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Chapter 1  Atmospheric and Oceanic Simulation

In order to analyze the urban heat island phenomena, we have developed a numerical simulation tool, which can directly

resolve urban structures, on the Earth Simulator. Using this tool, the distribution of airflow and temperature in a 5 kilometers

square area in Tokyo was analyzed to evaluate wind passage in the street canyon and cool spot of open space, from the 

viewpoint of urban planning. To grasp each building effect, horizontal mesh resolution was set at 5 meters. The result showed

a good agreement with field measurements, that is, the airflow impacts were weakened and temperature became higher in the

densely built-up areas.
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1. Introduction
Urban districts of Tokyo are located facing the Tokyo

bay, and it is known that sea breezes flow into the whole

area during summer days. Some people call the continuous

open spaces such as the Arakawa-river, the "Kaze no Miti".

In recent years the urban heat island countermeasures

became an important theme for political reasons, thus the

necessity of the quantitative and qualitative evaluation of

environmental resources which exist in urban areas, like

parks, rivers, etc. has been pointed out.

On the other hand, in urban areas various types of build-

ings such as residences, offices, etc. exist in vast numbers,

and the structure of their arrangement is extremely minute

and complicated compared to that of rivers. Therefore, in

Meso-scale analyses, those buildings were generally mod-

eled as roughness parameter. However, it is impossible to

evaluate the airflow in the urban space using above men-

tioned description of buildings.

In this project, we have developed a numerical simulation

tool which can resolve individual buildings, on the Earth

Simulator, toward analysis of the urban heat island. As a

first step, we applied this simulation tool to the analysis of

the distribution of airflow and temperature in a 5 kilometers

square area in Tokyo district using 5 m mesh resolution.

2. Numerical simulation model
The governing equation is based on the k-ε quadratic

equation model in Fig. 1. In order to handle anthropogenic Fig. 1  Governing equations 
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heat release from boilers, the equations for the compressible

flow (low Mach number approximation) were applied. 

3. Target area for analyses
Map of the target area for this study is shown in Fig. 2. It

is the area, whose size is 5 kilometers square, near the mouth

of Arakawa-river in Tokyo. The Arakawa-river runs from

the north to the south in the study area, and urban area

extended on both sides of the river. In the figure, a square

frame is shown to indicate the sample area (500 meters

square) for intensive study. 

mated from the GIS data of Tokyo. 

Other boundary conditions were set as follows;

– Inlet boundary: As for the velocity of winds, south wind

was assumed, and 1/4 power law was applied for the verti-

cal profile of stream-wise velocity (Fig. 3). Standard

velocity of wind was set using the observation data in

Haneda Airport (summer in 1998). The profile of k and 

are set by using local equilibrium theory. 

As for the temperature, a constant value of 28.8°C was set.

– Boundary in the spanwise direction: Symmetry condition 

– Outlet boundary: Neumann condition

– Upper boundary condition: Symmetry Condition 

4.3. Outline of vector parallelization processing

– Vector operation ratio: 99.50%

– Effective performance against the maximum performance:

12.26%

– Division number: 2(x) × 8(y) × 10(z) = 16 divisions

– Number of nodes used: 20 (160 processors)

5. Discussion 
5.1. Results of the whole target area

The horizontal distribution of wind vectors, scalar wind

velocity and temperature at the height of 9.7 m are shown 

in Fig. 4. As for the wind vector distribution, results are

plotted at 100 m intervals. Low-rise buildings (those less

than 2 stories) are not observed at this measured height, 

but due to considerable numbers of middle and high-

rise buildings in the area, a complicated wind velocity 

field is formed. In the vicinity of the coast line, until about

2 km inland, the temperature is extremely low due to the

cooling effect of sea breeze. Furthermore, along the

Arakawa river, distribution of strong winds which coincide

with the direction of prevailing winds is observed, and 

temperatures are lower in these locations. Strong winds and

low temperature are also observed in open spaces such as

streets, channels and vacant lands. Meanwhile in high 

density area of buildings, winds are weak and temperatures

are high in general. 

Fig. 2  Land use of Target area (5 km × 5 km)

4. Method of analyses
4.1. Computational domain and grid system

Beside the analyses area mentioned above, buffer-zones

(smooth 500 m width floors respectively) were set on both

sides of the actual target area. The orthogonal grid was

applied to evaluate the urban terrain and topology explicitly. 

– Calculation area: 6 km (x: east to west) × 6 km (y: north to

south) × 500 m (z: vertical)

– Number of grids: 1,200 (x) × 1,200 (y) × 100 (z)

– Width of the mesh: regular intervals at 5 m (horizontal),

irregular intervals from 1 m to 10 m (vertical) 

Using the point-sampling method on the GIS data of

Tokyo, the data of the locations and the number of stories of

buildings was extracted. Story height was set at 3.5 m.

Building shapes and soil surface undulation were approxi-

mated as stepwise according to the grid lines.

4.2. Boundary conditions

The generalized logarithmic low was applied as boundary

conditions of wind on the surface of earth and building's

walls. The boundary conditions of temperature on those sur-

faces are determined by the data which was obtained from

the calculation of sub-model considering thermal properties

of land use (M. Oguro et al., 2002). Here, land use was esti-

Fig. 3  Vertical profile of the stream-wise velocity V, the turbulent

kinetic energy k, the dissipation rate of turbulent kinetic energy

ε, at the inlet boundary 
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Above mentioned evaluation has been impossible by gen-

erally used meso-scale models. 

5.2. Results of the sample area

The horizontal distribution of airflow and temperature at

the height of 2.5 m in the sample area, whose size is 500

meters square, is shown in Fig. 5. At this scale, the shape

and arrangement of individual buildings affect the formation

of the field of wind and temperature. In the north-south main

street which is located on the left side of Fig. 5, very strong

wind field with the same direction of the upper air is formed,

and temperature is relatively low. In large open spaces

among buildings, although the wind direction is complicat-

ed, the wind speed is large and temperature is relatively low.

On the other hand, in the densely built-up low-rise building

complex displayed on the right side of Fig. 5, the wind speed

becomes very small, and the temperature rises greatly.

The simultaneous air temperature observation (M.

Moriyama et al., 2002) of different types of urban districts in

the summer day showed that the temperatures in the densely

built up residential areas were higher than those in the other

areas. This tendency accords well with our simulation results. 

6. Summary
In this study we analyzed the distribution of temperature

and airflow in a 5 kilometers square area in Tokyo by the

numerical simulation system, resolving the urban terrain and

topology explicitly. As a result, the tendency of the distribu-

tion of temperature and airflow was reasonable compared to

that of previously conducted observation. In this project, we

are planning to analyze the thermal environment in the

whole area of 23 wards in Tokyo. 
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Fig. 4  Horizontal distribution of temperature and wind vectors at the

height of 9.7 m in the whole target area 

Fig. 5  Horizontal distribution of temperature and wind vectors at the

height of 2.5 m in the sample area 
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