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We have performed large-scale numerical simulations using the Earth simulator for the estimation of urban heat island phenomena

considering detail locations of buildings and roads by means of CFD (Computational Fluid Dynamics). In this fiscal year, a ten kilo-

meter square area of center of Tokyo was analyzed by using a horizontal grid spacing of 5 m to examine thermal construction in

summer time. For the CFD simulation, building height, land use, anthropogenic heat etc. are databased by a 5 m mesh resolution. In

addition, sun shade at each mesh and each time was analyzed considering complex 3D urban forms for the calculation of heat balance

of urban surfaces. Numerical results showed air temperature is locally high along main streets at 8 o’clock. This situation may be

caused by anthropogenic heat from automobiles of rush hour. In 14 o’clock, simulated air temperatures distributed uniformly except

for cooling spots around sea shore and large parks.
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1. Introduction

Recently, countermeasures against the urban heat island
(UHI) effect, such as reduction of anthropogenic heat release
and enhancement of urban ventilation, have become increasingly
important in Tokyo. The evaluation of urban ventilation
requires the construction of a high-resolution computational
fluid dynamics (CFD) system, which takes account of complex
urban morphology. The morphological complexity arises
from multiscale geometry consisting of buildings, forests, and
rivers superimposed on varying topography. Considering these
backgrounds, we have developed a high-resolution CFD system
and have performed simulations of wind and air temperature
fields of Tokyo using a horizontal grid spacing of 5 m[1] [2]. It
is necessary to accurately handle the heat transfer phenomenon
of buildings or the ground prior to fluid analysis of an urban
area.

In 2011, we improved the calculation method that grasps the
surface temperature of a city in a three-dimensional nonsteady
manner. We conducted a radiate calculation considering
shadow and angle between sunbeam and building walls, and
finally determined the surface temperatures of buildings and the

ground. The simulation day is 10 August, 2007.

2. Location of analysis
A ten kilo-meters quare area of Tokyo is considered for
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analysis (Fig. 1). The computational domain extends vertically
to a height of 500 m and is divided into grid cells that vary in
height from 1 to 10 m with the smallest grid cells closest to the
ground. The domain is horizontally divided into equally-sized
5-m grid cells. In order to obtain the boundary values of the
CFD computational domain, the LOCALS-UCSS model [3] is
run prior to the CFD analysis. The model is run for two domains
with one-way nesting. The length of the sides of the domain
and the grid spacing of the coarse grid model are 300 km and
5 km, respectively, and those of the fine grid model are 100
km and 1 km, respectively. The coarse grid model is run using
initial and boundary values based on data from the Regional
Spectral Model-Grid Point Value (RSM-GPV) provided by the
Japan Meteorological Agency. The period of analysis is from
2100 LST on 9 August, 2007 to 2400 LST on 10 August, 2007.
Figure 2 shows an example of simulation results by LOCALS-
UCSS. Around 23 special wards of Tokyo, urban heat island are

clearly formed.

3. Input data

To calculate the effective volume fraction and the open area
ratio within each grid cell, the polygon data of each building
is extracted from the GIS data of Tokyo. The height of each
building is obtained using the aerial laser measurement data of

the Geographical Survey Institute of Japan. Figure 3 shows the
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Fig. 1 Simulation domain.

Fig. 2 Simulated air temperature distribution at 2:00 on 10 August, 2007.
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distribution of building height in the computational area.
Anthropogenic heat can be classified into sensible heat and
latent heat, and they are treated separately in the CFD model.
Sensible heat includes heat released from buildings, traffic,
and factories. The amount of anthropogenic heat released in
individual grid cells for the time of simulation is estimated using
the reported values in MLIT/MOE (2004)[4]. The estimation
takes into consideration the location of anthropogenic heat
releaseas well as the total area of rooftops, building walls, and
road surfaces in each grid cell. Figure 4 shows the distribution

of anthropogenic heat in the computational area.

4. Results
Air temperature and wind distribution at 8 o’clock are shown

Fig. 5. Main wind direction is north, and air stream is formed

Fig. 3 building height.
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Fig. 4 Anthropogenic heat.
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from north region to Tokyo bay along Sumida-river. In addition,
it is noticed that high air temperature areas are formed along
main traffic roads. This is caused by anthropogenic heat from
traffics. In the morning, sun radiation is not so large, and the
heat amount by traffic is very large in rush hour.

As time goes by, high air temperature area extends over
the land area especially north region. Figure 6 shows air
temperatures and wind at 14 o’clock. Cool spots are seen
around river, large parks and sea shores. This implies that
anthropogenic heat of building and emitted heat from urban
materials are important in the formation of air temperatures in

the daytime.
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Fig. 5 Simulated air temperature and wind distribution (8:00, August
10, 2007).
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Fig. 6 Simulated air temperature and wind distribution (14:00, August
10, 2007).
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