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The Bright Side of Urban Shrinkage:

Steps toward Restructuring Cities

Junichiro Asano

One urgent challenge resulting from the rapid population decline in Japan today is the problem of urban shrinkage. Profes-

sor Junichiro Asano is engaging in this major theme from the viewpoint of a “land utilization plan”: an approach to prevent

city dilution; a way to utilize the sprawling empty space and abandoned houses; and a method to maintain or reconstruct

the city to be an attractive and comfortable place to live in. As a specialist, he is keen to present the problems after fully

understanding the current conditions and tasks, and to encourage people to discuss the newly proposed suggestions.

Interview and report by Madoka Tainaka

Making the current problems

clear, taking the role of the City

Planning Law into account
In August 2017, The Architectural Institute
of Japan published a book entitled “Land
utilization plan during the urban shrinkage
period: Challenges and approaches to
create a diverse urban space.” The leader
who coordinated this book project, Profes-
sor Junichiro Asano, served as the chief
examiner for the “Land Utilization Problems
Committee” of this institute for over four

years until last year. His research achieve-
ments included writing part of the book,
and engaging in selecting writers, including
international researchers.

Professor Asano explains “the purpose of
this book was to lay out the challenges of
land utilization plans in full, clarifying the cur-
rent challenges and identifying problems. In
more concrete terms, the book is split into
two parts: Symptoms and Solutions; and
individual problems occurring in both met-
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ropolitan areas and provincial cities
are explained in detail.”

The main theme of the book is the
land utilization plan system which
Professor Asano specializes in: the
so-called “dividing system” and
“development permission system.”
The dividing system is a system clas-
sifying urbanization promotion and
control areas based on the City Plan-
ning Law. The development permis-
sion system secures the purposes of
this classification. Both systems work
for the purpose of healthy urban de-
velopment, by restricting areas to be
developed and promoting planned
urbanization.

Professor Asano explains, “These

systems were established pursuant to the
new City Planning Law, which became
effective in 1968, and Japan can rightly be
proud of them. Originally, they were made
for the purpose of systematically designing
urban district development, in preparation
for future population increases. However,
these systems later also functioned as a ma-
jor deterrent of suburban sprawl. They are
valuable systems and should continue to be
maintained in the future for the purpose of
environmental protection in rural areas and
the promotion of sensible planning for mak-
ing cities compact. However, various op-
erational issues were discovered following a
decrease in population. Pointing out these
challenges and suggesting their solutions is
one of the objectives of my research.”

Need for a land utilization plan that

can adapt to changes over time
So far the City Planning Law has undergone
several major amendments in response to
the slowing of population growth and the
new reality of an aging society. In 2000, a
major amendment was made to include
deregulation measures, and in 2006, the
amended City Planning Law was estab-
lished, including strict regulation of large
scale shopping and leisure centers regard-
ing opening their stores in the suburbs, and
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expanding the development permission
system to include public facilities. These
amendments gradually paved the way for
introducing city functions and residential
areas in accordance with social changes.

However, Professor Asano indicates that
today the existing model is facing difficulties
of maintaining a healthy city appearance.

“The premise of the conventional basic land
utilization plan is beginning to show cracks
due to urban shrinkage. If the population
density in an area designated for urbaniza-
tion falls below 40 people per hectare,
maintaining the city planning area becomes
difficult. Now, some areas designated for
urbanization are forced to shrink because
of reclassification. Decline in population
density in cities will be an inevitable problem
in the future, and discussion on the appro-
priate density is required.”

Due to population decrease, area shrink-
age seems necessary for maintaining city
functions. However, on the other side of
the compact city debate is the fear that the
suburbs may be abandoned.

Then, in 2014, the Location Adequacy Plan
pursuant to the amended Urban Renais-
sance Special Measure Law was formu-
lated. “This is an idea of gradually shrinking
not only the central business district but also
connected areas, by creating multiple cores
in suburbs and connecting them to public
transportation and other networks. Con-
structing welfare facilities in the cores allows
for the creation of senior friendly towns,
and the shrinkage plan will be reviewed
every five years in order to align with current
circumstances.”

In recent years, various regional revitaliza-
tion programs were started by means of
the “Town, People, and Work Creation Law”
to address the overconcentration of the
population in the Tokyo area and to improve
the appeal of all regions across the country.
In 2015, the Special Measures Concerning
Unoccupied Housing Act came into effect.
These programs show a national intention of
giving a soft landing to the urban shrinking
problem through establishing new regula-
tions while effectively utilizing the current
law systems.

“This national position itself is characteristi-
cally Japanese, though that is not necessar-
ily a negative thing. However, the approach
of restructuring cities by means of a land
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Fig.2 Shrinking situation in Nagasaki city

utilization plan needs to be discussed in
more depth. Moreover, in the future, raising
points of discussion regarding the method
of designing law systems seems to be part
of our roles as specialists.”

What it means to learn from

international case studies
Another current interest of Professor Asano
is in comparing the situation of Japanese
cities to other cities abroad.
Professor Asano said, “In Europe and the
US, the problem of urban shrinkage has
been discussed in the early stages and re-
searchers are actively engaging in interna-
tional comparative studies. There are many
researchers motivated to learn from case
studies in other countries from the viewpoint
of preventative resilience, such as recovery
and defense strategies, rather than dealing
with the problem after it has occurred, as
Japan has done.”

However, especially in Europe, the way in
which public services are viewed is greatly
different from in Japan. City functions,
including public transportation, are consid-
ered as a public right, so they are neither
planned nor operated on a profit basis.
Urban areas and other areas are clearly di-
vided and the discussion about unoccupied
housing issues is made from the viewpoint
of how to fill the “holes” in a city.

“The scattered dilution phenomenon seen in
Japan is caused by vague boundary lines
between urban areas and other areas, and
itis difficult for people in Europe to relate to.”
“Even so, discussion with international
researchers is very productive. In Japan,
the discussion of urban shrinkage seems
to be unbalanced, focusing only on
limited themes such as problems regard-
ing increasing sparsity and unoccupied
housing in cities. However, international
researchers speak freely of reconsidering
the Linear Shinkansen, or moving towards

Feature Stor!

an active immigration policy, though such
topics would be deemed as taboo in Japan.
Actually, it is true that the opening of the
Shinkansen increased the overconcentra-
tion in Tokyo, and acceptance of immigrants
may lead to preventing a decline in the labor
population.”

“Individual cultures and regulations are
different, though they all face the same
problem of urban shrinkage. Listening to
opinions from international researchers is
very productive.”

Also, Professor Asano says that multiple
causes exist for urban shrinkage and that
there are different solutions for each cause.
As was seen in the dramatic change in
towns caused by the Great East Japan
Earthquake and the following accident in
the nuclear power plant, natural disasters
and accidents can cause urban shrinkage.
Whereas, as seen in Russia, Ukraine, Ro-
mania, and Syria, rapid changes in society
and the ravages of war also can cause ma-
jor changes in town appearance. He says
that it is also important to learn from several
different types of cases such as these.

“The population decrease is a negative fac-
tor; however, we must consider it as an op-
portunity to improve cities effectively. There
is no silver bullet that will fix everything im-
mediately, but even so | am highly motivated
to raise points of discussion and provide
some advice as a specialist to contribute to
further discussion.”

Professor Asano said that seeing changes
in towns based on policies incorporating
his suggestions is the real pleasure of
city research. He also said that he is keen
to contribute to city creation while more
actively collaborating with  international
researchers in the future.

[Reporter’s Note]

Professor Asano said that though he has had many
opportunities to visit countries in his research, he
feels “he likes Japan better” each time he comes
back. “InFinland, since the 19th century, cities were
designed with modern architecture and the quality
of design is very high. The level of education is also
high and it has a substantial social security system.
There is a relaxed air there. We have many things to
learn from Finland, which built such attractive cities
with a population of 10 million people.” Moreover,
he said that allotment gardens such as “Koloni-
have” in Denmark and “Kleingarten” in Germany
also give clues on handling urban shrinkage. There
are many things to be learned from European
countries; not only about city appearance, but also
about workstyles and leisure time.
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Researcher Profile
Dr.Junichiro Asano

Dr. Junichiro Asano received his B.A. and M.S. degrees in architecture and civil engineer-
ing in 1991, 1993, respectively from Toyohashi University of Technology, Aichi, and
he received a Ph.D. degree in urban engineering in 2001 from The University of Tokyo,
Tokyo, Japan. From 1993 to 1994, he belonged to Sekisui House Ltd. and from 1994
to 2008, to Nagano National College of Technology, Nagano, Japan, as a permanent
academic staff. Since 2008, he joined the Department of Architecture and Civil Engineer-
ing, Toyohashi University of Technology, where he is now serving as a Full Professor.

Reporter Profile

Madoka Tainaka is a freelance editor,
writer and interpreter. She graduated in Law
from Chuo University, Japan. She served
as a chief editor of “Nature Interface”
magazine, a committee for the promotion
of Information and Science Technology
at MEXT (Ministry of Education, Culture,
Sports, Science and Technology).
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Preface to the Special Issue

Architecture and Civil Engineering to Protect and Enrich Living

By Yuzuru Miyata

Research HighlightH

The Great East Japan Earthquake
that occurred on the 11th of March
2011 gave us a great shock and was
a source of deep sorrow. The scars
still remain vivid in the afflicted area.
Quick reconstruction and restoration
for this unprecedented earthquake as
well as developing disaster-resistant
buildings and regions are important
issues for the future development of
Japan.

Meanwhile, in the future, our society
is expected to experience resource
constraints and depletion due to the
environmental changes caused by
global warming, such as reduction in
energy consumption and lack of wa-
ter and food. Furthermore, Japanese
society has to reconstruct its social
systems, buildings, and the mainte-
nance of social infrastructure, while
addressing the declining birthrate
and aging population.

In order to respond to such social
demands we must face many chal-

https://www.tut.ac.jp/english/newsletter/

lenges, such as developing flexible
and strong disaster resistant buildings
and regions that enable people to live
safely and securely, converting our
emphasis on material wealth to focus
instead on quality of life, and finally
properly managing the construction/

social infrastructure and national
environment that surrounds us. New
technologies are required to realize
these goals. In addition, we have to
create outstanding engineers who
are capable of acquiring the skills we
need to forge such a future.

The mission of the Department of
Architecture and Civil Engineering at
Toyohashi University of Technology is
to study the technology we will need
for designing urban and rural archi-
tectural and social infrastructures,
and national landscapes as well as
managing them as a system to pro-
vide a safe, secure, and high-quality
living environment for the future. We
therefore offer an educational pro-
gram designed to nurture engineers

who possess these valuable skills. In
other words, we combine architecture
and civil engineering, both traditional
academic disciplines, and we are
challenging new academic fields that
proactively incorporate elements of
social science and humanities.

In terms of research, we focus on
the basic research essential for the
sustainable development of cities and
regions, as well as creative research
to create new value for the future. The
overall goal of our curriculum is to nur-
ture practical and creative engineers
and researchers capable of succeed-
ing on the international stage, having
expertise in their fields of architecture
and social infrastructure, as well as
useful design and management capa-
bilities.

For this special issue, we asked four
young researchers representing the
Department of Architecture and Civil
Engineering at Toyohashi University
of Technology to introduce their latest
research. We would like you to learn
about the activities of our department
through this issue. We believe that this
special issue will serve the readers’
interests.
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Hesearch Highlights

Seeking Large Spatial Structures Resilient to

Earthquakes

Study on the seismic design of shell and spatial structures

By Shoji Nakazawa

Nakazawa, a professor at the Structural Mechanics Laboratory, and his team
are proposing new analysis and design methods that take the buckling phe-
nomenon into full consideration, and are conducting research on analytical
methods and analysis software for seismic design in order to realize a safer
and freer structure with respect to the “shell and spatial structures,” which
are widely used as column-less large spaces such as school gymnasiums,
sports arenas, and industrial structures such as tanks. We are also con-
ducting research on an earthquake-resistance evaluation method based on
earthquake risk analyses considering economic losses due to damage of
nonstructural material, in addition to damage to major constructional material
and the losses from the cessation of the building functionality. In addition, we
are also working on parallel computing to implement them efficiently.

A“Shell and Spatial Structure” has a curved surface
structure like a shell (dome, cylinder, etc.), and can
cover a huge column-free space with thin and
narrow parts (Fig. 1). Therefore, shell and spatial
structures are widely used in industrial structures
such as tanks, school gymnasiums, sports arenas,
and others. This type of structure has a relatively
high public interest and requires a high earthquake
resistance. In particular, it is expected that school
gymnasiums are to be used as evacuation facili-
ties after earthquakes, and earthquake resistance
performance evaluation for nonstructural materials,
including ceiling materials, is gaining attention.

Fig.1 Shell and spatial structure

Our laboratory is conducting research on buckling
design and earthquake-resistant designs for shell
and spatial structures. Shell and spatial structures
often use thin and narrow parts. Also, if compres-
sion is applied to the entire structure like a dome,
a buckling phenomenon will occur, which means
that an elongated part rapidly bends out in a lateral
direction when compression is applied from both
ends. Furthermore, when designing shell and
spatial structures, it is necessary to take account
of both the total buckling (shell buckling), in which
the entire structure buckles, and individual buckling
(Euler buckling of the columns), in which the parts
buckle. We propose new analytical and design
methods that take full account of these buckling
phenomena.

For earthquake-resistant designs of shell and spa-
fial structures, we are developing analysis software
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Earthquake Environment

Fig.2 Outline of seismic risk analysis

and conducting research on analysis methods to
consider the questions, “How do buildings shake
when an earthquake is occurring?”, and “At what
intensity of shaking will buildings collapse?” We
also are proposing a shell and spatial structure with
base isolation devices and vibration dampers, in
order to realize spatial structures that are safe, even
when larger earthquakes occur.

In addition, at our laboratory, we are developing
a seismic performance evaluation method based
on earthquake risk analyses. In conventional
earthquake-resistant designs, a design method
that takes into consideration the yield strength and
the deformability of the main structural members
(columns, beams and earthquake-resistant walls)
are adopted. Nowadays, the need for an evalu-
ation of earthquake resistance performance that
combines the damage of non-structural materials,
including ceiling materials, and the function mainte-
nance performance of buildings is increasing. The
Earthquake Risk Analysis is a method of stochasti-
cally obtaining earthquake hazard (Seismic hazard
curve) according to the construction position of the
buildings and the amount of damage inflicted by
the earthquake (Seismic loss function) from build-
ing strength and deformability. This method allows
us to evaluate in consideration of economic losses
due to the damage of nonstructural materials, in
addition to damages to major constructional materi-
als and losses due to the cessation of the building

functionality.

By adopting this method: 1) it is possible to design
buildings in such a way as to take account of the
expenditure that the building will require during
its service period (LCC, Life Cycle Cost. 2) It is
possible to quantitatively measure the reduction
in costs which results from installing base isola-
tion devices and vibration dampers and to judge
the effectiveness of seismic strengthening. 3) It
can be used for analyzing earthquake function
maintenance performances in school gymnasiums,
factories, medical facilities, etc.

administrative host

Submit jobs,
cotrol

rm jobs

Excution hosts

Fig.3 Parallel grid computing system

Furthermore, a faster computer is required to
perform high-precision numerical analyses and
earthquake risk analyses of large-scale structures
such as shell and spatial structures. For example, in
the seismic risk analysis, a large number of calcula-
tions (so-called Monte Carlo simulation) have to be
performed in order to consider earthquake inputs
and variations in the yield strength in structures.
Therefore, we position parallel grid computing
(Fig. 3), an HPC (High-Performance Computing)
method, as the basic technology for our numerical
analysis method and are also conducting research
on simple HPC construction methods and how to
utilize them in the field of construction civil engi-
neering. Specifically, we are proposing optimization
methods using a grid system and a genetic algo-
rithm, and large-scale structural analysis methods
using a grid parallel computing system.
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Research Highlight

Utilizing Digital Fabrication Tools to Enjoy Designing Chairs
with Parents and Children

Open the possibilities of woodworking to local communities with digital fabrication tools by means of a computer-aided design system that anyone can easily operate

By Akihiro Mizutani

The 3D CAD system, which can design 3D chairs by a simple opera-
tion, developed by Mizutani, a lecturer of the Department of Architec-
ture and Civil Engineering, is developed in such a way that anyone
can easily operate it. The chair-making workshop was designed so that
parents and children can enjoy making chairs together using the digital
fabrication of the system. In the chair-making workshop: (1) The parents
and children design the original chair that matches the child’s figure,
(2) the miniature model is processed and produced with the laser cut-
ter, and (3) the actual product is processed with the CNC router. This
ICT-applied technology could revolutionize aspects of future society.
We expect a personal manufacturing revolution to open up new pos-
sibilities for the local community, applying such digital fabrication tools.

In recent years, digital fabrication tools, such
as laser cutters and CNC routers, which had
previously only been used by industry, have
been developed into individual manufactur-
ing facilities as tools available for personal
use. Diffusion of such digital fabrication
has dramatically changed the opportunities
for manufacturing by individuals. It is also
becoming apparent that the creation of a
community centered on manufacturing can
be carried out by networking on the Web
and SNS. Our activities are aimed at building
regional communities where manufactur-
ing and community formation is actively
performed using such digital fabrication. We
designed chair making workshops specifi-
cally focused on children and their guardians
with the goal of targeting citizens who have
had little involvement in manufacturing and
digital fabrication so far.

In the chair-making workshop: (1) The par-
ents and children design the original chair
that matches the child’s figure, (2) the minia-
ture model is processed and produced with
the laser cutter, and (3) the actual product is
processed with the CNC router. The original
chair is designed and processed using a 3D

Fig.1 Interface of 3DCAD system developed inde-

pendently by Mizutani
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CAD system (Fig. 1), which can design a 3D
shaped chair through a simple operation |
developed.

This unique 3D CAD system has been
devised so that anyone can operate it
easily, and in the chair-making workshop,
parents and children can enjoy making a
digitally fabricated chair using that system.
Specifically, it is possible to design a 3D
chair simply by manipulating the three lines
that determine the elevation shape: the inner
diameter line, the outer diameter line, and the
seat surface/back plate range line. Normally,
in order to manufacture something by digital
fabrication, you need to first acquire basic
techniques such as how to operate the 3D
CAD. This kind of hurdle tends to lead to
people giving up before they ever get to the
fun part of actual design and manufacture.
This workshop aims to overcome such
hurdles by going the opposite way from the
normal process, and starting with the plea-
surable aspects of design, processing and
production,. By making the experience more
accessible and enjoyable, it is hoped that we
can widely disseminate manufacturing by
digital fabrication.

Complex curve shape processing and
fitting parts in free 3D shapes are difficult
processing even for craftsmen, but with
digital fabrication tools, even beginners
without professional knowledge and skills
can process them. Details of the fitting parts,
uniquely determined by the design and the
size of the wood used, can be generated
semi-automatically by using the 3D CAD
system (Fig. 2). In other words, it is possible
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Mizutani (Back) and children who participated in the workshop.

Fig.2 Cutting by CNC router (upper left), detail of fit-
ting part (upper right), manual filing work (low-
er left), picture of the workshop (lower right)

to operate it without having to bother too
much with the bulk of the simple repetitive
work, which relies on the machines’ strong
point of accurate processing by numerical
control. This allows people more energy to
focus on creativity and fine handwork, our
forte as human beings. What is special about
our activity is the degree to which it makes
previously remote technology so accessible,
such as advanced woodworking production,
digital fabrication and the independently-
developed 3D CAD system.

We expect that the experiences at the
chair-making workshop applying this digital
fabrication will become the first step toward
constructing local manufacturing communi-
ties, and the accumulation of these small
steps will eventually become a major force
connecting society as a whole. Technol-
ogy using ICT has opened the doors to the
future. We believe that an individual centred
manufacturing revolution, applying such
digital fabrication technology, will open up
new possibilities for local communities.

A part of this activity was supported by Toyo-

hashi City's next-generation manufacturing
R&D promotion subsidiary aid.
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Study on Earthquake Resistance and Wave Resistance of
Harbors and Coastal Structures

Approaching small soil particles at the bottom of the ocean, which holds the fate of huge civil engineering structures

By Tatsuya Matsuda

Matsuda, a lecturer at the GeoMechanics Laboratory, and his team are focusing on
the mechanisms and the influence of earthquakes, tsunami, and high waves on the
stability of the supporting ground of ports and coastal structures, and are examining
the soundness evaluations of those structures. We are focusing on the complicated
sediment transport phenomenon, where the driving force to the soil particles in the
ground caused by the waves and the permeability generated by the water pressure
fluctuations in the ground act in combination, and we are conducting observations by
wave-making channel experiments. This research addresses the theme of “Thinking
about the movement mechanisms of very small soil particles to evaluate the stability of
huge civil structures,” with a fusion of geomechanics and water engineering research.
We believe that it will prove to be very valuable, both academically and socially.

The impact of earthquakes, tsunami, and waves
on the stability of the seabed is a very important
research topic in evaluating the soundness of
harbors and coastal structures. Until now the
soundness of harbors and coastal structure
foundations has usually been evaluated by
means of multiple practical tests. However,
there are still many uncertainties in clarifying
the phenomena caused by the interactions
between waves and the ground and structures,
such as the damage which was inflicted on
breakwaters and seawalls due to the tsunami
caused by the Great East Japan Earthquake.

We are studying the soundness assessment of
harbors and coastal structures, focusing on the
stability of the supporting ground in respect to
earthquakes, tsunamis, and high waves. In this
research, we evaluate the soundness of harbors
and coastal structures on multiple scales, rang-
ing from the movement of very small soil parti-
cles to the evaluation of the stability of huge civil
engineering structures, while simultaneously
aiming for research fusion by collaborating with
water engineering. We believe that it has a high
value both academically and socially.
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structures against earthquake tremors and tsu-
nami, we have clarified the damage mechanism
of the structures that accompanies the desta-
bilization of the supporting ground, by using
numerical simulations using a method called
centrifuge model test or particle method, and
we have studied drastic measures and design
methods based on fracture control design.

Recently, we have been focusing on the
complicated sediment transport phenomenon,
where the driving force to the soil particles
in the ground caused by the flow rate on the
surface of the seabed at the wave field and the
permeability generated by the water pressure
fluctuations in the ground act in combination.
We have been observing this process using
wave-making channel experiments. The experi-
ments are carried out on a reduced scale model
of the actual conditions to be targeted. Such a
scaled experiment creates the problem that
the full scale phenomenon cannot be exactly
reproduced in this way.
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Fig.1 Experiment and numerical simulation

In order to understand how to reliably defend
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Fig.2 Change in the excess pore water pressure ratio
induced by sea wave

Accordingly we must consider not only the
geometric scale on the length scale, but also on
the mechanical/dynamical scale Normally, be-
cause influence by gravity is dominant in wave
reproduction experiments, they are conducted
in consideration of the similarity law according

§
i 90 ase 20 360

to the Froude number (the ratio of the inertial
force of the fluid to the gravity). Furthermore, we
are conducting our studies under experimental
conditions that take into account the scale law
with the actual size, focusing on the speed
of soil particles falling in the water in order to
examine the reproducibility of the fluctuation of
the pore water pressure (water pressure in the
ground due to groundwater), in addition to the
movement phenomenon of the seabed ground.

(a) Toyoura Sand

(b) Silica Sand No.8

Fig.3 Surface profile of seabed at 375 waves load

Specifically, we have installed sensors to mea-
sure the water pressure in the ground and to
record changes in the ground pressure where
waves act. Then, to interpret the probability of
the numerical values measured in the experi-
ments, we compared the data with the numeri-
cal values obtained by the numerical solution to
the scale in the real phenomenon. As a result,
the experimental values of the ground pressure
change that we obtained were very close to the
value obtained by the mathematical solution,
and we were able to determine that the stress
change of the ground at the wave field could
be reproduced appropriately in the experiment.
It is our hope that by such methods we may
come to a deeper understanding of what kind
of structural damage is caused to foundations
by the movements of soil, sand and waves.
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Understanding the Sea Close to Us

Grasping the sand movements of coasts, estuaries, and bay areas

By Shigeru Kato

Research Highlighta

In Japan, with its very long coastline, coastal ero-
sion has become a serious problem due to factors
such as the decrease in the supply of sediment
from land area as well as the interruption of sedi-
ment flow caused by structures. At the Department
of Architecture and Civil Engineering at Toyohashi
University of Technology Professor Kato and his
team are conducting surveys and studies to ascer-
tain changes in coastal topography and the move-
ment of sand, with the goal of achieving appropri-
ate sediment management in coastal areas.

Japan is a small island country surrounded by
sea, but it has one of the longest coastlines in the
world. The coastline is about 35,000 km, which
is about 85% of the distance around the Earth
(about 40,000 km). Every day, this extremely long
coastline is exposed to high waves generated by
low atmospheric pressure and storm surges due
to typhoons, and the topography of the coastal
area is constantly changing. The coastal environ-
ments we are so familiar with, such as sandy
beaches and tidal flats, have up to now been
maintained by sediment supply from the land
carried by rivers and other sources.

However, not only is this supply drying up, but
the development of coastal areas due to land
expansion and the construction of coastal struc-
tures on landfills have also damaged the balance
of sediment dynamics (movement of sand). This
delicate balance depends upon the preservation
of the thin layer of sediment in coastal areas.
Serious coastal erosion is occurring across the
country as a result.

Toyohashi University of Technology is located in
a place surrounded by rich marine environments
such as the open sea and bays as well as fresh-
water rivers and lakes. Our Coastal Engineering
Laboratory has been actively engaged in moni-
toring the changes of such areas. For example,

we have been monitoring in cross-section pro-
files and shoreline positions of sandy beaches,
analyzing the chemical element characteristics
of beach sand and investigating sediment trans-
port in tidal flats in order to get an understanding
of sediment dynamics. This work is carried out
primarily in the coastal areas of the open sea,
bays, and estuaries. We are continuing the work
of monitoring the sand beach sectional topogra-
phy and shoreline positions of the Omotehama
coast, which was started by Prof. Aoki in 1999.

Fig.2 Survey of sediment transport and morphom-
etry of tidal flat Setting up color sand (left),
morphometry of tideland (right)
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Fig.1 Result of long-term shoreline monitoring on
the Omotehama coast
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To date we have accumulated the data over
about 18 years (Fig.1). The data is also used as
basic data for the decisions regarding shoreline
management under the Aichi Prefecture’s
coastal conservation plan. By analyzing the
chemical element properties of beach sand
using fluorescent X-ray analysis, we have deter-
mined that the content of elements such as Fe
(iron), Mn (manganese), and Ti (titanium), all of
which are always detected, can be used as an
index to judge erosion / deposition tendencies
of beaches, elevation above sea level (height)
of sandy beaches, and size of sand grain. We
are also conducting surveys that locally track
the movements of the sand by injecting color
sand (artificially-colored sand) into the tidal flat
and measuring the topography of the tidal flats

Professor Shigeru Kato (left) with his laboratory members

(Fig.2). Recently, we have also been attempting
morphometry of tidal flats using UAVs (drones)
(Fig. 3), and we are also conducting surveys and
research on monitoring and conservation of the
nearshore environment.

Fig.3 Topographical monitoring of the Tombolo
tidal flat (Survey area: Higashihazu-cho, Nishio-
shi, Aichi prefecture),Composite photograph of
the full view of the tidal flat (left), Three-dimen-
sional shape of the constructed tidal flat (right).

It is important to properly ascertain the abun-
dance of sediment (Stock) and its movement
(Flow) in the coastal areas in order to develop
countermeasures and solutions to the problem of
coastal erosion. The purpose of our coast survey
and topography monitoring by UAVs is to grasp
the actual situation by actually investigating the
site. In addition, our goal with the chemical ele-
ment analysis is to establish it as a new tool for
understanding sediment dynamics in the coastal
regions. We are conducting these surveys
and research while experiencing the richness,
bounty, and constantly changing face of these
natural sites first hand.

Part of this activity was supported by the

following funds.

e Grants-in-Aid for Scientific Research
(Challenging sprout research, assignment
number 24656294)

e Mitsui & Co. Environment Fund (Research

grant for 2013, Representative: Aichi Fish-
eries Research Institute)
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