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Table 2. Examples of recent CFD simulations that resolve individual buildings in urban areas.

Literature Application (turbulence model) Horizontal domain size [m2] Vertical domain height [m]

Ashie & Kono (2011) Thermal environment (RANS) 33000 x 33000 500

Baik et al. (2009) Pollution dispersion (RANS) 980 x 1140 500

Blocken & Pearson (2009) Wind environment (RANS) 3000 x 3000 500

Bou-Zeid et al. (2009) Wind environment (LES) 1500 x 1500 500

Hanna et al. (2009) Pollution dispersion (RANS) Approximately 3200 x 900 Approximately 650

Xie & Castro (2009) Pollution dispersion (LES) 1200 x 800 200

Nozu et al. (2008) Wind load (LES) 2048 x 1024 800

Oguro et al. (2008) Wind environment (RANS) 10000 x 10000 400

Tamura (2008) Wind load (LES) 2900 x 1200 1000

Burrows et al. (2007) Wind environment (RANS) 2100 x 2100 300

Chan et al. (2007) Pollution dispersion (RANS) 1030 x 3010 425

Flaherty et al. (2007) Pollution dispersion (RANS) 900 x 1200 300

Hendricks et al. (2007) Pollution dispersion (RANS) 1400 x 1400 200

Huang et al. (2005) Thermal environment (RANS) 400 x 400 450
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cally between 1 and 10m, and a 
buffer region of 1.5km is placed 
around the analytical range. Us-
ing a high speed supercomput-
er named the Earth Simulator 
(Japan Agency for Marine Earth 
Science and Technology), a total 
of about 5 billion grid cells (in-
cluding the buffer range), 300 
calculation nodes, and 16 hours 
were required. The spatial scale 
of the domain in the present 
simulation is one of the largest 
ever investigated in an urban 
CFD study (see Table 2). 

 Figure 5 (left) shows the re-
sults of calculating the air tem-
perature at a height of 10m above the ground. In this 
time period, the south wind was almost always domi-
nant, and the air temperature increased downwind to 
the north. The air temperature was particularly high 
from Nerima to Saitama. On the other hand, it shows 
that on the seaside part of the right side of the analyti-
cal range, the air temperature was relatively low.

A close examination of the air temperature distribu-
tion shows that stripe-shaped high temperature areas 
are partially formed. These thermal stripes lie from south 
to north and are distributed along the regional wind di-
rection. As shown in Fig. 5 (right), many stripe-shaped 
high temperature areas are formed along trunk roads 
running in the south-north direction. The tra!c vol-
ume is heavy and buildings are also concentrated along 
trunk roads, resulting in large arti"cial heat exhaustion 

Figure 3. Diagram of urban heat island analysis.

Figure 4. CFD analytical domain.

¦¡ȑUrban Climate News, Quarterly Newsletter of the IAUC, No. 41, Sep. 2011 �
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2.1. Five-stage domain analysis

The research activities in the past three consecutive years are briefly described as
follows. In the beginning year of this project, the basic frame of the wind field
simulation model was designed through several analyses on the existing models.
A multi-step wind simulation model with five stages nesting method was adopted
and the features of each domain (sub-model) are shown in Fig. 2. The biggest
territory (1st Domain) covers an approximate region of a scale about 500 km!
500 km! 10 km, while the smallest region (5th Domain) occupies an approximate
region of a scale of about 1 km! 1 km! 1 km. Windfield with 10m resolution will be
obtained through five stages nesting method with initial data of grid point values
(GPV) and ground information (topography and surface conditions). Meteoro-
logical models are used for Domains 1–3. Computational models used for the 5th

ARTICLE IN PRESS

Fig. 1. Development of the local area wind energy prediction system (LAWEPS).

(footnote continued)
Academy), Kazuhiko Kato (NEDO), Yutaka Nobue (NEDO), Takao Saito (Obayashi Ltd), Hiroto
Kataoka (Obayashi Ltd), Kiyotoshi Ootsuka (Obayashi Ltd), Tetsu Fusegi (Bitorapo Ltd), Tetsu Nakao
(E&E Solutions Inc.), Ken Usui (E & E Solutions Inc.), Hideki Kato (E & E Solutions Inc.), Hironori
Hayashi (Japan Weather Association), Takahiko Uematsu (Japan Weather Association), Yasushi Suzuki
(Japan Weather Association), Shinnozyou Suzuki (Japan Weather Association), Ritsuko Sasaki (Japan
Weather Association).

S. Murakami et al. / J. Wind Eng. Ind. Aerodyn. 91 (2003) 1759–1776 1761
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