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Effects of Increase in Surface Roughness Length of Building Roof,
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Abstract Understanding flow and pollutant dispersion in urban areas is important to well cope with urban air pollution.
The roughness of urban surface influences urban flow and pollutant dispersion, which necessitates further understanding.
This study examines how the increase in roughness length of each of building roofs, building walls, and roads affects flow and
pollutant dispersion in urban street canyons using the PArallelized Large-eddy simulation Model (PALM). A simulation in
which all the roughness lengths are 0.01 m and three additional simulations in which the roughness length of each of
building roofs (ROOF), building walls (WALL), and roads (ROAD) is increased to 0.05 m are performed. The street canyon-
averaged (pedestrian level-averaged) pollutant concentration is 0.8% (0.7%) lower (higher) in the ROOF simulation, 1.6%
(12.5%) higher in the WALL simulation, and 9.6% (18.0%) higher in the ROAD simulation, than that in the control simulation of
12.5 ug m~3(14.4 ug m3). The magnitude of vertical mean pollutant flux within the street canyon is smaller in the ROOF,
WALL, and ROAD simulations than in the control simulation. Compared with the control simulation, the upward vertical
turbulent pollutant fluxes in the ROOF and WALL simulations are noticeably larger near the roof level and within the street
canyon, respectively. Quadrant analysis at the roof level shows that the frequency of pollutant ejection (sweep) event in the
ROOF simulation is 1.4%p (2.0%p) higher (lower) than that in the control simulation, while that in the WALL simulation is
0.9%p (1.6%p) lower (higher). These frequency changes largely occur in the central part of the street canyon rather than in the
upwind and downwind parts. Meanwhile, the frequency of each turbulent event in the ROAD simulation is similar to that in
the control simulation. This study gives further insights into the effects of increased roughness on pollutant dispersion.
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Fig. 1. Computational domain and building geometries. The black shaded area indicates the area source of pollutants, and H

denotes the height of buildings.
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Fig. 2. (a) Temporally and spanwise averaged pollutant concentration field in and above the target canyon in the CTRL simu-
lation. Temporally and spanwise averaged pollutant concentration difference (each minus CTRL) fields in and above the target
canyon in the (b) ROOF, (c) WALL, and (d) ROAD simulations. Temporally and spanwise averaged streamlines in each simula-
tion are displayed. In {C), the overbar denotes the temporal average and the angle bracket denotes the spanwise average.
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Fig. 3. (a) Temporally and spanwise averaged streamwise (contour) and vertical (shaded) velocity fields in and above the tar-
get canyon in the CTRL simulation. Temporally and spanwise averaged streamwise (contour) and vertical (shaded) velocity dif-
ference (each minus CTRL) fields in and above the target canyon in the (b) ROOF, (c) WALL, and (d) ROAD simulations. The con-
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Fig. 4. (a) Temporally and spanwise averaged vertical mean pollutant flux fields in and above the target canyon in the CTRL
simulation. Temporally and spanwise averaged vertical mean pollutant flux difference (each minus CTRL) fields in and above
the target canyon in the (b) ROOF, (c) WALL, and (d) ROAD simulations.
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Fig. 5. Same as Fig. 4 except for the vertical turbulent pollutant flux.
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Fig. S1. (a) Temporally and spanwise averaged wind speed field in and above the target canyon in the CTRL simulation.
Temporally and spanwise averaged wind speed difference (each minus CTRL) fields in and above the target canyon in the (b)
ROOF, (c) WALL, and (d) ROAD simulations.
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