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Abstract In this study, the effects of trees on flow and scalar dispersion in an urban street
canyon were investigated using a computational fluid dynamics (CFD) model. For this, we
implemented the drag terms of trees to the CFD model, and compared the CFD-simulated
results to the wind-tunnel results. For comparison, we considered the same building configura-
tion as the wind-tunnel experiment. The trees were located at the center of street canyon with
the aspect ratio (defined as the ratio of the street width to the building height) of 1. First, the
flow characteristics were analyzed in the tree-free and high-density tree cases and the results
showed that the CFD model reproduced well the flow pattern of the wind-tunnel experiment
and reflected the drag effect of trees in the street canyon. Then, the dispersion characteristics of
scalar pollutants were investigated for the tree-free, low-density tree and medium-density tree
cases. In the tree-free case, the nondimensionalized concentration distribution simulated by the
CFD model was quite similar to that in the wind-tunnel experiment in magnitude and pattern.
The correlation coefficients between the measured and simulated concentrations are more than
0.9 in all the cases. As the tree density increased, nondimensionalized concentration increased
(decreased) near the wall of the upwind (downwind) building, which resulted from the
decrease in wind speed case by the drag effect of trees. However, the CFD model underesti-
mated (overestimated) the concentration near the wall of upwind (downwind) building.

Key words: CFD model, wind-tunnel experiment, tree-drag effects, flow and dispersion char-
acteristics, street canyon
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Table 1. Leaf area denisity (LAD) with vegetation density
(from Balczo et al., 2009).

Case Vegetation density b (LAD) [m’m™]
1 No vegetation 0
2 Ultra-low 0.25
3 Very low 0.75
4 Low 1.33
5 Medium 3.33
6 High 4.17
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Fig. 1. Numerical domain (left panel) and configuration for buildings and trees (right panel).
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(a) wind-tunnel experiment (Gromke et al., 2008) and (b)
this study.
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experiment (Gromke et al., 2008) and (b) this study.
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Table 2. Statistics calculated using the methods suggested by Change and Hanna (2004).

Tree-free Low density (A = 80) Medium density (A =200)
Data type Wall A Wall B Wall A Wall B Wall A Wall B
NMSE 0.048 0.013 0313 0.262 0.4133 0373
FAC2 0.92 0.99 0.66 0.83 0.57 0.79
FB -0.21 0.115 -0.539 0.502 -0.612 0.591
VG 1.075 1.010 1.524 1.146 1.687 1.225
MG 0.762 1.106 0.522 1.446 0.485 1.570
R 0.93 0.97 0.94 0.94 0.92 0.94
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