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Figure 5. Shoreline configuration and changes.

Figure 6 shows aerial photographs taken between 1975 and 2004. The study area is bordered by
the rocky headland of Shiroyama on the west side and the breakwater of Wada Port on the east side of
the pocket beach (Fig. 6(a)). Hatsumi Island is located offshore of the coastline with a cuspate
foreland behind the island. In 1981, a breakwater of Wada Port started to be extended eastward (Fig.
6(b)). By 1990, another port breakwater had been extended westward, crossing half the distance of
600 m between Hatsumi Island and Wada Port (Fig. 6(c)). As a result, a wave-shelter zone was formed
behind the port breakwater and sand started to accumulate in the wave-shelter zone. The shoreline at
the base of the breakwater advanced 60 m between 1981 and 1990, and sand deposition in the wave-
shelter zone can be clearly observed. Because this sand was supplied from the western and central
parts of the pocket beach, beach erosion occurred on the coast west of Hatsumi Island.

By 1995 the foreshore had greatly expanded in the adjacent area west of Wada Port, with a
shoreline advance of up to 150 m (Fig. 6(d)). The shoreline behind Hatsumi Island had receded by
1990 owing to the construction of the port breakwater, and a detached breakwater with a length of 200
m was constructed behind the island as a measure against this beach erosion. This resulted in the
enclosure of sand deposited between Hatsumi Island and Wada Port with no possibility of it returning
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Figure 12. Changes in sand volume offshore of the river mouth.

The 500-m-terrace offshore of the Tenryu River mouth in 1984 had entirely disappeared by 2004,
increasing the seabed depth by 5 m at the outer edge of the terrace. The shoreline zone is thus being
severely eroded in addition to the offshore zone including the terrace at the river mouth. Although
measures against beach erosion have been taken locally, the erosion of the entire long stretch of
shoreline protruding as a river delta owing to the interruption of longshore sand supply is feared.

As measures against severe beach erosion around the mouth of the Tenryu River, 22 detached
breakwaters have been constructed on the Hamamatsu-goto coast west of the river mouth. Figure 13
shows an oblique aerial photograph of this coast taken in January 2006. Tombolos have developed
markedly behind the six detached breakwaters next to the mouth, and these breakwaters protrude
significantly from the shoreline of the river mouth bar. These structures, built along the previous river
delta shoreline before erosion, were left as a result of severe shoreline recession. At present, fluvial
sand only flows toward the Ryuyo coast located east of the river mouth, and the flow of sand toward
the west coast has become hindered by the protruding detached breakwaters, which, although effective
in shore protection, simultaneously block the continuous westward movement of sand, destroying the
overall balance of longshore sand transport. Fluvial sand supply from the Tenryu River has markedly
decreased to the present level, and even though sand supply from the river may by artificially
increased in the future by sand bypassing, it may be difficult for such sand to be transported by
longshore sand transport because of the blockage caused by these structures (Fig. 13), resulting in
downcoast erosion. The basic issue is not the function of individual detached breakwaters, but how
overall beach changes under these conditions with longshore sand transport are realized, and how
continuous longshore sand transport can be maintained.
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Figure 13. Oblique aerial photograph of Hamamatsu-goto coast taken in January 2006.

5. Legal Issues Related to Beach Erosion

We consider the case of Otsu fishing port. The coastal management areas around this fishing port are
schematically drawn in Fig. 14. One breakwater of the fishing port is assumed to extend at the corner
of the coastline. In this case, the management area of the coast is subdivided into the fishing port or
port area, and the natural shore protection zone outside of the port covered by the Seacoast Law under
the jurisdiction of the River Bureau of the Ministry of Land, Transport and Infrastructure. Landward
of the shore protection zone is the coastal forest area planted to prevent wind-blown sand, which is
under the jurisdiction of the Forestry Agency of the Ministry of Agriculture, Forestry and Fisheries
(Uda et al. 2005).

When a port breakwater is extended, longshore sand transport is induced from the outside to the
inside of the wave-shelter zone as a result of the wave-sheltering effect of the breakwater on the sandy
beach. The occurrence of this phenomenon can be easily predicted theoretically. The fundamental
problem lies not in this physical process, but in the management of the coastal land. The construction
of fishing ports, the management of coastal forests, and shore protection works are independently
carried out by the Fishery Bureau, the Agricultural and Forestry Bureau, and the Civil Engineering
Bureau, respectively, of the prefectural government in Japan. Each work is planned so as to achieve
the maximum economic rationality in the short term without consideration of the degradation of the
environment in the surrounding area; this is local optimization.

For instance, sand deposited in the navigation channel of Otsu fishing port was regarded as an
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obstacle and dumped in the offshore zone or used as a material for land reclamation by one
management office, as schematically shown in Fig. 14. At the southern coast where sand was removed
by longshore sand transport, the beach slope became very steep, and a seawall, concrete armour units,
and detached breakwaters were installed as countermeasures against beach erosion by a different
coastal management office. The optimal adjustment of the flow of sand, which is a physical problem
that can be easily analyzed, through cooperative work among various management offices was
troublesome and has been postponed. Regarding the issues common to several agencies, there is no
common principle for the sound maintenance of national land, which must be realized to solve the
problems at a fundamental level. Thus, fundamental measures were difficult to adopt and stopgap
measures such as installing a seawall with concrete armour units were selected instead, which rapidly
produced an artificial coastline.
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Figure 14. Coastal management areas and related laws in Japan.

6. Discussion

When an offshore breakwater is constructed on a straight coast, forming a wave-shelter zone behind
the breakwater, longshore sand transport from outside to inside the wave-shelter zone is induced,
resulting in erosion outside the wave-shelter zone and accretion inside. The stable shoreline
configuration in this case can be practically predicted using the method of Hsu and Evans (1989), for
example. Nevertheless, this is exactly what occurred between 1998 and 2007 at Shimobara fishing
port, and erosion intensified in the area surrounding the fishing port as a result of sand movement
from outside to inside the wave-shelter zone. The natural coast, which had long been used for
swimming, was altered to an artificial coastline, losing its value for recreational use. Although the
natural shoreline changes are generally reversible, as seasonal beach rotation (Short and Masselink,
1999), the shoreline changes associated with the formation of wave-shelter zone caused by the
construction of port breakwater described in this study were irreversible, the same as the case
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occurred on the Morroccan coasts (Chaibi and Sedrati, 2009).

Another issue exists in port maintenance. Consider a general case where the wave-shelter zone
formed by an offshore breakwater is used as a navigation channel or for anchorage (Fig. 15).
Dredging is conducted to maintain a sufficient channel depth, and dredged materials have been
disposed of offshore or transported to land on the basis of standards designated by the Fishing Port
Act or Port Law. When an offshore breakwater or a jetty preventing sand deposition inside the port is
shallower than the depth of closure, /., of sand movement by waves, sand is again transported by
longshore sand transport inside the port after dredging owing to the wave-sheltering effect of the
breakwater, meaning that successive dredging decreases the volume of sand on nearby beaches.
Dredging conducted on the basis of general standards, with dredged sand disposed of independently
by individual management authorities, results in beach erosion on surrounding coasts (Serizawa et al.,
2005).
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Figure 15. Sand deposition inside port and erosion triggered by dredging.

The numbers of fishing ports and commercial ports in Japan are 2,931 and 1,079, respectively, at
present. This means that, on average, there is one port per 8.5 km nationwide, since the total length of
coastline in Japan is 34,000 km. Many of the ports that are constructed on sandy beaches have the
same problems as those discussed in this paper. Therefore, beach erosion and accretion associated
with the formation of wave-shelter zone as mentioned above can be seen elsewhere in Japan.
Furthermore, measures have been taken only after erosion has occurred; it is rare for preventive
measures to be taken beforehand. Thus, natural beaches in Japan have been disappearing rapidly; the
natural sandy beach is becoming an ‘endangered geomorphology’ in Japan.

At present, the quantitative prediction of 3-D beach changes and the change in grain size
associated with beach nourishment is possible using advanced numerical simulations, such as the
contour-line-change model (Serizawa et al., 2003), the BG model (Serizawa et al., 2006) and others.
New measures based on comprehensive sediment management must be taken instead of local
optimization using hard structures at sites of erosion (Yasumoto et al., 2007). For example, sand back-
passing is required to prevent coastal deterioration.
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7. Future Perspective

Coastal problems in Japan are not simply due to problems in coastal engineering but are mainly a
result of the social system in Japan, including the legal system. It is very difficult to change this
situation through only administrative efforts because it is deeply related to the mindset past
administrations. Through the collaboration of specialists, engineers, and NPOs, a flexible social
system that can be modified efficiently must be developed. For this purpose, the mutual exchange of
information must be enhanced. Instead of each coastal management office narrowly pursuing its set of
responsibilities, the long-term planning of coastal works including set-back of the coastline, if
necessary, is strongly required, as well as a necessity of recycling sand dredged from inside ports as a
material for beach nourishment.
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