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Effects of Multiscale Terrain Representation on Low—Level Wind
Speed Time Series in High—Resolution WRF Simulations

Song-Lak Kang!, Jung—Hee Ryu?

'Department of Atmospheric and Environmental Sciences, Gangneung—Wonju National University
Institute for Smart Infrastructure, Gangneung—Wonju National University

Surface forcing—such as terrain elevation and surface sensible and latent heat fluxes—plays a critical role
in shaping the atmospheric boundary layer (ABL), which is, by definition, directly influenced by the earth’s
surface. Advanced Air Mobility (AAM), including Urban Air Mobility (UAM), is expected to operate within low-
altitude corridors between about 300 and 600 m above ground level (AGL), a layer strongly modulated by
surface-driven boundary-layer processes, particularly the diurnal cycle associated with alternating surface
heating and cooling. This study systematically examines the effects of multiscale terrain representation on
wind speed time series within the AAM corridor, using idealized large-eddy simulations (LES) with the WRF
model at 100-m grid spacing. Simulations were conducted over a mesoscale domain for the diurnal period
from 09:00 to 21:00 local time (LT), employing terrain datasets at five horizontal resolutions—12 km, 8
km, 4 km, 1 km, and 0.1 km—together with a flat-terrain reference. Results show that regions of the top 1%
wind speed variance, for an initial profile of U = 5m's™ (where U is the mean east-west wind component),
were consistent in simulations using the 0.1-, 1-, and 4-km terrain datasets but diverged with the 8- and 12-
km datasets. Contrary to the expectation of a monotonic increase in temporal variance with finer terrain
resolution, the 4-, 1-, and 0.1-km datasets produced comparable variances, all substantially larger than
those from the 8- and 12-km datasets. When focusing specifically on the top 1% variance values, however,
the 4-km dataset yielded the largest variances, followed by the 1-km and 0.1-km datasets, with clear
distinctions among them. These findings suggest that terrain features on scales several times greater than
the daytime ABL height can exert an unexpectedly dominant influence on extreme wind variability, with
important implications for UAM corridor safety and hazard prediction.

Keywords: Urban Air Mobility (UAM), Atmospheric Boundary Layer (ABL), Terrain representation, Wind
variability

% This work was supported by the Korean Meteorological Administration Research and Development
Program under Grant KMI(RS-2024-00404042)
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Development of a Ultra—High—Resolution Atmospheric Turbulence
Modeling Framework for Urban Air Mobility

Sang—Hyun Lee'?, Won Jung!?, Ji—-Hoon Shin?

'Department of Atmospheric Science, Kongju National University
?Particle Pollution Research and Management Center
SDepartment of Environmental Atmospheric Science, Pukyong National University

As Urban Air Mobility (UAM) systems operate at low altitudes (300-600 m), flight safety can critically be
affected by the atmospheric boundary layer (ABL) turbulence driven by heterogeneous urban structures
and surface thermal inhomogeneity. Therefore, accurate risk assessment due to the ABL turbulence
requires high-resolution wind fields that realistically incorporate surface morphological and meteorological
conditions. This study presents a UAM-targeted ultra-high-resolution (~5m) atmospheric turbulence
modeling framework using the PALM large-eddy simulation model over a UAM testbed in Ulsan, South
Korea. The model is configured with high-fidelity building geometry, terrain elevation, and land cover data
processed from the national GIS database, and diurnal variations in surface temperatures for roofs, walls,
roads, and other surfaces are prescribed from the MUSE model outputs. Test simulation results showed
that the modeling system can effectively capture almost full spectrum of the daytime convective boundary
layer, above several tens meters. While the WRF-LES (100 m resolution) could not resolve the small-scale
turbulence crucial to UAM operations. Sensitivity simulations emphasize the importance of adding reliable
inflow turbulence in predicting the small-scale turbulence. Overall, the proposed modeling framework is
capable of providing the atmospheric turbulence data required for UAM hazard assessment, suggesting its
potential as a foundational component for future real-time operational support systems.

Keywords: Large-Eddy Simulation (LES), PALM, Turbulence, UAM

% This work was funded by the Korea Meteorological Administration Research and Development Program

under Grant (RS—2024-00404042)
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