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The 8.9 magnitude earthquake, which happened on March 11, 2011, triggered the huge tsunami
approaching the northern coast of Japan. The tsunami, the maximum height of which was reported to be 40
m, caused significant changes to the coastal area in northeastern Japan. Tanaka et al. (2012) reported the
significant changes of coastal and riverine morphology in Miyagi Prefecture such as erosion of sandy beaches,
disappearance of sand barriers in front of lagoons, flushing of sandspits in front of river mouths and the
breaching of sandy beaches at the locations of old river mouths. As a result, concave shorelines were
observed at several places after the tsunami (Tanaka et al., 2012). One of the important factors leading to the
fast or slow recovery of morphology in these areas is the sediment supply from adjacent sandy coasts. The
recovery of morphology at the river mouths (Kitakami, Naruse, Natori, Abukuma), which have insufficient
sediment supply from adjacent sandy coasts, was very slow. [n contrast, concave shorelines at the Nanakita
River mouth, at breaching of sandy coasts at Akaiko and Yamamoto, which have sufficient sediment supply
from adjacent sandy coasts, recovered comparatively fast. However, the erosion of sandy coasts on both sides
of the concave portion was also observed during the recovery process. Sediment from adjacent coasts was
transported into the concave portion, and led to the accretion of shoreline in this area. The erosion firstly
happened on the parts of the coasts which are next to the concave portion. Subsequently, it was propagating
along the coast. Moreover, the intrusion of sandspit into the river mouth area was also observed during the
recovery process. The above phenomenon reveals the sink effect at river mouth areas after the severe
damages induced by the tsunami. Taken together, this study attempts to clarify the damages of morphology

along Sendai Coast in Miyagi Prefecture and its recovery process through analyses of the aerial photographs,
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the analytical solutions of one-line model, and the Empirical Orthogonal Function (EOF). In this dissertation,
the recovery of morphology will be clarified in terms of temporal and spatial scales. On the temporal seale,
there are recoveries in short-term and long-term, whereas on the spatial seale, there are small area and
large area. Results of this study indicate that the tsunami caused severe damages of morphology, the coast
was significantly eroded and the sand barriers in front of lagoons and the sandspits at the river mouths were
swashed. The breaching of sandy coasts was observed at several places. Due to the existing of breaching,
concave shorelines were observed commonly along the affected coast right after the tsunami. The recovery of
morphology has different aspects, fast recovery at places with sufficient long adjacent sandy coasts, and very
slow or no recovery at places without adjacent sandy coasts. At the fast recovery places, during the recovery
process the sandy coasts adjacent to breaching were eroded. The erosion was propagating along the coast
with the propagated distance proportional to the square root of elapsed time. A new approach for
determining value of the diffusion coefficient from measured data and analytical solution of one-line model is
introduced. Moreover, in the subsequent recovery, the intrusion into river mouths of sandspit was observed.
That happened at all the river mouths in this study. The scouring deeper the river mouth, which caused the
depth of water in the river mouth greater than the depth of closure, was the cause source leading to the
sandspit intrusion into river mouth area, The depth of river mouth, Dg and the depth of closure, D ave
important physical quantities which express the representative depths of the drift-sand system of river and
littoral drift system of ocean space, respectively. These two represented depths were treated separately;
however by considering them together the sandspit intrusion into river mouth can be explained
comprehensively. Results from EOF analysis on the short-term recovery of the sandy coast from Sendai Port
to the Natori River mouth indicate that the first and third ecomponents reflect the recovery process of
morphology at the severely damaged area such as lagoons, breaching of sandy coast. In addition, it also
reflects the recovery of the shoreline at detached breakwaters. While, the second component reveals the
variation of shoreline position on the cross-shore direction in corresponding to wave condition. The total
contribution rate of the first and third components is about 75 % out of total. On the study of recovery of
morphology in a large area and long-term period, a new analytical solution of one-line model describing the
evolution of rectangular beach cut (concave shoreline) bounded by the rigid boundaries has been introduced.
In addition, a new analytical solution of one-line model describing the proportional sediment filled area in
the concave portion has been also given. These findings are very important for not only scientific interests
but also for engineering application. The dimensionless recovery time of morphology, 7}1;, which représents

the recovery time when shoreline position at the central become 99 % of initial beach cut, ¥5, is depended on
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the total length of adjacent sandy coasts to the concave width, L;. The larger value of L; results in the
smaller value of T};E. With a certain value of B* and large value of Z*, the relationship between #* and 7,
and £ and Ps of the case with rigid boundaries are asymptotic with the ones of the case without rigid
boundaries. The comparison between theoretical results and measured data has been made. Good
agreement can be obtained for the cases of concave shorelines of the breaching of sandy coast at Yamamoto
and Akaiko, however worse agreement was also obtained for the case of concave shoreline at the Nanakita
River mouth which has complex concave shoreline and unclear rigid boundary. Results on the long-term
recovery in a large area reveal that Shoreline position has not been reached the equilibrium state, although
five years have been passed since the occurrence of the tsunami, and the more stable behavior can be
observed. Shoreline change rates along the coast of the period five years after the tsunami have been
changed significantly compared to the period before the tsunami and comparatively changed compared to
the period three years after the tsunami. It means that the littoral system on this coast has been also
changed. The first three dominant components of the long-term recovery reflect the same physical processes
compared with what were found in the short-term recovery; however the contribution rates have been
changed. The recommendations of the present study have been also given. The approach of classification
small and large area, short-term and long-term in this study would be useful to apply in the areas which
have similar characteristics. For engineering application, the fresh-sea water boundary moves upstream
once happening the sandspit intrusion, hence the external wave forces need to be taken into account when
implementing design of structures at river mouth area. In addition, the estimated values of diffusion
coefficient would be useful for engineering application too. However, several things need to be improved in
the future studies. Firstly, the introduced analytical solutions, which can deal with case of concave shoreline
with symmetric rigid boundaries, need to be extensionally developed. So, they can be applied for the cases
with asymmetric adjacent sandy coasts, or non-constant depth of closure, or non-uniform shape of concave
portion. Moreover, the evolution shoreline position during the recovery process and the connections with
bathymetry change and the sediment budget need to be evaluated. Last but not least, a numerical model is

also necessary to be developed for predicting the evolution of shoreline evolution in the future.
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