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We have investigated the thermal environments from the viewpoint of adaptation to the thermal environment in the city in
summer. Especially, the difference of thermal environment in each block are examined from the numerical simulations. The
aim is characterized for social implementation by considering the actual city shape of buildings and blocks. In this report, we
focused on streets, and evaluated the thermal environment with WBGT index. As a result, we have observed the quite
complicated spatial and temporal distribution of WBGT index. The wind speed is the key for understanding the complex. One
of the measures to improve WBGT index during the walking in the street, is to move during a time when there is an

appropriate wind speed, then the sensible temperature can be lowered.

Keywords : thermal environment, WBGT index, MSSG model

1. Introduction

During the daytime in city blocks, the thermal environment in
downtown areas are generally considered to be bad due to the
heat island phenomenon in summer. In fact, the asphalt pavement
surface of a road exposed to sunlight has a high temperature of
over 60 degrees which causes to high air-atmosphere. On the
other hand, in the streets and blocks where high-rise buildings
exist, the ground temperature is not raised as compared with bare
ground, because the development of atmospheric mixed layers

due to their roughness and solar radiation are shaded by buildings.

Therefore, the thermal environment in the city appears with a
complicated spatial distribution, resultantly, the environment
differs remarkably for each street in the block. In this study, we
have focused on streets, and investigated the causes of different
thermal environments on each street by numerical simulation.
We have evaluated the environment by WBGT index.

The numerical simulation model for out study is the MSSG
model developed by JAMSTEC. In the numerical simulation, the
spatial resolution is 5 m so that the complicated spatial
distribution of street and buildings could be resolved. In addition,
the actual block shape of Yokohama Minato-Mirai 21 district is
adopted as the calculation block, so that more practical results
could be obtained.

2. Model Settings

The simulation model is a building resolving LES. The spatial
resolution is 5 m. The meteorological agency GPV data on July
30, 2016 and August 7, 2015 were used for the meteorological
boundary conditions. These days are selected as the days with

fine sunny days. Only the results from the case of 2016 are
presented here, others are referred in companied Japanese reports.
The calculations are started at noon of local time, and the data
after 12:30 have been used for the analysis.

In this simulation, the boundary conditions of the weather are
adopted as GPV data, so the air temperature and winds change
temporally and spatially in the calculated system. As a result, the
calculated WBGT index has a spatiotemporal distribution
according to the variation. Figure 1 shows the spatiotemporal
distribution of WBGT index on a street on July 30, 2016 in a
color contour diagram. The vertical axis represents time, and the
horizontal axis represents distance along the walking route.
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Fig. 1. Spatial and temporal distribution of WBGT index on
the street from a station to theater. The index is shown in color
contour. Even in the 40 minutes in time and about 500 m in space,
the index drastically changes with the range of 9 degree.
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The color range width is about 9 degrees. The black line shows
the movement line moving with a constant walking speed of 1
m/s as a recognition guide. The light blue vertical stripes around
300 ~ 400 meters reflect the effect of the building shade. In the
displayed 40 minutes, the shade position stays. On the other hand,
there is a spatiotemporal distribution. For example, high values
can be seen between 12:35 and 12:50 around 100 ~ 200 meter.
Resultantly, we can see a large difference in the WBGT index for
walkers during their movement depending on the time when the
walkers start to move.
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Fig. 2. Relation between WBGT index and wind speed (purple
dots). The index gets better with stronger wind. The green dots
show the assumed cases with zero wind speed.

3. WBGT-Wind relation

Figure 2 shows the relation between WBGT index and wind
speed at each point on the street (purple points). The stronger the
wind speed, the lower the temperature of the globe temperature,
the wet-bulb temperature, and the dry-bulb temperature. So, the
WBGT index gets better with stronger wind. Therefore, the
spatiotemporal distribution of WBGT index in Figure 1 reflects
the wind speed distribution. For the lower WBGT index, it could
be better to start walking during a time when wind is apparently
strong. However, when the wind speed is about 6 m/s or more,
the WBGT index is almost constant or the changes become small.
For reference, WBGT index with the zero wind speed cases are
plotted by a green dot in Fig. 2. This value corresponds to the
WBGT index that purely reflects the radiation environment due
to the building shape.

4. Summary

The calculated WBGT index shows the spatiotemporal
complex distribution. In other words, the values differ greatly not
only on “which route do you travel through” but also on “when
you leave” on the same route. Therefore, changing the departure
time has the effect more than changing the route. The main
component of the difference is wind speed. Therefore, it is better

- Earth Simulator JAMSTEC Proposed Project

for you to start when you can expect a certain wind speed. To
realize this, it is necessary to develop a forecast system that can
generate wind speed prediction information. A communication
system in real time is also necessary. We look forward to the nice
social infrastructure in the future.
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