

Pinson, P.; Madsen, H.; Nielsen, H. A.; Papaefthymiou, G., and Kléckl, B., “From
probabilistic forecasts to statistical scenarios of short-term wind power
production”, Wind Energy: An International Journal for Progress and
Applications in Wind Power Conversion Technology 12.1(2009):51-62.

Precision Wind, Precise Stream-Inside the Precision Wind Forecast Service, brochure
available at the Wind Power 2009 Exhibition, 2009.

Quan, H., Dipti S. and Abbas K., “Short-term load and wind power forecasting using
neural network-based prediction intervals”, IEEE transactions on neural
networks and learning systems 25.2 (2014): 303-315.

Rodrigues, A.; Pecas Lopes, J.A.; Miranda, P.; Palma, L.; Monteiro, C.; Bessa, R;;
Sousa, J.; Rodrigues, C. and Matos, J., ‘EPREV -A Wind Power
Forecasting Tool for Portugal”, In Proceedings of the European Wind
Energy Conference EWEC2007, Milan, Italy, 2007.

Ruiz, J. J.; Saulo, C. and Nogués-Paegle, J., “WRF model sensitivity to choice of
parameterization over South America: validation against surface variables”,
Monthly weather review 138.8 (2010): 3342-3355.

Salcedo-Sanc, S.; Perez-Bellido, AM.; Ortiz-Garcia, EG; Portilla-Figueras, A.; Priet, L.;
Paredes, D., “Hybridizing the fifth generation mesoscale model with artificial
neural networks for short-term wind speed prediction”, Renew Energy
34(2009): 1451-7

Sanchez, |.; Usaola, J.; Ravelo, O.; Velasco, C.; Dominguez, J.; Lobo, M. G. and
Alonso, M. “Sipredlico-a wind power prediction system based on flexible
combination of dynamic models. application to the spanish power system”
In Poster on the World Wind Energy Conference in Berlin, Germany,
(2002, June).

Soman, S., S.; Zareipour, H.; Malik, O. and Mandal, P., “A review of wind power and

wind speed forecasting methods with different time horizons”, North

- 141 -



NFFARDE 0§48 FF 3

o
3k 2 EgdsAe 1y

o

YA R

i

American power symposium (NAPS), 2010. IEEE, 2010.

Stefanakos, Ch.N. and Vanem, E., “Nonstationary fuzzy forecasting of wind and wave
climate in very long-term scales”, Journal of Ocean Engineering and
Science 3(2018): 144-155.

Tascikaraoglu, A. and Uzunolu, M. “A review of combined approaches for prediction
of short-term wind speed and power’, Renewable and Sustainable Energy
Reviews 34(2014):243-254.

Taslimi-Renani, E.; Modiri-Delshad, M.; Elias, M. F. M. and Rahim, N. A.,
“Development of an enhanced parametric model for wind turbine power
curve”, Applied energy 177 (2016): 544-552.

Teoen, |, and Mahrt, L., “A simple model of the atmospheric boundary layer
sensitivity to surface evaporation”, Bound.-Layer Meteor., 37(1986),
129-148.

Troen, |. and Petersen, E.L., “European Wind Atlas,” published for the EU
Commission DGXII by Risg National Laboratory, Denmark, 1998.

Wang, J.; Botterud, A.; Bessa, R.; Keko, H.; Carvalho, L.; Issicaba, D.; Sumaili, J.
and Miranda, V.,“Wind power forecasting uncertainty and unit commitment”,
Applied Energy 88.11 (2011): 4014-4023.

Yan, J.; Liu, Y.; Han, S.; Wang, Y. and Feng, S., “Reviews on uncertainty analysis of
wind power forecasting”, Renewable and Sustainable Energy Reviews 52
(2015): 1322-1330.

Yang, H.; Qiu, J.; Meng, K.; Zhao, J. H.; Dong, Z. Y. and Lai, M., “Insurance strategy
for mitigating power system operational risk introduced by wind power
forecasting uncertainty”, Renewable Energy 89 (2016): 606-615.

Zack, J. W.; Brower, M. C. and Bailey, B. H., “Validating of the Forewind model in
wind forecasting applications”, In Talk on the EUWEC Special Topic
Conference Wind Power for the 21st Century, Kassel, Germany (2000,
September, pp. 25-27).

Zuluaga, C. D., Alvarez, M. A. and Giraldo, E., “Short-term wind speed prediction

- 142 -



et
ki
M
v

based on robust Kalman filtering: An experimental comparison”, Applied

Energy 156(2015): 321-330.

- 143 -



- 144 -



Appendix

Appendix

Appendix A. WRF model installation

O ZH|ATRS

complier (Intel, PGI, GNU)

url @ http://www2.mmm.ucar.edu/wrf/users/download/get_source.html

- “read_wrf_nc"I1E 2

url : http://www2.mmm.ucar.edu/wrf/users/download/get_source.html
- zlib(version 1.2.3), PNG(version 1.2.12), JasPer(1.701.0) source tr&
url @ http://www2.mmm.ucar.edu/wrf/users/download/get_source.html

- Geographical Input Data T2

WRF source(Version 3.8.1) & WPS source(Version 3.8.1) L&

url © http://www2.mmm.ucar.edu/wrf/users/download/get_sources_wps_geog.html

- Netcdf(version 4.1.3) .2

url @ ftp://ftp.unidata.ucar.edu/pub/netcdf/netcdf-4.1.3.tar.gz

Q 4zl =M

1. complier Az| -> 2. zlib AX| -> 3. PNG AX| -> 4. JasPer A4%z| -> 5. Netcdf AZ|

-> 6. WRF x| -> 7. WPS Hz|

- MEISHAE oY 2z

Q zlib A%
#1/bin/bash
export CC=icc
export CXX=icpc

export F77=ifort
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export FC=ifort

export F90=ifort

export CPP="icpc =E’

export CXXCPP="icpc -E’

export FFLAGS="-03 -xHost -ip -no-prec-div’

export CFLAGS="-03 -xHost -ip -no-prec-div’

export CFFLAGS="-03 -xHost -ip -no-prec-div’
Jconfigure —prefix="Mz|A4&"

make:; make install

Az 4E : libza 448

O PNG AX
#!/bin/bash
export CC=icc
export CXX=icpc
export F77=ifort
export CPP="icpc =E’
export CXXCPP="icpc -E’
export FFLAGS="-03 -xHost -ip -no-prec-div’
export CFLAGS="-03 -xHost -ip -no-prec-div’
export CFFLAGS="-03 -xHost -ip -no-prec-div’
Jconfigure —prefix="Mz|4&"

make; make install

22| 4& : libpng.a 4
Q JasPer Az|
#!/bin/bash
export CC=icc
export CXX=icpc
export F77=ifort
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export FC=ifort
export F90=ifort
export CPP="icpc =E’
export CXXCPP="icpc -E’
export FFLAGS="-03 -xHost -ip -no-prec-div’
export CFLAGS="-03 -xHost -ip -no-prec-div’
export CFFLAGS="-03 -xHost -ip -no-prec-div’
export LDFLAGS="-L/"zlib, PNG &Z| AZ" -z -lpng’
ex) ‘-L/path -lz -lpng’
Jconfigure —prefix="42| A Z"

make:; make install

Mz MZ ! libjasper.a A

O Netcdf AZ|

#1/bin/bash

export CC=icc

export CXX=icpc

export F77=ifort

export FC=ifort

export F90=ifort

export CPP="icpc =F’

export CXXCPP="icpc -E’

export FFLAGS="-03 -xHost -ip -no-prec-div’

export CFLAGS="-03 -xHost -ip -no-prec-div’

export CFFLAGS="-03 -xHost -ip -no-prec-div’

export CPPFLAGS="-1/"zlib, PNG, JasPer 4z|= include Z&"
ex) ‘~I/path/include’

export LDFLAGS="-L/"zlib, PNG, JasPer Mz| lib A&"
ex) ‘~L/path/lib’

Jconfigure —prefix="Mdz|ZA&"
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make; make install

Mz HZ : libnetcdf.a, libnetcdff.a, netcdf.inc 4443

X

F

E
SIS
Ba8d

aw A
O =

riek

3

- export NETCDF=/path

- export WRFIO_NCD_LARGE_FILE_SUPPORT=1

- JASPERINC=/path/include

- JASPERLIB=/path/lib

- source /opt/intel/compilers_and_libraries_2018/linux/bin/compilervars.sh intel64

- source /opt/intel/impi/2018.1.163/biné4/mpivars.sh intelé4

o 4 3
- .Jconfigure 34
- Sl ZE= compileret HE2 #o| M MH

checking for perl5... no

checking for perl... found fusr/bin/perl (perl)

Will use NETICDF in dir: /share home/jmandel/lib/netcdf

PHDF5 not set in environment. Will configure WRF for use without.

If you REALLY want Grib2 output from WRF, modify the arch/Config new.pl script.
Right now you are not getting the Jasper lib, from the environment, compiled into WRF.

Please select from among the following supported platforms.

Linux x86 64, PGI compiler with pgcc (serial)

Linux x86 64, PGI compiler with pgecc (smpar)

Linux x86 64, PGI compiler with pgcc (dmpar)

Linux x86 64, PGI compiler with pgec (dm+sm)

Linux x86 64 i486 i586 i686, ifort compiler with ice (serial)
Linux xB6 64 i486 i5B6 i686, ifort compiler with icc (smpar)
Linux x86 64 i486 i5B6 1686, ifort compiler with icc (dmpar)
Linux x86:64 i486 i586 i686, ifort compiler with icc (dm+sm)
136_64 Linux, gfortran compiler with gcc (serial)

10. =x86_64 Linux, gfortran compiler with gecc (smpar)

11. x86_64 Linux, gfortran compiler with gecc (dmpar)

12. 136_64 Linux, gfortran compiler with gcc (dm+sm)

- RN R T R S S

o

Enter selection [1-12] :

oxl

- “configure.wrf” MY A2 x3l{LE|= ASho| OfA4 £
o
°

=
ex) intel compiler® 7
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DM_CF
DM_CC
CFLAGS_LOCAL = -w -03 -ip xHost
LDFLAGS_LOCAL = -ip xHost

FCBASEOPTS_NO_G = -xHost ...... % “-xHost” 27t

mpiifort -f90=%(SFC)
mpiicc -cc=$(SCC) -EMPI2_SUPPORT

L/usr/local/lib -Inetcdf -Inetcdff

% "-lz -Im"7t WS ME 9Je

LIB_EXTERNAL = -L$(WRF_SRC_ROOT_DIR)/external/io_netcdf -lwrfio_nf

- Jcompile em_real 2>&1 compile.log AI3H

- Mz M& : run 240 real.exe, wrf.exe, ndown.exe, tc.exe 4

- AT A MXRIMUS AHEY Error AR &9 & fclean A#5t0]

- Jconfigure AlsH

- SigEE i UH

| - —

Will use NETCDF in dir: /share_home/jmandel/lib/netcdf
Configuring to use jasper library to build Grib2 I/O...
SJASPERLIB = /share_home/jmandel/lib/netcdf/1ib
$JASPERINC = /share_home/jmandel/lib/netcdf/include
SGEOTIFF or SLIBTIFF not found in environment, configuring to build without GeoTIFF I/O...

Please select from among the following supported platforms.

1. PC Linux x86 64, Intel compiler serial, NO GRIB2

2. PC Linux x56:64, Intel compiler serial

3. PC Linux xB86_64, Intel compiler DM parallel, NO GRIB2

4. PC Linux x86 64, Intel compiler DM parallel

5. PC Linux 1486 1586 1686,x86_64 gfortran compiler, serial, NO GRIR2

6. (gross) PC Linux x86 64, gfortran compiler, serial

7. PC Linux x56_64 (IAEZ and Opteron), PGI compiler 5.2 or higher, serial, NO GRIB2
8. PC Linux xB86_64 (IA64 and Opteron), PGI compiler 5.2 or higher, serial

9. PC Linux x86 64 (IA64 and Optercn), PGI compiler 5.2 or higher, DM parallel, NO GRIB2
10. PC Linux x56:64 (IA64 and Opteron), PGI compiler 5.2 or higher, DM parallel

11. PC Linux x86 64, g9%5 compiler, serial, NO GRIR2

12. PC Linux 356:64, g95 compiler, serial

13. PC Linux x56_64, g2%5 compiler, DM PARALLEL, NO GRIB2

14. PBC Linux x86_64, g9%5 compiler, DM PARALLEL

Enter selection [1-14]
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- “configure.wps” &4

- Of2fQ} 20| “~Inetcdff” 2757

WRF_LIB = -L$(WRF_DIR)/external/io_grib1 -lio_grib1 \
-L$(WRF_DIR)/external/io_grib_share -lio_grib_share \
-L$(WRF_DIR)/external/io_int -lwrfio_int \
-L$(WRF_DIR)/external/io_netcdf -lwrfio_nf \
-L$(NETCDF)/lib -Inetcdf -Inetcdff

- Jcompile em_real 2>&1 compile.log A3H

- A

L

2| & : geogrid.exe, ungrib.exe, metgrid.exe AiAd

= o
- AT A| MR 2ITUS AT Error HIAIZ] #9l & /clean st 2u
ME USS ANE & M3 AAE
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Appendix B. Homepage for real-time wind power forecasting

) . I ETISHE Z AT §4 wsnzzs) [ oamzmse) f  saenge ]
//"J = ;ﬂ’é % O & A A= ; [ Update Time : 2018-10-05 18:14:04
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/a EN LR g [ wsmzoam [ wsna@ses) [ gmmmae ]
9{..) ZHUMIZFOE A AH Update Time : 2018-10-05 13:08:59
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Appendix C. Shell script for WRF model

C.1 GFS file download function

gfs_file_get(){
cd "$GFS_PATH"
if [ ! -d "$SYEAR" ]; then
mkdir "$SYEAR"
fi
cd "$SYEAR"
if [!-d gfs."$START_DATE" ]; then
mkdir gfs."$START_DATE"
fi
NEW_GFS_PATH="$GFS_PATH"/"$SYEAR"/gfs."$START_DATE"
### Download GFS DATA for anl
cd "$NEW_GFS_PATH"
GFS_file_anl_name=gfs.t"$SHOUR"z.pgrb2."$GFS_file_deg".anl
###Download GFS DATA each time
let index=0
while [ "$index" -le "$RUNNING_TIME" ]; do
if [ "$index" -le 9 ]; then
indexstr="00"$index"
elif [ "$index" -le 99 ]; then
indexstr="0"$index"
else
indexstr="$index"

fi

GFS_file_full_name=gfs.t"$SHOUR"z.pgrb2."$GFS_file_deg".f"$indexstr"
if [ ! -f "$GFS_file_full_name" ]; then
ncftpget ftpprd.ncep.noaa.gov ./ /pub/data/nccf/com/gfs/prod/gfs."$START_DATE"/"$GFS_file_full_name"
if [ "$?" -ne 0 ]; then
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echo rm -f "$GFS_file_full_name"
rm -f "$GFS_file_full_name"
return 1
fi
else
echo "$GFS_file_full_name" Exists
fi
let index=index+gfs_step_time
done

return 0

C.2 WPS Process function

wps_process()

{ echo WPS RUN

echo EDIT WPS namelist.wps
rm -f namelist.wps
cp -f SWPS_namelist namelist.wps.temp
linecount="wc -l namelistwps.temp | cut -d' ' -f1°
start_date_line="grep start_date namelist.wps.temp -n | cut -d":" -f1°
end_date_line="grep end_date namelist.wps.temp -n | cut -d":' -f1°
head -n $((start_date_line-1)) namelist.wps.temp > namelist.wps
echo ' start_date =
"MESYEAR"-"$SMONTH"-"$SDAY"_"$SHOUR":00:00""",""""$SYEAR"-"$SMONTH"-"$SDAY"_"$
SHOUR":00:00™","""$SYEAR"-"$SMONTH"-"$§SDAY"_"$SHOUR":00:00""","""$SYEAR"-"$SMO
NTH"-"$SDAY"_"$SHOUR":00:00"™,"""$SYEAR"-"$SMONTH"-"$SDAY"_"$SHOUR":00:00"™,'
""$SYEAR"-"$SMONTH"-"$§SDAY"_"$SHOUR":00:00"™,' >> namelist.wps
echo ' end_date =
""SEYEAR"-"SEMONTH"-"$EDAY"_"$EHOUR":00:00"™,""""$SYEAR"-"§SMONTH"-"$SDAY"_"$
SHOUR":00:00™™","""$SYEAR"-"$SMONTH"-"$§SDAY"_"$SHOUR":00:00""","""$SYEAR"-"$SMO
NTH"-"$SDAY"_"$SHOUR":00:00"™',"""$SYEAR"-"$SMONTH"-"$SDAY"_"$SHOUR":00:00"™,'
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""$SYEAR"-"$SMONTH"-"$§SDAY"_"$SHOUR":00:00"™,' >> namelist.wps
let tail_line=linecount-end_date_line
tail -n "$tail_line" namelist.wps.temp >> namelist.wps
rm -f namelist.wps.temp

echo namelist.wps

cat namelist.wps

echo

echo RUN geogrid.exe
time ./geogrid.exe
rsl_message="grep Successful geogrid.log | wc -I'
if [ "$rsl_message" != "1" ]; then

echo

echo geogrid.exe NOT successful!!!

echo

break
fi
echo LINK dfs

NEW_GFS_PATH="$GFS_PATH"/"$SYEAR"/gfs."$START_DATE"
Jlink_grib.csh "SNEW_GFS_PATH"/gfs.t"$SHOUR"z.pgrb2."$GFS_file_deg"*

echo ungrib.exe
time ./ungrib.exe

rsl_message="grep Successful ungrib.log | wc -I'
if [ "$rsl_message" != "1" ]; then

echo

echo ungrib.exe NOT successfull!l for ERA_SC

echo

break

fi

echo metgrid.exe
time ./metgrid.exe

rsl_message="grep Successful metgrid.log | wc -I
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if [ "$rsl_message" != "1" ]; then

echo

echo metgrid.exe NOT successful!!l

echo

break
fi

C.3 Edit namelist function

edit_namelist()

{ echo EDIT WRF namelist.input
linecount="wc -l namelist.input.temp | cut -d' ' -f1°
start_date_line="grep start_year namelist.input.temp -n | cut -d":' -f1°
end_date_line="grep end_second namelist.input.temp -n | cut -d"' -f1°

echo ' &time_control' > namelist.input
echo ' run_days = 0, >> namelist.input

echo ' run_hours = "$RUNNING_TIME"," >>
namelist.input
echo ' run_minutes = 0,) >> namelist.input

echo ' run_seconds

0,' >> namelist.input
#Edit below lines for modify domain number.

echo ' start_year = "$SYEAR",' "$SYEAR",' "$SYEAR",'
"$SYEAR",' "$SYEAR",' "$SYEAR",' >> namelist.input

echo ' start_month = "$SMONTH"," "$SMONTH",'
"$SMONTH"," "$SMONTH"" "$SMONTH",' "$SMONTH",'>> namelist.input

echo ' start_day = "$SDAY"," "$SDAY"," "$SDAY",
"$SDAY™,' "$SDAY"," "$SDAY"," >> namelist.input

echo ' start_hour = "$SHOUR",' "$SHOUR",'
"$SHOUR",' "$SHOUR"," "$SHOUR",' "$SHOUR"," >> namelist.input

echo ' start_minute = "00",' '00",' '00",' '00",' '00",' '00",'>>

namelist.input
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echo ' start_second = "o0o", '00",' '00"," '00"; '00Q", '00",">>
namelist.input

echo ' end_year = "$EYEAR",' "$SEYEAR",

"SEYEAR",' "$SEYEAR",' "$EYEAR",' "$EYEAR",' >> namelist.input

echo ' end_month = "$EMONTH"," "$EMONTH"'
"SEMONTH"," "SEMONTH"" "$EMONTH",' "$SEMONTH",'>> namelist.input

echo ' end_day = "$EDAY", "$EDAY", "$EDAY"
"SEDAY™,' "$EDAY"," "$EDAY"," >> namelist.input

echo ' end_hour = "$EHOUR"," "$EHOUR™,

"$EHOUR"," "$EHOUR™," "$EHOUR™",' "$EHOUR™,' >> namelist.input

echo ' end_minute = "00", ‘00" ‘00" ‘00" ‘00",

'00",">> namelist.input

echo ' end_second = "00", ‘00", ‘00", '00"," ‘00",
'00",">> namelist.input
#Don't edit below lines.
let tail_line=linecount-end_date_line
tail -n "$tail_line" namelist.input.temp >> namelist.input

rm -f namelist.input.temp

C.4 WRF Process function(for parent domain)

wrf_parent()

{ echo

echo WRF

echo

cd "$WRF_parent"
rm -f namelist.input
cp -f $WRF_namelist_parent namelist.input.temp

echo EDIT WRF namelist.input

edit_namelist

echo wrf_parent
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cat namelist.input

echo

echo LINK met_em.d0*
In -sf "$WPS_PATH"/met_em.d0*.nc .

echo real.exe

time ./real.exe
rsl_message="grep SUCCESS rsl.error.0000 | wc -I

if [ "$rsl_message" != "1" ]; then

echo

echo real.exe NOT successfull!! for wrf_parent

echo
break

fi

echo wrf.exe
echo START WREF : “date’

time mpiexec -n "$NTOTALCPU" ./wrf.exe
rsl_message="grep SUCCESS rsl.error.0000 | wc -I

if [ "$rsl_message" != "1" ]; then

echo

echo wrf.exe NOT successfulll! for wrf_parent

echo
break
fi
echo END WREF : “date’

C.5 WRF Process function(for nesting domain)

wrf_pbl()

{ echo
echo WRF
echo
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cd "SWRF_pbl"
rm -f namelist.input

cp -f $WRF_namelist_all namelist.input.temp

ol &3 T B EHHTAHS 13 FHIHAF B

echo EDIT WRF namelist.input
edit_namelist

echo LINK met_em.d0*

In -sf "$WPS_PATH"/met_em.d0*.nc .

echo real.exe
time ./real.exe
rsl_message="grep SUCCESS rsl.error.0000 | wc -I

if [ "$rsl_message" != "1" ]; then

echo
echo real.exe NOT successfullll for wrf_pbl

echo

break
fi

echo ndown.exe

mv wrfinput_d02 wrfndi_d02

mv wrfinput_d03 wrfndi_d03

mv wrfinput_d04 wrfndi_d04

cp -f SWRF_namelist_ndown namelist.input.temp
edit_namelist

echo "START PBL(ndown.exe) :" "date’

In -sf "$WRF_parent"/wrfout_d01_* .

time ./ndown.exe

rsl_message="grep SUCCESS rsl.error.0000 | wc -I

if [ "$rsl_message" != "1" ]; then

echo
echo ndown.exe NOT successfullll for wrf_pbl

echo

break
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fi

rm ./wrfout_d01_*

echo wrf.exe
cp -f SWRF_namelist_d03 namelist.input.temp

edit_namelist

echo wrf_parent

cat namelist.input

echo
mv wrfbdy_d02 wrfbdy_d01

mv wrfndi_d02 wrfinput_d01

mv wrfndi_d03 wrfinput_d02

mv wrfndi_d04 wrfinput_d03

echo START WRF : ‘date’

time mpiexec -n "$NTOTALCPU" ./wrf.exe
rsl_message="grep SUCCESS rsl.error.0000 | wc -I

if [ "$rsl_message" != "1" ]; then

echo

echo wrf.exe NOT successfulll! for wrf_pbl

echo
break
fi
echo END WRF : “date’
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