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Foreword

Coastal zones are valuable areas where sea, land, and atmosphere meet. They are
characterized by coastal topography and nearshore waves which drive various
dynamic processes to interact with each other. The coastal topography serves as the
basis of the environment, in which waves will break and produce turbulent mixing,
dissipating wave energy and providing a wealthy coastal zone utilized by many
ecosystems for various activities. In the coastal zone, vigorous sediment movement
due to nearshore waves continuously changes the topography which protects land
from flooding. Coastal environments based on coastal topography are therefore
important in coastal hazard mitigation as well as sustainability of society. However,
coastal environments are highly variable in broad timescales from minutes to
decades, affected by natural and anthropogenic impacts from both the ocean and the
land.

Coastal erosion is accelerating on many coasts all over the world. Water pollu-
tion and eutrophication are degrading coastal environments in semi-enclosed bays
backed by megacities. Understanding the cumulative impact of these types of envi-
ronmental degradation is difficult since the transport of sediment and nutrients is
affected not only by waves, currents, and topography in the coastal zone but also by
various inland natural and anthropogenic changes that lead to the increase and
decrease of materials delivered to the coast. The impact is sometimes rapid urban-
ization far from the coastal zone. The response is sometimes delayed as long as
several decades.

Large tsunamis and earthquakes are infrequent natural events capable of causing
large-scale destruction along coastal areas by heavily altering their physical and
environmental characteristics. Although coastlines are naturally highly dynamic
systems, these events cause dramatic changes in estuaries, coastal lagoons, tidal
flats, wetlands, and beaches resulting in large alterations in their morphology, sedi-
ment, depth, water quality, surface area, and flow, as well as inhibiting flora and
fauna in a very short period of time. On occasion, the impact is so large that these
coastal features even disappear completely.

History abounds with examples of devastating tsunamis that originated from dif-
ferent causes, most commonly from earthquakes. The first record of a Holocene
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tsunami is related to the Storegga slide, a large submarine landslide in the North Sea
around 6000 BC, which heavily impacted the coastline of Norway as sediment was
found up to 20 m above sea level. In modern-day history, there are more than 50
records of large tsunamis and related earthquakes, including the most recent events
in the Indian and Pacific Oceans (2004 Sumatra, 2010 Chile, and 2011 Japan).

In terms of human life, NOAA states that since 1850, about 420,000 lives have
been lost due to tsunamis as local coastal communities and large villages, towns,
and even cities have been impacted. Likewise, losses in infrastructure, the economy,
and ecosystem services have amounted to trillions of dollars.

Tsunamis like the 2004 Indian Ocean Tsunami and the 2011 Tohoku Tsunami
caused catastrophic damage to coastal areas. Many reconstruction processes are
being introduced in the affected areas including structure-based countermeasures
and nonstructure-based relocation and evacuation plans. In consideration of accel-
erating reconstruction processes, we need to pay deliberate attention to long-term
treatment of coastal environments.

Restoration and reconstruction of damaged areas are the cause of large debates;
on one side, arguments for the paramount importance of human protection at all
costs, without proper consideration of the environment, have prevailed, while on the
other, there are increased calls for a more balanced approach to harmonize measures
of protection with the environment in order to allow coastal ecosystems to thrive.
The restoration process and reconstruction measures in certain countries could be
taken as an example of both, but unfortunately aesthetic and visual restoration is
often mistaken for full environmental restoration.

This book deals with impacts of tsunamis and earthquakes on coastal environ-
ments. In addition to direct impact and response due to flooding and abrasion, the
text covers physical, chemical, and biological responses in coastal morphology,
water quality, and ecosystems. Comprehensive descriptions of multi-scale impacts
of tsunami and earthquake events, both spatially and temporally, will help us to
understand the complicated interactions developed in coastal zones and to achieve
the sustainable resilient environment and society with smart post-event recovery. I
believe this book will be beneficial to researchers and students in science and engi-
neering as well as policy-makers, urban planning engineers, and coastal managers.

The University of Tokyo Shinji Sato
Tokyo, Japan
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