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Abstract A high-resolution simulation system using the Weather Research and Forecasting (WRF) model was
developed by conducting sensitivity experiments with three boundary-layer parameterization schemes, namely, Yonsei
University (YSU), Mellor-Yamada-Janjic (MYJ), and Quasi-Normal Scale Elimination (QNSE), to identify the optimal

configuration. The YSU scheme demonstrated superior performance in capturing region-specific wind patterns, enabling a
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3-km resolution simulation via multilayer nesting. Results indicate a substantial improvement in the determination

accuracy of WRF-downscaled wind speeds, particularly during extreme events exemplified by Hurricane Julia’s wind

structure replication. These outcomes provide critical scientific support for offshore wind project siting, grid dispatch

optimization, and risk mitigation strategies in northern Colombia while establishing a transferable methodology for wind-

resource assessment in complex coastal environments globally.

Keywords Northern Colombia, Offshore wind speed, High-resolution simulation, WRF model, Boundary layer

parameterization
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Fig. 1 Elevation map of the study area in northern Colombia and the schematic diagram of the WRF 9-km and 3-km nested simulation scheme.
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Fig. 2 Spatial distributions of average wind fields in northern Colombia during 6—10 Jan 2022 from (a) simulation using the YSU boundary layer
parameterization scheme, (b) simulation using the QNSE scheme, (c) simulation using the MYJ scheme, (d) GFS forecast data (initialized from 1 Jan

2022), and (e) ERAS reanalysis data.
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FHIE,  AEOE R MO T H Rk & DA B B B o A
¥ GFS, WRF 3 km 5 73 #2245 B0 T 6 KR &R
DX F IR T B . 2403, 5 BRAS BN BT . [
I, ARE PR R G T G KRR A ROR
BRI

4 BESHE
ASHIE FEET X RS LM AL A g 2 R 2 A7 2%

1, Ry IR IPEAL T 3T WRE #5200 0 7 R X
BN RS . @i YSU. MYT Al QNSE = fhii 7

ESHTT R EAREE, #iE T YSU 7 RAIAEZ
DX I R A AR e, R 22 R R T B
LT 3 km Z o HE A R . B LA R
0, YSU J7 S AEAE L BF A6 L0 A 350 30 g XU 75 T
KOUAE, PB4tz (MAE) R 0.87 m/s,
BT MY FITQNSE 7% h4h, WRF [ER
JE Ja RGBS B B 25 4R, AR TR A F R
ff] GFS 4Bk N B Tl 55 ERAS F 0 HT % kEl, WRF
9 km. 3 km P R RELECHE AL RE S 15 B R
YA B R b RGEAFAE, B BERE RS IE GFS Bl 48~
{0 IR TR 5 B R A7 BB A 2, AR XU 4 A R P
ERAS T4 i 58 4, JUHAE MR RS F4
RER “Julia” FIRERLH R I A thSk, 3 km
2 A P 1 23 3 AT AN AN R 05 5 R 441 20 i =) B X
HRHIE, A B T /NRE RS R R R
XTI, X R E k. s AT R A
RS B TR RN AR . X T WRF BER
FE 5 R AR B R BRI S, BATA AT RE
H 23 B R B R T AN R RS % TR 2
R FR A PRRTRU R S AR AT DA R I R
RN BN R R AT S 8. WRE Ak RS - T T
RIS PR R G, A s
HUARATHOE Gk RGN T X, A S
PRSI E AT, 5 SUXGE (AR 22
(Jiménez and Dudhia, 2012, 2013; & /2 /R4, 2016; #
M2, 2016; KRS, 2016; XIABFESE, 2019); -
H WRF B8 58 B 5 Hb S Bl T 51 6 (1 X35 30 F0
SRy MR AL, ) AR Xof b 2 R R 5 0 1 3 B A A
TEHLAEIR T X3, W] DL b 3R AIE S A7 R A gl ot
KOE kA CERS S, 2024);  BHAME &1 5
R, R R A A T LU T U
M, MAKE T XHRSE TR, XD TS5
BRI P AN s E s A WRE B2 48 7 REEHIE
RIS HATT &, AR IER AT, K
AL R PE A LA R (BRI A 055, 2023),

M RE S, LR E S Bty RSt
B HEER AR AR R R T T R TR (1R P AN 20
BORERE, JUHAEN R S F B AE /) E R IR
T IXXFT XL H 25 28 A RS R E
BT R EER . R, AR R
Mo Boe, BHME LT X I A R =
JEH SR AR 5 25 B) o e I ST B A PR, PR
il 7B IGAE R S B i AT . LR, R
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