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ABSTRACT Improvement of a simple and practical Ensemble Prediction System (EPS) based on multi-models for wind power
forecasting was performed by optimizing various ensemble member combinations. Three types of ensemble methods were compared;
multi-models, multi-physics and hybrid ensemble. Multi-models were composed of four different numerical weather prediction
models; WRF-NMM, WRF-ARW with small and large domains, UM-RDAPS and WW3. WRF-ARW was also used in multi-physics
by designing two different planetary boundary layer and surface layer scheme, respectively. As a result, simulated wind speed from
the multi-models EPS showed smaller root-mean-square error (RMSE) and a higher spread (SPRD) than those of the multi-physics
EPS. Among the five different multi-models, three models such as KIER1, KIER2 and KMA-WW3 were reliable in terms of RMSE
and correlation coefficient (CORR) for all typhoon cases. Therefore, a new EPS constructed by simple averaging the wind speeds
taken from the three models. The new EPS showed a higher correlation and agreement with a value of 1.4% and 2.1% compared to
those in old EPS, respectively.

Key words Wind power forecasting(3 2 o] i), Ensemble prediction system(A} & o] 2 A] 2~ ®]), Multi-model(th3= 2 &), Multi-
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Fig. 1. Analysis domains (UM, KMA, JMA: outer box, KIER1:
inner solid line box, KIER2: inner dashed line box,
KIER3: inner smallest solid line box, HeMOSU—1: cross
hair with circle) and the track of typhoons (Bolaven:
left gray line, Tenbin: middle gray line, Sanba: right
gray line with time stamps, respectively)

Table 1. Description of Ensemble members
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Category Models Experiments Dynamics/Physics
WRF-NMM KIER1 Non—hydrostatic spectral model with full equation
Multi el WRF-ARW KIER2, KIER3 Non—hydrostatic finite different model with full equation
ulti—models
UM—-RDAPS KMA-UM Non—hydrostatic finite different model with full equation
WW3 KMA-WW3, JMA-WW3 Full spectral model
KIER3.1 Meollor—Yamada—dJanjic PBL, Unified Noah LSM scheme
. . KIER3, 2 Mellor—Yamada—Janjic PBL, Rapid Update Cycle LSM scheme
Multi—ph; WRF—-ARW
HUTPRYSICS KIER3.3 Yonsei University PBL, Unified Noah LSM scheme
KIER3.4 Yonsei University PBL, Rapid Update Cycle LSM scheme
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Fig. 2. Chollian satellite images of (a) Typhoon Bolaven (28 August, 2012), (b) Typhoon Tenbin (30 August 2012), (c) Typhoon
Sanba (17 September, 2012) by Korea Meteorological Administration
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Fig. 3. Root mean square error (RMSE) and ensemble spread (SPRD) from multi-models, multi—physics and hybrid models
for Typhoon Bolaven, Tenbin, Sanba and all cases, respectively. Balck and gray box represent RMSE and SPRD,

respectively

e e e e e e e mE FE Wt IR
feschs Votisy (155 5-) Sosohsa Voticry (108 1)

v B M ow oMM o oW oW R EEEEEEE

WE W ueE e urE wE e
Vi spess e pssa

ERRTE T I ) s TN SN O BBENT SN 5N

Fig. 4. Horizontal distribution of absolute vorticity (500 hPa, units: 1/s) and winds (10 m AGL, units: m/s) in (a—d) multi-models
and (e—h) multi—physics. (a,e) 27 km, (b,f) 9 km, (c,g) 9 km, (d, h) 3 km

2016. 10 Vol.12, No.S2 81



08
i
ol
1
oy
o
100
ri)?
0 1l
e
oY
ot
N
oN
pal
08
o
Y
=

31 2,39m/s0] At

T dy} g5 FEY S5kl gt Ul
AA|E] EA8E7] flsiAl 32k A0 ZReRE T V)
AR nd & oA KIERL, thaae| o)A
KIER3, 40l|4] MO BjF-9] Aot 125 Fig. 49 o]
H| AT Bj5-9] EAfol we EEe] gk v
o] SHERZE H| W3ty Qa4 20129 84 26 18 UTC
27km(Fig. 2a, e), 8¥ 27¥ 00 UTC 9km(Fig. 2b, )]
Adjebeel 20124 8¢ 27¢ 00 UTC 3km(Fig, 2¢, g), 8
¥ 274 06 UTC 1km(Fig. 2d, h)9] v&7-& epdlic),
500hPa 9}= E¥E(Fig. 2a—b, e—f)o|A] 100<10°(1/s)%
L9 2o o7} FUSHA el on] Hgxo] BlEs
FAFSHA mofstelet, shARE ths oA BlE5 4l oA
13 50km 7l A oF 20 <107°(1/s) F = ArhekErt
ek, wEka e e Jro| wet wo] zjol7f tha
A vepteh o]¥l 542 Fig, 2c9} Fig, 2g9] 453
3zof| HiJE]o] 20m/s o|ake] FFiel BiFe] o' 5
el vho] & vehg o Bigo] Wyl xgjo] wHk
At E o)A & o 243 gF9] o] et B
o= st HiE Eopl] 555 vhde] FalRh 4
7t 59 345 30&7HA] $IAISHAL F9] 365%=714] 30m/s
oo} 743t vigto] ERItKFig. 2d). SHARF B E-44at
O}t o] Aol & thEEeHlo] 4, 59 34% 20574
757t VRt AL, 35% 30427HA] 30m/s o)/de] 73t vt
o] F= A o' Uehth(Fig, 2h),

i

3.2 YAE HH =

CERYY A W gES EAste] HEkzo
dat ool Qg Al s ekt 20124 8
9 262058 2012 99 199744 71k FoA el A
Ao G AN EH7I7HS Dol ERY
KIER1, KIER2, KIER3, KMA-UM, WW3 183 JMA—
WW32] % 67) WHiS A Ao AN L 4
AR e A XS vlwsioickFig, 5).
AP 2L SR AZA ] 1R 71 T
oA 2glol] AR Bm/s ofste] Algex} ela
A 0.65 o4& H83teTh HeMe] el A

AAZE A E(0]%- D+1)E 71217, 34 wriel A4

0.

i

ox
£

flo
o -

82 AIxHoAX|

2 24A17F o] SR 48A7F oK (0]F D+2)F 7HXITY,
e Eaepile] A9 KIER3OA] D+2 ol 927} 4,730
2 AR 3m/sE 2L, B dIRlS] - KIERS,
KMA-UM 25 D+2 i Q27 331 AA47] 0.80]
skoict. BiE Aol A= KIER3, KMA—UM, “12|il JMA-
WW3ol|A] AFA4=7} 0,42, 0,02 TLEjal 0,44F YAA]
0.650]8F3ie}, whebA] W= B Alglol] tisf o =ealrt
3m/s oJsto|al, AFHA 7} 0,650/ mEE KIER],
KIER2, 181 KMA-WW3$it},

dd00

Fig. 5. Root—-mean—square error (RMSE) and correlation
coefficient (CORR) for forecast day +1 (D+1) and
forecast day +2 (D+2) among ensemble members in
Multi-models. (a—c) represent for Typhoon Bolaven,
Tenbin, and Sanba in 2012, respectively

D

I
C

w

o
>
¢l

Q

£

@ ° >
[oN é ”
< s ,&3
£ < ‘e @

s e

o “"‘ -

4@__3 ~ ’

N 10 ~A ~A "

Observed wind speed (m/s)

Fig. 6. Relationship of observed and simulated wind speed
with 6 hourly intervals during all typhoon cases from
26 August to 18 September, 2012



tsrdofl A eiFuisol thet JFEHH] HHskE
3l 2% AE% KIER], KIER2 183 KMA-WW39]
e B} 71E KIERLY KIER29] A5 Bwtol| tieh
A &dE AR WS Ath(Fig. 6). KMA-WW32] o
HAJZbo|| BhEof 3AIRt 44 0] FtSES 54 S5 ]
W AR}, AA| AR DA =T 22 +1.4%, +2.1% 7Y
A=A, 718 AR At A2|C) o7} = KMA-
WWw3ollA mole ElzolofA ] vl T t7] =4
stofl Al 4ol B8 27] 10m T3 KMA-RDAPSS
afgrEe] o] s E F<5o HEAdo] & KojH
U= Aoz Hilr,

]

O

4. B E

2 AollMs PHE WEE BT BAS Fote] F
Aok PFEHHE FAdste] HEWEAl FEHOEE 9
3 7] 5 AR G AEASAIAES Hekshal
A&A5S MAIsIEE 20124 olZog 33} Ao
2 BAEE A3 Bepl(20124 8¢Y 262~2012d 8

4299, Al14s €Hl(20124¥ 8Y 28U~2012d 8¥ 31
Q), 1g]al A6 AMK2012d 99 15U~2012 99 18
)

2 FHOR FEEY /PHTE 7Vgete] A28

A o] JAEH L teRd, tsEe, 181
sto|Be|E 7|9ke] PAE 7Rl et A=t el s
EIRTACES (o) 5 L e ke i e e B o = TR
B Z2] 4ol gt &gt S we] 2ol Q1|
Hggon terd teEe], 18l dlo|He|s oA

WO a3l gt Alg el 242F 2,65, 6,56,
T18]31 4,60m/s0) 1, YAHE A=y} 742 3,66, 0.79,
1231 3.91m/s 2 TR AN YAE oS 5ol 71

Jestal Az vt AN ESEEAS tiEt S
S 58402 HtE = Qe Ao 2 ERIF)

Theid FollA] S84 9 B8 Ahgago] 7HsS
£212d] 6Z(KIERI, KIER2, KIER3, KMA-UM, KMA—
WW3, L8]aL JMA-WW3)-& -/dsto] efFAted vzt

£ 245t S HES QP4 (reliability) & w415H%

"

-

o}, 24A17F 1Y A R(D+1) et 48417t 2 Sl (D+2)of o}
e Aol AeAlE Hlawsklal 27t ¢l54d5Y
UARE Z¥2} 3m/s, 0,655 28519}, BE Seplo
Ali= KIER39] 48A17F ol &55-459] Alg A7t AAIRN
Zapkelar, e dNlat Aketol A= KIER3, KMA-UM
o] Algeatel AeAR7E AARE LS Hlolstth o
2hA] = B FAR A PRl S Bl E
W= KIER1, KIER2 18|31 KMA-WW3Sith

71 PFEolEA 28" o] QPAFEmIHIE KIERI, KIER2
Qof| 2 Aol A MEA FFERHE F7IRE A2 KMA-
Ww3olth, AEA 53 GAEANSA LTS ASFT45S
71E A|AHoA A5 F5 tin] SEFEAe] A
7F1.4% 12|13l YA =7} 2.1% =0t o550l FAE
o}, b thsRd, o, el sto|He s oMbE
71 M-S Bl asta AEHHE ZAatste] UG5 oA
TET 7| EAIAE o8] e thendrRE e
“J5k3ict,

AR =

2 g7 dEeldArledTd FeARIeR 3%t
AU THGP2014 0030).

References

[1] I.S. Lee, K.S. Kang, B.M. Park, Y.J. Won, B.G. Kim,
N.S. Ahn, 2011, “A study on Current Status and Outlook
of Offshore Wind Development in Korea, J. Sol. Energy
Soc., 36(1), 27-37.

[2] H.-G. Kim, Y.-S. Lee, M.-S. Jang, M.-H. Kyong, 2006,
“Development of the Wind Power Forecasting System,
KIER Forecaster”, New&Renewable Energy, 2(2), 37-43.

2016. 10 Vol.12, No.S2 83



oN
s}
08
oY
ol
11
oy
ol
1o
rdg
0 1l
T}
oY
0t
N
oy
pal
08
o
A
=

[3] KIER, 2013, “The Establishment of New and Renewable
Energy Resource Map & Utilization System”.

[4] J.-Y. Kim, H.-G. Kim, Y.-H. Kang, C.-Y. Yun, C.-K.
Kim, J.-Y. Kim, J.-S. Lee, 2016, “A Simple Ensemble
Prediction System for Wind Power Forecasting —
Evaluation by Typhoon Bolaven Case -, J. Sol. Energy
Soc., 36(1), 27-37.

[5] K.-B.Kim, Y.-H. Park, J.-K. Park, K.-N. Ko, J.-C. Huh,
2010, “Feasibility Study on Wind Power Forecasting
Using MOS Forecasting Result of KMA”, in: Jones,
G.S., Smith, R.Z. (eds.), “Introduction to the electronic
age”, E-Publishing Ins, New York, 281-304.

[6] ANEMOS, 2011, “Wind Power Predictions”, http://www.
windpowerprediction.com.

[71 ANEMOS.plus, 2011, “Advanced Tools for the Manage-
ment of Electricity Grids with Large-Scale Wind
Generation”, http://www.anemos-plus.eu.

[8] Energy.gov, 2015, “Energy Department Announces $2.5
Million to Improve Wind Forecasting”, http://energy.gov/
eere/articles/energy-department-announces-25-million
-improve-wind-forecasting.

[9] IBM, 2013, “Made in IBM Labs: IBM Drives the
Future of Renewable Energy with New Wind and Solar
Forecasting System”, http://www-03.ibm.com/press/
us/en/pressrelease/41310.wss.

[10] Z. Janjic, 2003, “A Non-hydrostatic Model Based on a
New Approach”, Meteorol. Sol. Appl. Phy. 82(1),
271-285.

[11] W.C. Skamarock, J.B. Klemp, J. Dudhia, D.O. Gill,
D.M. Barker, M.G. Duda, X.-Y. Huang, W. Wang, J.G.
Powers, 2008, “A Description of the Advanced Research
WRF Version 3”7, National Center for Atmospheric
Research, Boulder, Co., USA, p125.

[12] Met Office, 2004, “Unified Model User Guide”, p243.

[13] S.H. Yoo, J.-W. Seo, Y.-S. You, S. Park, Y.-H. Youn,

84 AIXHMoIAX|

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

2006, “Comparison of with KMA Buoy Observation
Results in the 2002-2005 year”, Atmosphth Int. Workshop
on Wave Hindcasting and Forecasting, G2, 1-7.

M. Ueno, N. Kohno, 2004, “The development of the
third generation wave model MRI-III for operational
use”, in Proc. 8p243.

Z.1. Janjic, 2002, “Nonsingular Implementation of the
Mellor-Yanmada Level 2.5 Scheme in the NCEP Meso
model”, NCEP Office Note, Boulder, pp.61.

S.-Y. Hong, 2007, “Stable Boundary Layer Mixing in a
Vertical Diffusion Scheme”, J. Korea Metor. Soc., Fall
conference, Seoul, Korea, Oct. 25-26.

F. Chen, J. Dudhia, 2001, “Coupling an advanced land-
surface/hydrology model with the Penn State/NCAR
MMS5 modeling system. Part I: Model description and
implementation”, Mon. Wea Rev., 129, 569-585.

T.G. Smirnova, J.M. Brown, S.G. Benjamin D.Kim,
2000, “Parameterization of cold season processes in the
MAPS land-surface scheme”, J. Geophys. Res., 105(D3),
4077-4086.

J. K. Lee, J.Y. Kim, K.Y. Oh, M.S. Ryu, J.S. Lee, 2011,
“Integrated Measurement System for Offshore Meteoro-
logical Mast of Offshore Wind Farm”, J. of Wind
Energy, 2(1), 53-60.

G.-H. Ryu, D.-H. Kim, H.-W. Lee, S.-Y. Park, J.-W.
Yoo, H.-G. Kim, 2016, “Accounting for the Atmospheric
Stability in Wind Resource Variations and Its Impacts
on the Power Generation by Concentric Equivalent
Wind Speed”, J. Sol. Energy Soc. 36(1), 49-61.

K. T. Tse, S. W.Li, J. C. H. Fung, 2014, “A comparative
stuy of typhoon wind profiles derived from field
measurements, meso-scale numerical simulations, and
wind tunnel physical modeling”, J. wind Eng. Ind.
Aerodyn. 131, 46-58.



	풍력예보를 위한 단순 앙상블예측시스템의 예측성 향상
	ABSTRACT
	1. 서론
	2. 연구자료 및 방법
	3. 결과
	4. 결론
	References


