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Ventilation in street canyons contributes to mitigation of extremes in the thermal environment in urban areas. In previous studies, a 
strong relationship between the gross building coverage ratio and the spatial average wind velocity at pedestrian level has been 
confirmed. In this study, the relationship between wind environment and street canyon characteristics was analyzed using CFD and 
a GIS tool. Spatial average wind velocity is explained better by the open space ratio rather than the gross building coverage ratio in 
grids more than 250 m square grid. It means that the open space ratio is more direct indicator to spatial average wind velocity. 
Spatial average wind velocity averaged in the area of about 250 to 1,250 m square grid is meaningful. In this scale, it is possible to 
extract the typical characteristics of wind environment in the street canyon. When the evaluation scale is less than 100 m square, the 
wind environment in street canyons is best evaluated by more specific indicators (e.g., building height and road width) rather than 
spatially averaged indicators. 
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Table1 Calculation conditions 

Turbulence model Standard k-  model 

Pressure solution SIMPLEC method 

Advective term Up-wind difference scheme 

Inflow boundary Power-law, 3.2m/s at 47m high, power: 0.25, 
turbulence intensity: 0.35 

Outflow boundary Zero gradient condition 

Up, side boundary Free-slip condition 

Wall, ground surface Generalized log-law 

Grid resolution 10m x 10m x 1m in the target area 

Total mesh number About 2.6 million in whole objective area
horizontally 
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Fig.1 Objective area 

 

 
Fig.2 Plan of calculation domain in the target area 5-4 

 

 

 
Fig.3 Cross section of calculation domain in the target area 5-4 

Y 

X  
Fig.4 Plan of calculation mesh in the target area 5-4 
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Fig.5 Cross section of calculation mesh in the target area 5-5 

 

 
Fig.6 Wind rose at Osaka observatory in summer fine days 

 

 
Fig.7 Frequency of wind velocity at Osaka observatory when the 

sea breeze is blowing in summer fine days 
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Fig.9 Classification of urban block components 

 

 
Fig.10 Grid partitioning in each scale 

 

 
Fig.11 Relationship between urban block component ratio and 

spatial average wind velocity at the height of 2m on all non-building 

area, averaged in 500m square 

 

Table2 Detremination coefficient by each urban block component 

ratio to spatial average wind velocity at the height of 2m on all 

non-building area averaged in each scale 

 2,500m 1,250m 500m 250m 100m

Gross building coverage ratio 0.83 0.79 0.53 0.40 0.16 

Road ratio 0.56 0.54 0.31 0.17 0.01 

Space around building ratio 0.12 0.01 0.00 0.00 0.01 

Openspace ratio 0.76 0.74 0.64 0.46 0.16 

 

 
Fig.12 Relationship between gross building coverage ratio and 

spatial average wind velocity at the height of 2m on all non-building 

area, averaged in 500m square 

 

 

 
500m, 2,500m 2m 14

500m
R2=0.91

2,500m
R2=0.66

R2=0.92
 

2m
0.7

3 100m
14(b)

2,500m
0.7

250m 1,250m

 

Table3 The ratio of areas where the determination coefficient 

approximated by Normal, Weibull distribution is more than 0.7 

 2,500m 1,250m 500m 250m 100m 

By Normal distribution 25% 50% 55% 51% 29% 

By Weibull distribution 75% 81% 83% 78% 37% 

Wind velocity (m/s)
0.0 5.0

 
Fig.8 Calculation results of wind velocity at the height of 2m on all non-building area 

 

 
Fig.13 Relationship between gross building coverage ratio and the 

other urban block component in grids 500m square 

  
Fig.14 Frequency distribution of wind velocity at the height of 2m 
on all non-building area, and its approximation in grids 500m and 

2,500m square
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The urban climate map is an information and evaluation tool used to integrate urban climate factors and town 

planning considerations by presenting maps of climate analysis. A spatial classification for ventilation near the 
ground surface has not been established. A number of features (e.g., air path, building ground coverage and building 
bulks, building height/street width ratio, street orientation, layout of building disposition, open spaces and greenery 
areas) have been linked to ventilation. Some study results were also used in an air ventilation assessment of Hong 
Kong. Kubota et al. carried out a wind tunnel experiment in 22 residential Japanese neighborhoods and concluded 
that there is a strong relationship between the gross building coverage ratio and the spatial average wind velocity at 
pedestrian level. In this study, the wind environment in a street canyon in Osaka City was calculated using CFD. The 
relationship between the wind environment and street canyon characteristics was analyzed using CFD calculation 
results and a GIS tool, in order to identify the predominant indicators of the wind environment. 

The standard k-  turbulence model was selected for use in the simulation. A general purpose computational fluid 
dynamics software was used for calculation. The area of interest was all of Osaka City (223 km2), which was divided 
into 50 target areas 2,500 m square. Data about individual building shapes handled using a GIS tool, was provided by 
Osaka City Office. The height of each building was calculated by multiplying the floor height from each building use 
by the number of stories specified in the data of each building. Smaller objects (e.g., trees, signs, cars, human bodies) 
could not be reproduced. The size of the calculation domain was 11,000 m x 8,500 m x 550 m. Grid resolution in the 
objective domain is 10 m x 10 m x 1 m. The grid intervals increase gradually horizontally and. Wind speed (3.2 m/s) 
for westerly wind 42 m above the ground, with a power law vertical profile (power: 0.25), were the inflow boundary 
conditions set. 

Calculated results for 10 m square grids were averaged for 100 m, 250 m, 500 m, 1,250 m and 2,500 m square grids. 
Grid partitioning at each scale is shown in Figure 10. Spatial average wind velocity was calculated from all calculated 
results of horizontal wind velocity, without the solid points (such as buildings) in each square grid. Therefore, in the 
case of a 100 m square grid, the spatial average wind velocity might be calculated from an extremely low number of 
wind velocity calculation results. The relationship between the urban block component ratio and the spatial average 
wind velocity averaged over grids 500 m square is shown in Figure 11. Spatial average wind velocity is better 
explained by the open space ratio rather than the gross building coverage ratio. 

When the gross building coverage ratio was less than 30%, the spatial average wind velocity decreased with the 
increase of this ratio. In contrast, when the gross building coverage ratio was more than 30%, spatial average wind 
velocity was almost constant and the open space ratio was almost constant. The spatial average wind velocity was 
explained by the open space ratio in grids more than 250 m square. It means that the open space ratio is more direct 
indicator to spatial average wind velocity. 

Spatial average velocity averaged in the area of about 250 to 1,250 m square grid is meaningful. In this scale, it is 
possible to extract the typical characteristics of wind environment in the street canyon. Two or more peaks of wind 
velocities occur in more larger scale. 

When the evaluation scale is less than 100 m square, the wind environment in street canyons is best evaluated by 
more specific indicators (e.g., building height and road width) rather than spatially averaged indicators (e.g., gross 
building coverage ratio).  
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