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Coastal disasters due to extreme weather and tsunami events
cost thousands of lives and properties over the past decades.
Climate change and rising sea level pose greater challenges
to worldwide coastal communities, requiring more efficient
strategies to mitigate natural hazards and enhance coastal re-
silience.

Engineering (gray) infrastructure. despite being heavily
used due to the ease of installation and relatively sufficient
expertise, is costly to maintain and lacks the adaptability to
changing climate. Alternatively, green infrastructure serves
as a natural barrier and conserves the ecosystem. However,
more quantitative studies are still in demand for their practical
application. To maximize coastal protection and other co-ben-
efits, an optimized arrangement utilizing both gray and green
infrastructures is proposed while warrants further investiga-
tion.

Accordingly, my current research is to study coastal processes
and understand how difTerent elements in a coastal environ-
ment intertwine with each other in short-term extreme weather
events and the long-term changing climate. | aim to establish
an integrated approach to evaluate the dynamic interactions
among waves, sediments and gray/green infrastructures over
different time frames, providing a better solution to the reduc-
tion of wave disasters and coastal erosion, and climate change
adaptation for future coastal planning and management.

Challenges to coastal zones worldwide

Coastal regions are undergoing continuous changes due to
the natural processes and anthropogenic effects. Shoreline
erosion and coastal flooding is already a great concern in
many coastal communities. Due to rapid economic develop-
ment, coastal communities have become intensely populated,
exposing them to greater risks by natural disasters such as
extreme weather events and tsunami inundations. Climate
change and sea level rise are likely to worsen the situation,
increasing the difficulties in coastal planning of protective
infrastructures and maintenance in the long term. Considering
these challenges, it is imperative to find a better solution for
both coastal disaster reduction and climate change adaptation.

Protective infrastructure against coastal
disasters

Engineering infrastructure (e.g. sea walls, dikes, breakwaters,
levees) has been widely used along the coasts in most devel-
oped countries due to the ease of installation and relatively
sufficient expertise. However, its high maintenance cost. the
detrimental impacts on coastal habitats and the lack of ca-
pacity for climate change adaptation urge coastal scientists to
seck an alternative or the next generation of protective infra-
structure.

Green infrastructure, known as nature-based solutions, in-
cludes coastal vegetation, sand dunes, sandy beaches and
coral reefs. As a part of coastal ecosystems, green infrastruc-

ture was capable of reducing extreme waves and stabilizing
coastal erosion. For instance, coastal forests (including coast-
al trees and mangroves) were found effective against extreme
waves in recent field records. e.g. Indian Ocean Tsunami in
2004 and Super typhoon Haivan in 2013. Compared with
traditional engineering approaches, natural infrastructure is
considered to be a subset of resilient infrastructure that is
environment-friendly and adaptable to changing climate. as
suggested in the Intergovernmental Panel on Climate Change
(IPCC Working Group I1. 2014).

Despite the promising features in coastal protection, green
infrastructure is not widely applied in practice due to a lack
of quantitative design guidance and systematic investigations.
Moreover, few addressed the complex interactions among
water waves/flow, sediments and green/gray infrastructures in
an integrated context. To maximize coastal protection along
with other co-benefits. a hybrid approach that adopts both
green and gray infrastructures was suggested while quantita-
tive evaluation of the multiple-layer protection is needed to
facilitate future coastal planning and management.

Integrated study of complex coastal
processes

To adopt effective protection and adaptation strategies, we
need to understand how different elements in a coastal en-
vironment intertwine with each other not only in short-term
extreme weather events, but under the long-term changing
climate. Thus, the objective of my current study is to establish
an integrated system that evaluates and monitors the complex
interactions among waves, sediments and different types of
infrastructures over different periods of time. The proposed
research will be conducted through a combination of labora-
tory experiments, numerical modeling and field surveys.

By conducting field studies, first-hand field information will
be obtained. e.g. physical characteristics of different infra-
structures. These measured attributes will be used in both
lab experiments and numerical simulations. In the laboratory
experiments, 3D technology will be employed to produce
scaled-down infrastructures to resemble the field conditions.
For instance, 3D-printed trees will be produced based on the
scanned images obtained from the fields. With the laboratory
facilities, e.g. the Hybrid Tsunami Open Flume in Ujigawa
Open Lab, a variety of wave conditions including tsunami
waves and storm surges will be simulated. Factors associated
with the interactions among water waves, green/gray infra-
structures and sediments, including wave attenuation, coastal
erosion and sedimentation, will be measured. To improve the
quantification of sediment movements and turbulent mixing
in different setups, advanced experimental techniques (e.g.
Particle Image Velocimetry and high-speed cameras) will also
be used to visualize detailed flow fields.

With the findings in the fields and experimental tests, a coast-
al wave model will be developed with proper incorporation of
the effects of green/gray infrastructures. To seamlessly simu-
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late wave propagation from the deep ocean to coastal regions
and improve the computational efficiency, the developed
wave model will be coupled with ocean-scale models. To
investigate the dynamic interactions of waves, infrastructures
and sediments, a coastal morphological model will also be
developed to evaluate the topographic evolution in a longer
time frame. With the coastal wave model, ocean-scale model
and the morphological model, T aim to establish an integrated
modeling system that evaluates and monitors the dynamic
interactions among the primary elements in coastal environ-
ments. With inputs such as field conditions, wave projections
and rising sea level, the modeling system can simulate coastal
processes and provide risk assessment over different time
horizons. The risk assessment will facilitate future coastal
planning, such as optimizing the design of protective engi-
neering infrastructures and improving cost-efficiency. This
line of research will contribute to the design of a sustainable
environment that can adapt to a changing climate and miti-
gate natural hazards.

Figure 1

Examples of gray and green infrastructure in
coastal environments: top - breakwaters along
the Ogata coast (Niigata, Japan); bottom -
mangrove forests in Iriomote island (Okinawa,

Japan)
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Figure 2
A conceptual framework of the complex coastal
processes
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