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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 3-km-

resolution simulation via multilayer nesting. Results indicate a substantial improvement in the determination accuracy of
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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
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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 distribution of average wind fields in Northern Colombia from 6 to 10 January 2022: (a) Simulation using the YSU boundary layer
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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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Fig. 3 Spatial Biases of Simulated Offshore Winds in Northern Colombia from 6 to 10 January 2022 at different boundary layer parameterization
schemes Versus ERA5:(a) YSU scheme, (b) QNSE scheme, (¢) MYJ scheme (initialized from 1 Jan 2022).
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Fig. 4 Average wind fields in Northern Colombia from 6-10 Jul 2022 from (a) GFS, (b) , and (c) 3-km WRF datasets with (d) 9-km WRF and (e) 3-
km WREF detail comparions.
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Fig. 5 Same as Fig. 4, but for 6-10 Jul 2022.
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Fig. 6 Comparison of wind fields for Hurricane Julia in Northern Colombia at 0000 UTC 08 Oct 2022: (a) ERAS reanalysis, (b) GFS forecast data,

(c) WRF simulation data.
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