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Abstract This study evaluates the simulated meteorological fields with a particular focus on
the low-level wind, which plays an important role in air pollutants dispersion, under the varying
synoptic environment. Additionally, the effects of subgrid-scale orography parameterization and
improved topography/land-use data on the simulated low-level wind is investigated. The WRF
model version 4.1.3 is utilized to simulate two cases that were affected by different synoptic
environments. One case from 2 to 6 April 2012 presents the substantial low-level wind speed
over the Korean peninsula where the synoptic environment is characterized by the baroclinic
instability. The other case from 14 to 18 April 2012 presents the relatively weak low-level wind
speed and distinct diurnal cycle of low-level meteorological fields. The control simulations of
both cases represent the systematic overestimation of the low-level wind speed. The positive
bias for the case under the baroclinic instability is considerably alleviated by applying the sub-
grid-scale orography parameterization. However, the improvement of wind speed for the other
case showing relatively weak low-level wind speed is not significant. Applying the high-resolu-
tion topography and land-use data also improves the simulated wind speed by reducing the posi-
tive bias. Our analysis shows that the increased roughness length in the high-resolution
topography and land-use data is the key contributor that reduces the simulated wind speed. The
simulated wind direction is also improved with the high-resolution data for both cases. Overall,
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our study indicates that wind forecasts can be improved through the application of the subgrid-
scale orography parameterization and high-resolution topography/land-use data.

Keywords: Wind fields, WRF model, Synoptic environment, High-resolution surface data,

Subgrid-scale orography parameterization
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Fig. 1. Surface weather charts at (a) 0900 KST 03, (b) 0900 KST 04, and (c) 0900 KST 05 April 2012.
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Table 1. Summary of the WRF model configurations.

WRF V4.1.3

References

Domain 1 Domain 2

Number of grid
(xxyxz)
Cumulus
PBL
Surface layer

Land surface
Long/short wave

160 x 180 x 65 160 x 180 x 65

Kain-Fritsch No Cumulus

Yonsei University Scheme
Revised MM35 Monin-Obukhov scheme
Unified Noah Land Surface Model
Rapid Radiative Transfer Model for General

Kain and Fritsch (1990);
Khain (2004)

Hong et al. (2006)
Jiménez and Dudhia (2012)
Chen and Dudhia (2001)
Tacono et al. (2008);
Morcrette et al. (2008)

radiation Circulation Models
Inltlal/b'o}mdary ERAS 0.25 Degree Hersbach et al. (2020)
conditions
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Table 2. Summary of experiments conducted in this study.
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Expt Description
NOJD Experiment without the subgrid-scale orography parameterization
D Experiment with the subgrid-scale orography parameterization
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