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Utilizing the perspective of an architecture
experttoimprove the urban environment

Mapping the level of heatstroke hazard in a city
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* Faculty of Environmental and Urban Engineering —— Lecturer Hiroshi M’yaza/ei
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The average summer temperature in Japan continues to rise due to factors such as the effects
of global warming. Just walking around a town can put people at risk of heatstroke, and the term
“disaster-grade heat” is now in common use. Hiroshi Miyazaki is a lecturer in the Faculty of En-
vironmental and Urban Engineering and also a qualified First-Class Architect. He has created a
hazard map for heatstroke and is urging people to use it to build urban spaces that are safe.
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Study of Cooling Methods from Roof Tiles of
Nakamura House, Okinawa
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Gaps between tiles allow
for ventilation
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Attic area created by the soil and the
bamboo, which does not allow water to
pass through but keeps the ventilation

Research laboratory students
investigating roof tiles

AHRICREEIToFELBE  With the students who investigated together
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Involvement in university design as a public servant

—— | understand you used to work for the Hyogo Prefectural Govern-
ment. What kind of work did you do?

| heard that | could be involved in design, so after graduating
from the Faculty of Engineering at Kobe University in 1978, | joined
the Hyogo Prefectural Government as an architect. At first, | was in
charge of licensing work based on the Building Standards Act and
the City Planning Act. After that, | did design work for seven years.

A lot of the design | was involved in was for university-related fa-
cilities, such as the design work when Kobe University of Commerce
(which is now the University of Hyogo) relocated to a new campus.
| was also involved in the work to construct the Faculty of Science
campus of the Himeji Institute of Technology (which is also now the
University of Hyogo), in Kamigori Town in Hyogo Prefecture.

After | left the prefectural government, | worked in the office prepar-
ing for the establishment of a Hyogo Prefectural museum of natural
history (which is currently the Museum of Nature and Human Activities,
Hyogo). | also worked at Institute of Natural and Environmental Scienc-
es of the Himeji Institute of Technology, which is where | began research
on the theme of urban environments. | once conducted an investigation
with elementary schools in the prefecture regarding how cherry blos-
soms bloom earlier in urban areas. | joined Kansai University in 2007.

Specialization in urban environmental planning

—— What kind of research and education are you doing now?

| specialize in urban environmental planning. City planning was
originally conceived from around the end of the 19th century to early
in the 20th century, when problems such as pollution were causing
deteriorating living conditions in large cities such as London and New
York. The original purpose of city planning was to improve the envi-
ronment. However, as cities become more sophisticated, attention be-
gan to turn to matters such as the best arrangement of the buildings,

roads and other urban structures.

My personal opinion is that city planning should now return to its
original purpose. Japan has declared to the world that it will work to-
wards the realization of a low-carbon society by aiming to reduce its
greenhouse gas emissions by 46% from fiscal 2013 levels by fiscal
2030, and to net zero by 2050. This means that for students graduat-
ing from university in the 2020s, these targets will need to have been
met when those graduates are around 30 years old and around 50
years old. It will be necessary for them to use the most important pe-
riod of their working lives to change society. That is the perspective
| take when | study residential architecture and community planning,
and when | instruct the students.

Encouragingly, many of the graduates of my seminar are now
working at major companies and are involved in city development
such as the redevelopment of areas in front of railway stations. My
hope is that they will practice city development that is appropriate for
this era of the environment.

Why the “Nakamura House” is comfortable despite the heat

in Okinawa

—— Please introduce some of your specific research.

From 2008 to 2019, | studied the roof tiles of the “Nakamura
House,” which is a nationally designated Important Cultural Prop-
erty in Okinawa. It is said that the house was built in the middle of
the 18th century. Roof tiles in Osaka and Kyushu become very hot
when the sun shines on them. However, in the case of the Nakamura
House, they remain cool.

The reason for this is the material they are made from. Unlike
modern tiles, the roof tiles on the Nakamura House are unglazed.
This means that they absorb rainwater. The mechanism of the cooling
is that the moisture then evaporates when the sun shines on the tiles,
and heat is taken away by the latent heat of vaporization.
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Shows the flow of people
based on the location infor-
mation obtained from
mobile phones. Red dots
indicate people, and red
\ areas indicate congestion.
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Heat Hazard map
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Extracts hazardous loca-
tions from multiple datasets.
A location with a red dot
means that it is a place with
long hot hours and a high
concentration of people.
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Heat stroke risk maps for Sannomiya, Kobe
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Figure showing the extraction
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Further inspection of the roof revealed that it has a structure that
is full of gaps. Bamboo had been laid first, soil was placed on top of
the bamboo, and then the roof tiles were arranged on top of the soil.
In an experiment, | actually generated a harmless smoke in the attic
area and confirmed how it moved to the outside. The roof of the Na-
kamura House does not allow rainwater to pass through it, but it does
allow water vapor to escape. This prevents the interior becoming hot
and humid, so this makes the interior comfortable.

—— The wisdom of the people of the past was amazing.

| agree. In modern architecture, porous building materials like un-
glazed pottery are disliked. This is because if water is absorbed, then
moss may grow on the material, and also the material may split when
it freezes. However, | learned that people in the past made such great
use of these materials. This was a surprise.

In the postwar period, after the establishment of the Japanese
Industrial Standards (JIS), the goals for roof tiles became to prevent
them from absorbing water and to ensure that no gaps are created
when they are arranged. We thought we were building something new
and better, but | think we had squandered the wisdom of our prede-
cessors on how to handle the heat and we just began to rely on air
conditioning that required energy use.

Gity planning to prevent heatstroke
—— | heard that you are also researching measures against heatstroke.
Recently in Japan, it seems that almost every year more than
1,000 people die of heatstroke. As global warming progresses, this

will no doubt get even worse. As someone in the field of architecture,
| believe that | can contribute to the measures to deal with global
warming through city planning that prevents heatstroke.

There are many different ways to reduce the temperature in a city
area. For example, this includes by creating shade, planting trees,
spraying mist, and changing the materials of the pavements. How-
ever, it is not realistic to try to implement such measures everywhere.
We need to start from the places that are the most dangerous. How-
ever, this leads to the question of where we should start. This is why
we decided to create a map that shows the level of risk of heatstroke
at a glance, with the assumption that it could be put to use by local
governments. The map creation is performed by simulating the heat
and the flow of people at each point in a city area.

As the target area, we selected the central urban area to the
south of the JR Sannomiya Station in Kobe City, Hyogo Prefecture.
Hyogo Prefecture has data indicating the heights of each individual
tree, which were obtained by mounting a sensor called a LiDAR on
an aircraft. We thought that using that data would enable us to per-
form more accurate simulations.

—— Why do you need to know the data on tree heights?

The risk of heatstroke is not just determined by the air tempera-
ture. For example, it feels hotter if there is high humidity, because
sweat does not evaporate. The reflected heat is also a big factor.
When the ground or a wall is heated by sunlight, infrared rays are
emitted from its surface. We feel the heat when those rays hit our
body. In order to simulate the heat in an urban area, it is necessary
to also include the intensity of this reflected heat in the calculations.
Therefore, in addition to the data on the buildings, it is also necessary
to have the data on the trees, which produce shade.

The intensity of the reflected heat is completely different between
man-made buildings and plants. Plants evaporate water when they
photosynthesize, which helps reduce heat. This is one reason why it
is cooler in the shade from trees than in the shadow of a building.

We simulated the heat using data such as temperature, humidity,
wind speed, solar radiation, and the amount of infrared radiation from
buildings. We also added data on the flow of people, which we ob-
tained from mobile phone location data. We expressed all of this in a
map and made it possible to see the points where measures against
heatstroke should be a priority. This was the places where it was hot
for a long time and also there were a lot of people.

An age where safety is more important than the landscape

—— What do you think makes the heatstroke map important?

To use technical terminology, it is because it communicates the
message that if we want to take measures against heatstroke, we
need to improve the radiation environment. This radiation is the re-
flected heat. My hope is that from now on, even if we are only talking
about selecting a single tree, any landscape choices will be made
with consideration of safety as a priority over the appearance. It
would be great if our research could play a role in safe city planning.
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