g 71 EA A3 A Als

J. KOSAE Vol. 31, No. 1(2015) pp.1~14

Journal of Korean Society for Atmospheric Environment
DOI: http://dx.doi.org/10.5572/KOSAE.2015.31.1.001
p-ISSN 1598 -7132, e-ISSN 2383-5346

Zo wi oln HUT BNS AR Tx| JNF
SR 2ol M ot ¢l 7

A Study on Effect of Improvement Plan for
Wind Energy Forecasting

Ji-A Jung, Hwa-Woon Lee*, Won-Bae Jeon', Dong-Hyeok Kim",
Hyun-Goo Kim» and Young-Heack Kang”
Division of Earth Environmental System, Pusan National University, Busan, Korea
DInstitute of Environment Studies, Pusan National University, Busan, Korea

PKorean Institute of Energy Research
(Received 28 October 2014, revised 12 February 2015, accepted 26 February 2015)

Abstract

This study investigates the impact of enhanced regional meteorological fields on improvement of wind energy
forecasting accuracy in the southwestern coast of the Korean Peninsula. To clarify the effect of detailed surface
boundary data and application of analysis nudging technique on simulated meteorological fields, several WRF
simulations were carried out. Case_LT, which is a simulation with high resolution terrain height and land use data,
shows the most remarkable accuracy improvement along the shoreline mainly due to modified surface charac-
teristics such as albedo, roughness length and thermal inertia. Case_RS with high resolution SST data shows accu-
rate SST distributions compared to observation data, and they led to change in land and sea breeze circulation.
Case_GN, grid nudging applied simulation, also shows changed temperature and wind fields. Especially, the
application of grid nudging dominantly influences on the change of horizontal wind components in comparison
with vertical wind component.
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Fig. 1. Configuration of the coarse and nested grid domains for the WRF simulations. Circles (®) of the right are the

observational stations.
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Fig. 2. Surface weather chart at (a) 0900 LST 09 April 2014 and (b) 0900 LST 01 October 2013.
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Table 1. Statistics of FNL data between modeled and observed value.

Temperature Wind speed
Station
RMSE I10A CORR MB RMSE I0A CORR MB
Mokpo 2.490 0.651 0.748 -0.674 1.198 0.666 0.445 0.234
Yeonggwang 1.652 0.956 0.925 0.252 1.092 0.861 0.739 0.125
Gangjin 2.023 0.952 0.951 —-0.731 1.195 0.823 0.822 0.674
Muan 1.285 0.966 0.940 0.106 1.604 0.632 0.490 0.990
Biguem 1.718 0.853 0.769 0.564 1.169 0.601 0.399 0.547
Hwawon 3.055 0.629 0.737 -0.327 1.478 0.659 0.454 0.685
Total 2.037 0.834 0.845 —-0.135 1.289 0.707 0.558 0.542
Table 2. Same as Table 1, but for GFS data.
Temperature Wind speed
Station
RMSE I0A CORR MB RMSE I0A CORR MB

Mokpo 2.520 0.659 0.740 —0.848 1.226 0.692 0.447 0.025
Yeonggwang 1.537 0.962 0.935 —0.009 1.063 0.877 0.770 0.130
Gangjin 2.170 0.945 0.944 —0.930 1.332 0.778 0.772 0.799
Muan 1.361 0.962 0.932 —0.127 1.496 0.687 0.623 0.909
Biguem 1.694 0.857 0.764 0.327 1.379 0.541 0.387 0.694
Hwawon 3.060 0.642 0.720 —0.528 1.610 0.661 0.482 0.739
Total 2.057 0.838 0.839 —0.353 1.351 0.706 0.580 0.549
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Fig. 3. Computed topography ((a) BASE CASE, (b) Case_LT) of the fine domain.
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Fig. 4. Computed sea surface temperature (°C) of the fine domain for two episodes.

CASEE HH Aol fAge] 4 =71 9=
o whEhrM gk 245 o], shite FAslgke] BAket &)
sHl EEREEES Ve FA Esta AR
CASE_RSel| A= detA| o] EAE & whedstar Q)
AL E S A0 e e sk drldR
o] P4=AQl @4 0|t} (Donlon ef al., 1999). s+
2x0] Aol A& Pl wWishel AAFe] dAA
s

=
2 3= Y 23 A 2 A=Y 4
sl 8 T35} (Lee et al., 2010; Liu et
al., 2007).
s 5] Hi= A& ¢ FDDA (Four-

Dimensional Data Assimilation)E Al A]&}siv}. Grid

=) 7)373 st A A3 A1 s

Nudging2 $xm2]¢] A2 =9 & 9l 717}
w87l Y % shdoln, detdos Jasle
4214 e] Azt 71 mdlEg 4% AA 21e
W S Yot w=R A A7 271% 9 oS gE

Al 2713l 71A 23 AAFT] el 2o
2714& MAE] exg 2d 4 A gd
(Bowden et al., 2012). Grid Nudging#}A&] $*]x.2]
A= Fhade o7 AFNA AAHT U
(Bowden et al., 2012; Liu et al., 2012). 3A] 7ta}c}
GFSAE2 WRF » 3o 28 313515 0m, 221
3o FAEAE welals] flste] viAt wul el
M= Nudging #4317 shake.



of

3. 4 T}

3.1 BASE CASE Z =}

=<l o] ASOSS} AWSS] B2 kg o] §3}e]
=o) Asjslel o WE A wlmslolch 44T
F27159) 9AL 29 1o Ehigich 29 5
EP_19] o)43] 424 (S, 77, 34), $<he] 7]
23 T4 AALE vERR Zlo|th BASE CASE®)
etas Aates S 25 g 24
o] M 33°C FHa wolshe Aoz vehor] 4
499 FelE 1 0A7h RFASE okl =
F 18°C8) Aol 2 74Am] Fw] ST T Aol
v R Ao Hu ox e Bxe) B9
qolAl vehdiodl, o £ Aoz o W A%
& 48] w57 Zala gk o)k T Aeje] aar
AAAGe] 28] 7)29] USGS Amel A bz
1419507 W Aoz A,

F4o) 2z ww AL vgsh) FerEn
DR EEE I EP R PEREEE
A F7be) Vbt 2% 4 g s megle

N

o

w, 53] 49 9 FZboll o 33m/s2 o 23}
= Ax7F o FA Jepgdeh w3t ozl Yeh=
HEAe] & o] me] A] BASE CASEd]

3 = 35
Ae HES 293x] Estn ©2EFA JehiAY
o= =3 )} BASE CASES] =oAL
EP 20| M= fAbsA| et FdAel| mg Aol &
Bolx] okt

3.2 TME XY Y EX|0|E XAE HE
Aot
23 594 AR AYPrE W B4 IEe

285 243 CASE_LTY] 7|2ExE ®d, )
2.4°Co] Aol Holx glow, 49 99 7&01]*{ =
Fore Al9)Eta e a7} o ghasleeh ofzke] A

Z718 0} xpo|7} melslA] ekgkort BASE CASEEL
o Asterl MAEE oFAS ¥ E3F] BASE
CASEelA o W% Hzg 43 =5k Zid
23, 319 A$ A= Atart A4 A
3tw7} =4 NAE 5, BASE CASEXRE} F71o) =
FHdf 5.5°C, oztell = 1.2°C] 2 7]&3ke]7} et
AR QN e] AAEE A % A wmApme] A

g owd o ARE $4e A% FA 4 AR AM gt AT T

pit

gaAl 2 Aew uddh ¥4 $x0) A% HE
AHE A% A ANH BASE CASEHw
27l Hehmole) Awrt asheleh 53 2
s714e) A% 49 92 F2bel HF 38 miselnd
A7} 0.8 misz el & Hw 4ol vieky
oh g ozbe] 4 w0l Sxe} u]F, Tk ol
AReA shejmele] FEst zhastedon, 49 99
opke] WEol A F& el Afwe] i)
CREEENSREREIMECIE SEER RIS
A= Ay 9 AmAR] w37t 2 ekt
7 A= EP_1ut} ok

3 62 EP_12] CASE_LT<} BASE CASE®?] =}
o]= v}eldl A o]t} 1500LSTS} 0300LST 25 %o
1 0 AN sk A ek A5 sl

o

A& B 4 9lon, 1500LST2] A% FHu 54°C A
%3tk 0300LST =3t sfj oA % FAeo=z IHF
1.5°Ce] 7]&o] 3}7}sla A gt 1411:} =es)x] okok
o} 1500LSTell A $-Fo] 74k5le] )9} uictel] A
ey T FAo vt 4283 At 7)

s oo B4l AASNAST EAo)} 7

A7 glow, B3 walek Al = F4e ngl
o}. 0300LSToll A= 1500LST R b= ulghe] =
o FEAsp vehiAl QabAet sletie 24
uhake] Wk opipel velsel. 72w} uleke] Wi}
A%9 HREe F2 7% USGS 302404 gt
2 985" Agez st Amel Tad=
Ay Y ERe]4xtart YHFHHA 8§74 (Mixed
Dryland/Irrigated Cropland and Pasture) 2 ®}#] ¢ic}
aebx] de| =7} 0.080)A 0.18% 2.25v) Z7)8l%)
a1, EoFpo] 1eA] 0252 1/4v)7} = ¢lo)h =3t
=1 71A7)7F 15000 F7EE R om] IH A (cal
ecm 2k s71%)0] 0.0604 0.04% 7FA= g} o3k
4] Wk s st A oo
o 7le 2ol W Yere Folowd, Aol vt
Zo| = =A 23t Hoz Alg %) (Jeong er al.,
2009).

ot

=
=]

L‘u’

| 25 X2 M Za
A2 g Az} EP_14|
_MW Aolg 9] molx] o
of CASE_LTS] AALsH TAHe] b, ole]
3 AT 39 40 Uepd sl5m SxrzelA

J. KOSAE Vol. 31, No. 1(2015)



8 AAok- o3he - AL - 7B

AR

a9

Mokpo

Temperature (°C)
IS

# Obs.
—— BASE CASE
—— CASE_LT
—— CASE_RS
——— CASE_GN

10 .
8
6
04/08 0900  04/08 2100 04/09 0900 04/09 2100 04/10 0900
Local time
Gangjin
2 - Ob
S.
20 e oter 2 BASECASE
—~ 18 — CASELT
O —— CASE_RS
< 16 —— CASE_GN
o
3 14
EERVE
o a
g 10
(]
=8
6 ok
4
04/08 0900  04/08 2100 04/09 0900 04/09 2100 04/10 0900
Local time
Hwawon
20
s & Obs.
18 * — BASE CASE
—— CASE_LT
16 —— CASE_RS
—— CASE_GN

Temperature (°C)
IS}

10
8
*e
6 ..o
04/08 0900  04/08 2100 04/09 0900 04/09 2100 04/10 0900
Local time
Muan
18 «** # Obs.
—— BASE CASE
~ 16 —— CASE_LT
@) —— CASE_RS
< —— CASE_GN
g
= 12
2 10 '
B
= 8
6 .‘...
4 . .
04/08 0900  04/08 2100 04/09 0900 04/09 2100 04/10 0900
Local time

Wind speed (m/s) Wind speed (m/s) Wind speed (m/s)

Wind speed (m/s)

Mokpo
7
# Obs.
6 — BASE CASE
—— CASE_LT
5 — CASE_RS
By — CASE_GN
-
4
3
2
1
0 -
04/08 0900  04/08 2100 04/09 0900 04/09 2100 04/10 0900
Local time
Gangjin
7
@& Obs.
6 — BASECASE
—— CASE_LT
5 —— CASE_RS
—— CASE_GN
4
3
2
1
04/08 0900  04/08 2100 04/09 0900 04/09 2100 04/10 0900
Local time
Hwawon
7
& Obs.
6 —— BASE CASE
—— CASE_LT
5 —— CASE_RS
CASE_GN
4
3
2
1
0
04/08 0900  04/08 2100 04/09 0900 04/09 2100 04/10 0900
Local time
Muan
6 A + Obs.
—— BASE CASE
\ —— CASELT
5 —— CASE_RS
—— CASE_GN
4
3
2
1
0 +
04/08 0900  04/08 2100 04/09 0900 04/09 2100 04/10 0900
Local time

Fig. 5. Time series of temperature (left panel) and wind speed (right panel) between modeled and observed value of EP_1.

=) 7|88t A) A 31W A 1%



T U R A= A4S 913 FA) 73 SRR A Wk A7 9
4 2014. 04. 09. 1500LST CASE_LT 2014. 04. 10. 0300LST CASE_LT
— - 2 2
RN - A AR ___;,__.."__ T N I !
R R R L = . TR S P | R TR N \
3524+ -8 R R L :
ot 1 ! !
— 354 5 4N ~ 354 4 o~ Sy :
éﬁ ok LR éﬁ o) v ¥
2 3 RN v
o 3484 4 : 0 ° 3484~ f 7 g 0
= P E i
g R El BRI v W :
R YR SRR~ = 346~ w0 X “H
fonoa T R = b R i .
V- o Fm Y A £
344 PP 34.4 Cede Ty
S, o D b, n S »
3m/s ,.ﬂ&“\:'\ /,_fg _ ) i\.q"' i o
PP a..\”—'%'-lﬁb' M/ L | 340 ) f"' Y \g_lﬂ'\ 3 o) -2
125.6 125.8 126 126,2 126.4 126.6 1268 127 125.6 125.8 126 1262 1264 126.6 126.8 127
Longitude (deg) Longitude (deg)
Fig. 6. The difference map of temperature (°C) and wind speed (m/s) of CASE_LT.
. Chilbaldo ’s Chilbaldo
i — BASECASE
~ ., ——— CASE_RS 24
2 L .o O x
> _
| £ xnl
= 2 \
o) 5 \
a, o 214N
£ N - SRy -
& 5 20{e Lo STTTTTITETT Pk W
= .' L o . . "o, .
19 .....-. . ....-
8 18
04/08 0900 04/08 2100 04/09 0900 04/09 2100 04/10 0900 09/30 0900 09/30 2100 10/01 0900 10/01 2100 10/02 0900
Local time Local time

Fig. 7. Time series of modeled and observed (at Chilbaldo (22202) buoy) sea surface temperature of EP_2.
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Fig. 8. Time series of temperature and wind speed between modeled (solid lines) and observed (dots) value of EP_2.
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Fig. 9. The difference map of temperature (°C) and wind speed (m/s) of CASE_RS.
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Fig. 10. The difference map of temperature (°C) and wind speed (m/s) of CASE_GN.

o] a4 20| o3ks FA uhr] wjiEo|t}h(Lee et
al., 2010). 12} 7]&2] FHe] 4w 2EEEo
A} Bleju} EP_29} 2ol FA =] B35t s
Fx7} vepd Aol 1t slad Ame] A
4o FX RO AHIEE Eol=d Fast

A7,

_h

o=

P

3.4 Grid Nudging =& Za}

Grid Nudging 4% 53 &%, 3L, 5
7% Amsst A9 & Y & we] AW
37b vehdon, 53] puigigd e A adst
AdA ez ZA Jvebds fHA 71 AL,
CASE_RS¢} 79| g-A}at okabe- med or} 1500LST
o]¥2 =w|elfe] HjREe] A HeA FH o3}
t A74E ngon Fnc ozt exprl =7
vehgel ¥4 RxAE Grid Nudging®] 4
7 71eRd o adHoz A molE ZA
ZHaAA Ag=rt AeE A v 71 A5
o} w2 ozt & m el At AAE S
£ 4 9, ol#18 2= Grid Nudgingel] AH-=|
B 27 71 Atz oY ER|HAe] At
A= ] Vet Zlolgt BAEW, o) gt AL P

S e g AelAe] BAE vepa
(Lee and Kim, 2009). EP_20| X = 7|23} F4&2 30
] Grid Nudging &3}7} veptov}, 7 &31+= EP_I

B EERE P

EP_12] CASE_GN$¢} CASE_RS®] #lo]2 13
10¢] JeRASE 1500 LSTe|A sjetAAAGS =
Aoz 7ol Agd A3 ZE] 0300 LSTelA &
ke Asfetell A 24 1.8°C 7]2o] =%,
W5} daliteollMs Hd 4.8°Ce] 7o) A=
S33 dlF =3A ] W v

iy

7 ARe) SRl A
ot paggel el $A4 5 AAHA 3 4
5 ARl wedl o) B2 AA
¢l RMSE (Root Mean Squared Error), IOA (Index Of
Agreement), CORR (Correlation)2] x}o]2 7} X2
o] jAl wiekell A3l veRd Zelet F AR 7|7 =
F A= AY g Azl g Abmel W3 mde=

T s ‘/]'E]"/]";]' = s Akse A
EP_lefAl= 22 $Ao)At A4 =S
= &35 B3lov EP_29} 3ol A<l sj4w
<= Fx7b vepd AN A es 2 A
=2 wgch =3} Grid Nudging?] Hg-o02 A
oz FHEoo) AREst 27 UL

35
7417

& H

r_l.,

% nptel] SjEgto =y, A H e o=
Aol FHAES Al A F

< 53 ARRA7E 3 Ryuer al,
2009), &gt FHAAZE A Sel7] A= T

J. KOSAE Vol. 31, No. 1(2015)



12 AR} o)she - AW - AEY - AAT - B4

Table 4. Difference of averaged statistics for each cases between modeled and observed value.

c Temperature Wind speed
ase
RMSE I0A CORR RMSE I0A CORR
LT-BASE -0.515 0.106 0.065 —-0.141 0.050 0.070
EP_1 RS-LT 0.032 —0.002 —0.003 0.036 —-0.013 —-0.020
GN-RS 0.109 —0.010 0.000 —0.203 0.059 0.052
LT-BASE —-0.292 0.091 0.092 -0.913 0.165 0.280
EP_2 RS-LT -0.352 0.053 —0.004 —-0.178 0.014 —0.054
GN-RS —0.055 0.010 0.007 —-0.155 0.069 0.100
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Fig. 11. Error Reduction Rate (%) of averaged NRMSE and NMB between modeled and observed wind speed.
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