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Abstract Turbulent motions of different scales and their interactions play important roles in pollutant dispersion over
urban surfaces. However, their daytime and nighttime differences under radiative forcing remain insufficiently understood.
This study investigates correlations between large-scale turbulence and small-scale fluctuations and the associated pollutant
transport over a cubical building array using the PArallelized Large-eddy simulation Model (PALM) coupled with radiative
transfer models. Power spectral analysis, single- and two-point amplitude modulation analyses, and conditional averaging are
conducted. The amplitude modulation method quantifies how the amplitude of small-scale fluctuations varies with large-
scale turbulence. The single- and two-point amplitude modulation methods evaluate the correlations at the same height and
across different heights, respectively. Radiative heating strengthens turbulence, upward heat transport, and large-scale
vertical motions during daytime, whereas radiative cooling produces a near-surface potential temperature inversion,
downward heat transport, and a shallow stable boundary layer during nighttime. Amplitude modulation analysis reveals that
radiative forcing alters the coupling between large-scale turbulence and small-scale fluctuations. During daytime, large-scale
upward heat transport is positively correlated with the magnitudes of small-scale potential temperature and pollutant
concentration fluctuation. By contrast, during nighttime, these relationships weaken or reverse and are confined to the
shallow stable boundary layer. Conditional averaging further shows that these relationships are reflected in pollutant
transport. When large-scale vertical turbulent heat flux deviation during daytime is positive and large, vertically extensive
upward pollutant transport tends to appear. When large-scale vertical turbulent heat flux deviation during nighttime is
negative and large, upward pollutant transport tends to be enhanced locally. These results emphasize the importance of
radiatively induced atmospheric stability differences in interpreting daytime and nighttime changes in multiscale turbulent
interactions and pollutant transport over urban surfaces.
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Fig. 1. Schematic of the building array used in this study.
The building height is denoted by H. Adapted from Fig. 1 of
Kim et al. (2026a).
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speed, (b) resolved turbulent kinetic energy, (c) resolved vertical turbulent heat flux, and (d) resolved vertical turbulent pollut-
ant flux during 14:00~14:30 LST (red) and 02:00~02:30 LST (black). Adapted from Fig. 5 of Kim et al. (2026a).
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