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Introduction

1. Beach erosion has become a serious problem in Japan and
natural sandy beaches have been rapidly disappearing, resulting
in an artificial coastline excessively protected by seawalls and
concrete armour units.

Executive Director, Public Works Research Center, 1-6-4 Taito, Taito-ku,

0-0016, Japan . When investigating the issue of beach erosion, we soon arrive at

X a very important conclusion: almost all beach erosion originates

gntent 7 ' v ‘ 7 from anthropogenic factors as a consequence that Japan has

. Introduction . g 1 ; extensively altered its land during the last 20 to 30 years.

. Types of beach erosion”

. Beach erosion associated with formation of wave-shelter - In Japan, coastal work is carried out by four sectors.

zone upon construction of offshore breakwates Port construction is carried out by the Fisheries Agency and the

. Beach erosion due to decreased fluvial sediment supply Port Department.

. Legal issues related to beach erosion

. Discussion

. Other coastal works are carried out by the River Department,
5 and protective works involving planting coastal forests and the
Conclusions 3 5 ¢ protection of farmland are overseen by the Ministry of Agriculture.

Introduction (continue) Types of Beach Erosi

5. These works have been carried out independently within their

3 S Four main causes of beach erosion in Japan:
respective areas of jurisdiction.

(a) Obstruction of longshore sand transport

. . (b) Beach changes associated with the formation of wave-shelter zones
. For example, when a long port breakwater is extended, sand is (c) Decreased fluvial sediment supply

accumulated in the wave-shelter zone of the breakwater, (d) Offshore sand mining or dredging
resulting in beach erosion on the surrounding coast.
2,532 large dams have been constructed in Japan.
. The construction work at the port is carried out by the port or Sand mining in river channels was prohibited in Japan in 1967 owing to
fishing port authority, with little connection to the works aiming to SR (AT Glelelfion. [alasiowen, slud) lilile) el soalbisd
protect the surrounding coastline. still continues at many places, particularly in western Japan.

In this study, beach erosion triggered by the extension of a port
breakwater and beach erosion due to the decrease in fluvial sediment
supply from rivers caused by excess riverbed mining and the
construction of dams are investigated using four examples.

. Overall measures to solve problems are difficult to adopt
because of the sector-by-sector administrative system.

. In this study, the factors that hinder the solution of coastal
problems are investigated.

Beach Erosion Associated with Formation of Wave-shelter Zone upon
Construction of Offshore Breakwater
(1) Otsu fishing port

1 0 500km P i Oct. 1975
SEA OF JAPAN £y Otsu fishing port K X

Wada port

=3

Apr. 1992

Offshore breakwate

Shimobara fishing port < &

£58 S SNy
Figure 1. Location of study areas 5 Figure 2. Aerial photographs of coastline around Otsu fishing port. 6

coastal forest

Futatsujima Island

« The southern side is also protected by seawall and concrete

retreated and it was protected heavily by concrete armour armour units. The construction had been carried out to
units. Note the scale. A man is standing in the center of the protect the coastal forest behind the coastline as a recovery
concrete blocks. work by the management office of coastal forest.
Figure 3. Shoreline of eroded coast (June 19, 2004). 7 Figure 4. Kamiokakami coast south of fishing port (June 19, 2004). 8
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« Near the southern end of the coastline, beach erosion is still
severe, and the stairs to the beach were damaged due to
scouring.

« The yellow line shows the previous ground level before erosion.
The stairs were tilted.

Figure 5. Damaged stairs (July 9, 2009). 9 Figure 6. Damaged stairs looking the front (July 9, 2009). 10

Beach Erosion Associated with Formation of Wave-shelter Zone upon

Construction of Offshore Breakwater
(2) Shimobara fishing port

*The decrease in ground level reached 1.2 m.

Figure 7. Exposed seawall (July 9, 2009). 1 Figure 8. 12
300
1997 £ s
Shimoi 5250 .
fishing port Shimobara
8200 fishing port
e H
Shimobara 2150 rock
® 7
2100
)}
3 % 8§50 72
1999 &
Shimoi 9 po Shimoi [2
2 fishing port fishing port ¥ % 20 riganons dltarice X ) =5 =
Shimobara
jistingiport advance of 56 m until 2004
%20 Shimobara rocessorcd Bar
310 fiehing port until 2004 l
50
210
20 | eference year: 1997
-30
o 100 200 300 400 500 600 700
- PLgl R Longshore distance X(m)
Figure 9. Aerial photographs of Shimobara fishing port between 1997 and 2007. 13 Figure 10. Shoreline configuration and changes. 14
November 24, 2002
November 24, 2002
i ) ; « Note the exposure of many roots of coastal vegetations,
+ A sand dune was eroded and rocks, which were raised during implying the disappearance of a sand dune covered by
the Kanto Earthquake in 1923, were exposed. vegetations.
Figure 11. Nearby coast east of Shimobara fishing port (November 24, 2004). 15 Figure 12. Scarp with 1.6 m height formed in erosion zone (November 24, 2002) 1¢
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November 24, 2002

2
+ Sand was transported by longshore sand transport from
outside to inside the wave shelter zone.

Figure 13. Sand accumulation and berm formation immediately east of the
fishing port (November 24, 2002)

November 24, 2002

* A berm was formed owing to successive sand deposition at this
site.

17 Figure 14. Seawall of Shimobara fishing port (November 24, 2002). 18
November 24, 2002 July 26, 2004 1
« The same location as that in Figure 15.
Figure 16. Markedly advanced shoreline owing to wave-sheltering effect of
Figure 15. Wave overtopping to the corner of the seawall (November 24, 2002). 19 extended breakwater (July 26, 2004). 20
Beach Erosion Associated with Formation of Wave-shelter Zone upon 1200 _
Construction of Offshore Breakwater |
(3) Wada Port 1000 i Z
| B 0 : R Wada Port
Hatsum = Hatsuml Island s 4
4 s =4 273
i Shiroyama :
2 Point
o 600
2
he
@ 400
B Shirahama Beach
200 % g//f'
o erosion
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Longshore distance X(m)
Hatsumi , Hatsumi *The main cause is the extension of the breakwater of Wada Port, with an
e L additional effect resulting from the construction of the detached breakwater.
*Because a groin was behind the longshore sand
transport, which moved freely eastward or westward without such a facility, was
completely disrupted, resulting in the formation of two isolated pocket beaches.
Figure 18. Shoreline configuration and changes. 22
250 -
Shiro)_/ama detached breakwater Wada Port November st 2005
200 Point
£ —1990|
5 10 2001 ‘
& 100 | (——2004
2
S
@ 50
:, \ A
2]
-50
reference year: 1975
-100
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Longshore distance X(m)
*This example clearly shows that when a breakwater is extended +ote th‘at aiverywideibeachumas formed;thanks to'the waves
¢ g 4 sheltering effect!
at one side of a pocket beach, the entire beach is affected. B 4 5
+ But it automatically means severe erosion on the west coast.
Figure 19. Shoreline configuration and changes. 23 Figure 20. Oblique view of nearby coast of Wada Port. 24
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Beach Eros due to Decreased Fluvial Sediment Supply

Exam| Tenryu River & Enshu-nada coast

«+ Erosion triggered by decreased
fluvial sand supply due to the
construction of dams and excess

Keynote speach by Uda

[m—

[ Annual volume
(Funagira,

Akiva & (Funagira, Akiba &

1,500

1,250

sand vo{me deposited in dams

N\

15,000

12,500

riverbed mining.

—
0 10 20km  Pacific Ocean

@

Figure 21.

25

2

\ 10,000
750

— 1.500
sand mining

il s
g g

million m?*

(“10°melyr)

g
Accumulated volume of deposited
‘and mined sand (*10°mlyr)

Annual volume of deposited sediment
Annual volume of sand mining

&
g

1965
1970

g 8

1985

g

1995

year
« The total amount of sand mined since 1970 — at least 25
« Sand deposited upstream in dams — 125 million m?
« 150 million m? of sand has been prevented from reaching the Enshu-nada coast.
« Cut ratio of sediment transport — Approximately 90% of the annual sand supply of the
river was cut

Figure 22. Sand accumulation in reservoirs of major dams and sand mining in Tenryu
River watershed. 26

to west coast.

* Solid line: shoreline in 1962 & broken line: Shoreline in 2004
« The shoreline receded due to reduced sediment discharge from the river.

* Now detached breakwaters built west of the river mouth block continuous sand supply

Figure 23. Shoreline recession at Tenryu River mouth and alignment of survey lines.

27

+ A 500-m-wide terrace offshore of the
mouth in 1984 had entirely
disappeared by 2004, as shown in the
profile changes along transect No.
218.

« The seabed depth at the outer edge
of the terrace increased by a
i of about 5 m.

« Severe shoreline recession and the
disappearance of the terrace, which
was a reservoir of sand for longshore
sand transport, thus occurred.

Elevation above M.S.L. (m)

500 000 1500
Offshore distance (m)

Figure 24. Change in longitudinal profiles along four survey lines across the bar of

the river mouth. 28

long

150X 103 m?/yr.
* The total decrease in volume: 4.6 million
* Mean rate of decrease: 230 X 10> m?/yr

Figure 25. Changes in san

1 T
£
&
£
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2
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S -400 :
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28 2 2 8 2
33 2 g g g
29 e = 5 ]
year

+ Examined volume of sand removed from the terrace in a rectangular area 1.6 km long and 1 km

« Rate of decrease in the total sand volume: 400 X 10> m3/yr between 1986 and 1993, After 1993,

m? between 1984 and 2004

d volume offshore of the river mouth.

29

22 detached

*Asa have been

* These breakwaters protruded from the shoreline, and the flow of sand
toward the west coast has become hindered.

+ Even though sand supply from the river is artificially increased by
sand bypassing, it is difficult for such sand to be transported.

Figure 26. Oblique aerial photograph of Hamamatsu-goto coast taken in January 2003.0

« Five detached breakwaters had been constructed to protect the
hinterland, but eastward longshore sand transport was
obstructed by these structures, causing downcoast erosion.

Figure 27. Aerial photograph of Ryuyo coast located east of Tenryu River mouth, looking

east.

31

Figure 28. High seawall and concrete armour units placed along shoreline 32
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Example of Otsu fishing port

offshore disposal
Fishiny Port or port area e
s —
deposition
at channels
shore protection detached

\ %%Z:ne breakwaters

transportaion
. accretion, drift \
toland AR
coastal forest (Forest Law)
Figure 29. Coastal management areas and related laws in Japan. 33

Keynote speach by Uda

Legal Issues Related to Beach Erosion

Example of Otsu fishing port

+The construction of fishing ports, the management of coastal forests,
and shore protection works are independently carried out by different
agencies.

+Each work is planned so as to achieve the maximum economic
rationality without consideration of the degradation of the environment in
the surrounding area; this is local optimization.

+The optimal adjustment of the flow of sand through cooperative work
among various management offices has been postponed. There is no
common principle for the sound maintenance of national land.

+Thus, fundamental measures were difficult to adopt and stopgap
measures were selected instead, which rapidly produced an artificial
coastline.

34

Legal Issues Related to Beach Erosiol

/oﬁshoredisposal ‘,waves

depth of closure : rlc e

breakwa\er

A

[ deposition— — ﬁ
at channels,

shoreline

< 7 r—
transportaion ///L/‘[L‘g

o ©o toland

+ 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, h,, of sand movement by waves,
sand is again transported by longshore sand transport inside the port after
dredging, meaning that successive dredging decreases the volume of sand on
nearby beaches.

Figure 30. Sand deposition inside port and erosion triggered by dredging. 35

Discussion (continue)

« This means that, on average, there is one port per 8.5 km nationwide, since the
total length of coastline in Japan is 3: km

+ Many of the ports that are constructed on sandy beaches have the
problems as those discussed in this paper.

» Therefore, beach erosion and accretion associated with the formation of wave-
shelter zone can be seen elsewhere in Japan

« Thus, natural beaches in Japan have been disappearing rapidly; the natural
sandy beach is becoming an ‘endangered geomorphology’ in Japan.

+ New measures based on comprehensive sediment management must be
taken instead of local optimization using hard structures

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.

The stable shoreline configuration can be practically predicted using the Hsu and
Evans (1989)’ method, for example. Nevertheless, this is exactly what occurred
between 1998 and 2007 at Shimobara fishing port.

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.

Dredging conducted on the basis of general standards, with dredged sand
disposed of independently by individual management authorities, results in beach
erosion on the nearby coasts.

The numbers of fishing ports and commercial ports in Japan are 2,931 and 1,079.

Conclusions

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.

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.

For detail, please read the book coming soon.

Uda, T.: Japan's Beach Erosion: Reality and Future Measures, World
Scientific Publishing Co., Ltd.
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FIELD OBSERVATION OF GOLDEN BEACH IN TATWAN
Takaaki Uda

Dr. Eng., Public Works Research Center, 1-6-4 Taito, Taito, Tokyo 110-0016, Japan
uda@pwre.or.jp

INTRODUCTION

Golden Beach located in Tainan has been eroded in recent years, and effective
measures are required. Figure 1 shows the location map of the study area. In the central
part of the study area, the Erren River flows into the sea, and Anping Harbor is located 6
km north of the river mouth. Golden Beach is located immediately north of the Erren
River mouth. The number in Fig. 1 shows the site location where photographs were
taken during the field observation. Field observation was carried out on October 13 and
14, 2015 from the southernmost site No. 1 to the vicinity of Anping Harbor (No. 16), as

shown in Fig. 1.

RESULTS
(1) South of Erren River mouth

The south end of the study area is separated by the breakwater of Singda Port, which
obstructs northward longshore sand transport, resulting in erosion north of the
breakwater. Photo 1 shows the condition of the eroded coast, where concrete seawall
extended straight along the coastline, and there was no foreshore in front of the seawall,
and the coastline was protected by concrete armor units and large boulders against wave
overtopping. In the offshore zone, detached breakwaters have been constructed. In this
area, northward longshore sand transport, which was induced by the construction of the
Anping Harbor breakwater, prevails and there is a fishing port breakwater upcoast,
which blocks the sand supply from the upcoast. Thus, the sand volume in this area is
gradually decreasing with the beach being eroded. Because the seawall and concrete
armor units had only passively effected, their effect is limited to maintain the present
shoreline. Even though detached breakwaters had been constructed, the recovery of
sandy beach is impossible, because sand supply from the upcoast is entirely blocked by
the fishing port breakwater. To recover sandy beach, beach nourishment using material
with sand and gravel is needed, because the beach slope at this site has already

steepened.
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Photo 2 shows a scene of the beach between the detached breakwaters at site No. 2.
Note that the backshore is widely covered with the vegetation zone. Coastal vegetation
can grow only when the backshore is stable even in storm wave conditions, and thus the
location shown in Photo 2 is found to be stable. The reason is such that detached
breakwaters were constructed on both sides of this area. The sandy beach shown in
Photo 2 was formed owing to the depositional effect of sand by these detached
breakwaters, and sand was deposited even without beach nourishment. However, such
sand is still gradually moving northward by northward longshore sand transport,
implying that the sand volume in this area gradually decreases, resulting in the shoreline
recession.

Immediately south of the Erren River, coastal road extends along the coastline and
the area inland of this road is crowded with houses, as shown in Photo 3. To protect the
densely-populated area, a super dike with a concrete pavement on top of the coastal dike
has been constructed. Beyond this coastal dike, a straight walkway extended along the
seaward part of the coastal dike with a fence, as shown in Photo 4. However, seaward of
this fence, there was no sandy beach and the coastline was entirely covered with large
boulders and concrete armor units, as shown in Photo 5. On the south side of the
location shown in Photo 5, the seawall was directly exposed to sea waves. Under such a
condition, normally wave overtopping over the seawall becomes severe. Such condition
can be observed by the presence of dead trees on the bank, as shown by arrow A in
Photo 6. Similarly, if we walk along the coastline and watch the vegetation, we can get
the information of the severity of the wave overtopping over the seawall.

On the other hand, a wide sandy beach extended behind the detached breakwater
located on the left side of the Erren River, as shown in Photo 5. The cuspate foreland
behind the detached breakwaters was once formed owing to the depositional effect of
the detached breakwater, but now the sand volume of the cuspate foreland is gradually
decreasing owing to the discharge of sand by northward longshore sand transport.

(2) North of Erren River mouth

Although once there was a sandy beach immediately north of the Erren River, the
beach was rapidly eroded owing to the discharge of sand by northward longshore sand
transport. At present, no sandy foreshore exist in front of the seawall, as shown in Photo
7. Concrete blocks were placed along the shoreline with many drift woods. Photos 8 and
9 show the coastal condition immediately north of the river mouth. A coastal dike
extends and the coastal vegetation grows along the landward side of the dike. When we
carefully watch the front of the vegetation, as shown by arrow B in Photo 9, dead trees

can be identified. This means that the elevation of the concrete armor units in front of
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the vegetation is low enough to permit the wave overtopping. Photo 10 shows the
detailed condition of the area, as shown by arrow C in Photo 9, where dead trees can be
observed. In this area, the elevation of the area in front of the sloping revetment of the
dike is supposed to be low and no vegetation grow, in contrast to the site No. 9, as
shown in Photo 9. It is realized from this that the wave overtopping is severe at this site.
The condition of trees grown in the backyard of the coastline becomes good index to
judge the extent of the wave overtopping over the seawall.

On Golden Beach, there was a beautiful sandy beach composed of fine sand in front
of the seawall in 2008, but the sandy beach was severely eroded, and only a narrow
foreshore is left at present. Figure 2 show the sequence of beach erosion on Golden
Beach: (a) January 3, 2008, (b) June 30, 2009, (¢) March 1, 2012, (d) January 28, 2014,
and (e) June 11, 2015. Although a natural sandy beach extended in January 3, 2008,
beach was rapidly eroded, and the shoreline was protected by groins. Photo 11 shows
the coastal dike constructed at Golden Beach and a narrow foreshore in front of the dike.
Up to now, six groins have been constructed to control northward longshore sand
transport. Photo 12 shows the groin at the downdrift (north) end of the beach. The
bamboos placed on the foreshore are tool for aquaculture of the oysters. Photo 13 shows
the enlarged view of the groin at north end of the beach. The concrete blocks composed
of the groin subsided up to such a level that the crown of the groin is invisible, as shown
in arrow D. Longshore sand transport is the largest near the shoreline so that this shows
that large part of longshore sand transport can pass this groin. Photo 14 shows the
downcoast of the same groin. There is a difference in the shoreline position between
both sides of the groin, and the shoreline on the north side retreats, suggesting that this
groin has still an ability blocking part of the longshore sand transport, although the
effect of blocking longshore sand transport is low.

Photo 15 shows the eroded location downcoast of these groins. A scarp was formed
by the successive shoreline recession and large boulders were placed along the severely
eroded area. Thus, northward longshore sand transport is assumed to still dominate
downcoast of these groins, but the shoreline orientation approaches almost a constant in
further downcoast area. Therefore, if a groin is constructed at an appropreate location,
downcoast erosion will be avoided, and the upcoast (Golden Beach’s) shoreline will be
stabilized.

Finally, Photo 16 shows the accretion area immediately south of Anping Harbor. A
large amount fine sand was deposited in this area because the port breakwater blocked
northward longshore sand transport. In this accretion area, the shoreline has gradually

advanced with maintaining the same berm height so that a very flat lowland was formed
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immediately south of the fishing port.

CONCLUDING REMARKS

(1) South of the Erren River, many detached breakwaters have already been constructed.
These breakwaters once succeeded in blocking northward longshore sand transport.
However, deposited sand was gradually transported northward, while losing part of
cuspate foreland behind the detached breakwaters. In this area, beach nourishment
using coarse material containing sand and gravel is supposed to be effective to
recover sandy beach.

(2) Immediately north of the Erren River, the shoreline has a convex form so that wave
action in this area is strong, and the coastline is protected by the seawall and groins
together with concrete armor units. It is considered to be difficult to recover sandy
beach in this area.

(3) The foreshore width is narrow on Golden Beach because of successive erosion. In
this area, the shoreline has a concave shape and groins have already constructed as
well as the beach nourishment. Without structures such as groins or detached
breakwaters, nourishment fine sand should be discharged again, because the
wave-sheltering effect continues eternally. It is recommended that additional
groin(s) is (are) constructed downcoast (north) of Golden Beach for the entire
shoreline between Golden Beach and Anping Harbor to be stable, and then beach
nourishment using sand deposited immediately south of Anping Harbor is
considered.

(4) In this case, we need numerical simulation using the mathematical model such as the
contour-line-change model or the BG model (a three-dimensional model for
predicting beach changes based on Bagnold’s concept) to determine the location,
length, and the point depth of the groin(s).
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Fig. 1. Location map of Erren River, Golden Beach and Anping Harbor.
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(c) Mar. 1, 2012
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(e) June 11, 2015
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Fig. 2. Sequence of shoreline changes on Golden Beach.
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Photo 1. Southern coast covered with hard structures.

Photo 2. Cuspate foreland formed by depositional effect of detached breakwaters.
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Photo 3. Super dike with concrete crown to protect coastal road and houses.

Photo 4. Walkway along coastal dike.
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Photo 5. Large boulders and concrete blocks to protect coastline.

Photo 6. Coastal dike with gentle slope and vegetation.
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Photo 7. Protected coastline at Erren River mouth.

Photo 8. Coastal condition immediately north of the river mouth (Site 8).
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Photo 9. Coastal condition immediately north of the river mouth (Site 9).

Photo 10. Detailed condition of the area, as shown by arrow C in Photo 9.
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Photo 11. Coastal dike constructed at Golden Beach.

Photo 12. Groin at downdrift (north) end of beach.
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Photo 13. Enlarged view of groin at north end of beach.

Photo 14. Immediately downcoast of groin.
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Photo 15. Eroded area downcoast of groins.

Photo 16. Accreted area immediately south of Anping Harbor.
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INTRODUCTION

South of Golden Beach is located the Erren River mouth, as shown in Fig. 1. In the
vicinity of this river mouth, the satellite images have been taken since 2003. Here, the
shoreline changes were investigated using these satellite images, selecting the Erren
River mouth (Area I) and immediately south area (Area II) of the river mouth as the
study areas. In both areas, five images taken on February 20, 2003, January 3, 2008,
March 1, 2012, November 16, 2013, and February 25, 2015 were used. Figures 2 and 3
show the images of Area I of the Erren River mouth and Area Il immediately south of
the river. In both cases, the initial shoreline on February 20, 2003 is shown by the solid
line in Figs. 2(e) and 3(e) taken on February 25, 2015 to compare the overall shoreline

changes.
RESULTS

(1) Shoreline Changes in Area I

On February 20, 2003, large river mouth bars existed on both sides of the mouth, as
shown in Fig. 2(a). Note the protruded shoreline on both sides as designated by arrows
A and B. These protrusions are generally formed by the shoreward sand transport,
where part of sand composed of a sand bar offshore of the river mouth is transported
landward, and emerges from the seabed, resulting in increase in volume of sand of the
foreshore. This phenomena occur, only if a large amount of sand is deposited offshore
of the river mouth. In addition, a white-capped breaking waves can be seen in the
offshore area, where the water depth is very shallow. On the left side of the river, a sand
spit 1s growing, while enclosing previous sand spit, Similarly, a sand spit was formed on
the right side of the opening of the river mouth. All these clearly show that the water
depth at the mouth was shallow, and sand supplied from the river was transported

northward.
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By January 3, 2008, southern half of the offshore bar disappeared, as shown in Fig.
2(b), and the river mouth bar on the left bank of the river entirely disappeared as well.
On the right bank of the river mouth bar, which was located offshore of the Erren River
bridge on February 20, 2003, retreated by 135 m, and crossed the bridge. Thus, it is
clear that the Erren River mouth area was severely eroded up to 2008,

By March 1, 2012, the river mouth bar on the right bank further retreated upstream
of the bridge. South of the river mouth, two detached breakwaters have been
constructed and a large cuspate foreland was formed behind the breakwaters. Because
the water depth at the mouth of the river was supposed to be increased, sand deposited
behind the breakwaters is assumed to be transported from the southern coast.

Up to November 16, 2013, the tip of the sand spit on the right bank attached to the
upstream bank owing to further sand transport along the right river bank. In contrast,
not only the size of the cuspate foreland behind the detached breakwaters markedly
increased but also the size of the river mouth bar on the left bank increased, implyving a
large amount of sand was supplied from the south coast, instead of the river. For the
fluvial sand supply to be transported to the river mouth, the river bed is assumed to be
too deep.

On February 25, 2013, on the left river bank a river mouth bar developed, as shown
in Fig. 2(e), and a sand spit formed, inplying that further sand sppply from the south
coast occurred. In this figure, the initial shoreline on February 20, 2003 is also shown.
When comparing the shorelines in 2003 and 20135, it is seen that the river mouth bar
retreated in the upstream direction of the river along with the formation of a cuspate
foreland behind the detached breakwaters. The former result suggests that the water
depth of the river mouth increased owing to the dischage of sand by northward
longshore sand transport.

(2) Shoreline changes in Area I1

The satellite image taken on February 20, 2003 is shown in Fig. 3(a). At this stage,
16 detached breakwaters had already been constructed along the shoreline. Here, all
these detached breakwaters are numbered 1 through 16, as shown in Fig. 3(a). Although
the length of the detached breakwaters is 80 m, the offshore distance of the detached
breakwater from the coastline increases from 100 m between No. 1 and No. 9, and then
the distance increases northward with a maximum distance of 170 m between No. 13
and No. 16. At this stage, a cuspate foreland (tombolo) well developed between No. 1
and No. 9, but further north, no cuspate forelands developed except that behind No. 12.

On January 3, 2008, the size of the cusparte foreland behind detached breakwater

Nos. 1-3 decreased compared with those in February 20, 2013. In constrast, sand was
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deposited north of No. 10, particularly between Nos. 13-13, a large amount of sand was
deposited to form a wide foreshore. Up to March 1, 2012, the size of the cuspate
foreland behind the detached breakwaters No. 1-5 decreased, whereas a large amount of
sand was further deposited to form a large cuspate foreland behind Nos. 15 and 16. Up
to November 16, the size of the cuspate foreland behind Nos. 1-5 decreased with the
discharge of sand, and also the shoreline behind Nos. 13-16 started to retreat. In this
area, instead of the formation of a cuspate foreland behind each detached breakwater,
overall shoreline advanced behind four detached breakwaters.

Finally, on February 25, 2015, the cuspate foreland behind No. 1-4 was severely
eroded, and the cuspate foreland behind Nos. 13-16 was also eroded. Thus, in Area II,
sand was deposited behind the detached breakwaters at first, but erosion started from
the southern part of the beach, whereas in the northern area the shoreline advanced
behind the detached breakwaters, implying that sand has been gradually transported
northward, even though the shoreline was protected by detached breakwaters.

CONCLUDING REMARKS

In Area I around the Erren River mouth, beach erosion occurred between 2003 and
20135, and a large amount sand discharged from this area. Although a large river mouth
bar had been formed before February 20, 2003, it was eroded away up to February 23,
2013, resulting in exposure of both banks to waves. The cause is assumed to be
imballance of longshore sand transport, i.e., sand supply from the south coast decreased,
whereas northward longshore sand transport prevailed in this area under the condition
that the fluvial sand supply from the Erren River had decreased. In Area II immediately
south of the river, where detached breawaters had already constructed, at first sand was
deposited behind the detached breakwaters but such sand was gradually transported
away by northward sand transport, resulting that once-formed cuspate forelands behind

the detached breakwaters disappeared because of the permeable structure.
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Fig. 1. Location of study areas.
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(a) February 20, 2003

(b) January 3, 2008
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(c) March 1, 2012
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(d) November 16, 2013
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(e) February 25, 2015
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Fig. 2. Satellite images of Area I around Erren River mouth.
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(a) February 20, 2003

(b) January 3, 2008
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(c) March 1, 2012

(d) November 16, 2013
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(e) February 25, 2015
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Fig. 3. Satellite images of Area Il immediately south of Erren River mouth.
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BATHYMETRY AND PROFILE CHANGES IN STUDY AREA

The bathymetry in the study arca between the Erren River mouth and Anping
Harbor 6 km north of the river mouth is shown in Fig. 1, together with four transects
along which profile changes were measured. The bathymetry was measured in
November 2010. Transects S1 and S2 are located in the accretion zone south of Anping
Harbor, whereas transects 83 and S4 are located in the eroded zone near the Erren River.
Northward longshore sand transport, which was induced by the wave-sheltering effect
of the Anping Harbor breakwater, was entirely blocked by the south breakwater of
Anping Harbor, and a large amount of sand was deposited. A wide foreshore was
formed south of the breakwater and a lowland with an elevation of 2.2 m above the
mean sea level (MSL) extends, which is later shown from the profile changes along
transect S1, because the shoreline has successively advanced in this area. Between the
Erren River mouth and X = 2 km, there is no foreshore, and the area with no foreshore
exactly coincides with the location where the seawall is exposed to waves.

The depth contours between the shoreline and -6 m advance with the greater
displacement in the deeper contours, together with the shoreline advance north of X' =2
km. However, immediately south of Anping Harbor, a deep longshore channel is formed
owing to the development of northward longshore currents with the development of
longshore bars. In contrast, parallel contours extend along transects S3 and S4 with a
steep slope near the shoreline, because a large amount of sand was transported away
from this area. Along transect S3, no longshore sand bars develop, resulting in the
exposure of the seawall to waves.

At the Erren River mouth, a deep channel of 4 m depth is formed and offshore of the
river mouth a flat terrace of asymmetrical shape is formed, i.e., on the south side of the
terrace the contours of -3 and -4 m smoothly extend alongshore, whereas on the north

side a concave contours are formed owing to the development of oblique rip currents.
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Figures 2-5 show the profile changes along transects S1-S4, and in each figure four
profiles measured in October 2002, June 2009, May 2010 and December 2010 are
shown. Along transect S1, a large amount of sand was deposited to form an upward
convex profile near the shoreline with a foreshore width of 317 m. This clearly shows
the deposition of sand which was transported by northward longshore sand transport.
Although significantly large profile changes can be seen in offshore area, the profile
changes almost converge approximately -6 m, implyving that the depth of closure of this
coast is approximately equal to -6 m. Along transect S2, the foreshore width becomes
172 m, which is smaller by 145 m compared with that along transect S1, because the
transect is far from the Anping Harbor breakwater. In offshore zone, a large bar and
trough develop, implying that fine sand is deposited in the offshore zone, which in turn
suggests the difficulty of controlling sand movement by using structures.

Along transect S3, far from the Anping Harbor breakwater, the profile immediately
offshore of the shoreline is concave and the seabed is very deep, which is a typical
characteristics of the eroded beach. In this area, also the depth of closure is
approximately is given by -6 m. Along transect S4 immediately north of the Erren River
mouth, although a very flat offshore terrace existed in October 2002, this offshore
terrace was eroded over time and a concave profile was formed by November 2010, and
thus this transect has been eroded similarly to that along transect S3, even it is located

next to the Erren River mouth.

ESTIMATION OF LONGSHORE SAND TRANSPORT RATE

When longshore sand transport is blocked by a structure, sand is deposited upcoast
of the structure, resulting in the shoreline advance, whereas on the downcoast the
shoreline retreats and a concave profile is formed due to the successive erosion. In this
case, the change in shoreline position Ay and the change in the cross-sectional area A4
can be determined from the profile changes. If we consider the correlation between A4
and Ay, generally a linear relationship is obtained between them, and this regression
coefficient between them is called ‘the characteristic height of beach changes’, A, and it
can be used as a constant for transforming the change in foreshore area of the beach into
the change in volume of sand of the beach.

This value can be determined from the temporal changes in profile along a transect,
as shown in Figs. 2-5. Similarly, it can be determined from the comparison of two
profiles measured at the same time along different transects. For example, transects S1

and S3 are selected in accreted and eroded areas, respectively. Two profiles along
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transects S1 and S3 are first superimposed, and then the shoreline changes and the
change in cross-sectional area can be obtained from these superimposed two profiles, as
schematically shown in Fig. 6. Finally, a relationship between between A4 and Ay is

calculated, as shown in Fig. 7. In the present case, we obtain the relationship
A4 =9.2Ay. (D)

Finally, the characteristic height of beach changes, 4, becomes 9.2 m. This value is close
to the sum of the berm height (4z) 2.2 m and the depth of closure (#;) 6 m (in fact,
slightly larger value will be expected).

In addition to this, the increase in foreshore area south of Anping Harbor, which can
be calculated from the shoreline change (later shown), is approximately given by
2.2%10° m*. When multiplying this value by the characteristic height of beach changes
(9.2 m), the entire volume of sand deposited in the south part of Anping Harbor can be
calculated to be 2.0x10° m’. Since the construction of the Anping Harbor breakwaters
began in 1999, and 16 vears have passed since then, the annual rate of the deposition of
sand becomes approximately 12510 m3/yr. This volume of sand is considered to be

supplied from the south coast by longshore sand transport.
CONCLUDING REMARKS

In the study area, northward longshore sand transport, which was induced by the
wave-sheltering effect of Anping Harbor, prevails, and the rate of transport is estimated
to be approximately 12.5:10" m*/yr. Furthermore, the depth of closure 4. and the berm
height /s are approximately -6 m and 2.2 m in the study area, and the characteristic
height of beach changes, 4, is estimated to be 9.2 m. These values are important in
designing the shape of the groin: the crown height, length and point depth of the groins:
if the crown height of the groin is lower than /g, part of longshore sand transport may
pass through the groin, and if the point depth of the groin is shallower than A, part of
sand will be transported downcoast, while turning around the tip of'the groin. Also these
characteristic values are important in predicting the beach changes using the numerical

models.
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Fig. 1. Bathymetry between Erren River mouth and Anping Harbor.
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Fig. 3. Beach profile changes along transect S2.
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The shoreline on Golden Beach has retreated in recent years, and the seawall
constructed far from the shoreline was severely damaged. This situation is clearly seen
in site photographs. Figure 1 shows the photograph of the foreshore, secawall and
walkway along the shoreline on Golden Beach, taken on June 6, 2002 before the erosion.
A wide foreshore extended in 2002. Note that a vegetation zone extended in front of the
seawall, implying that the backshore was stable against waves, because the ground
elevation of the backshore was significantly high. Because of the existence of a wide
foreshore with a high elevation, the seawall was supposed to be stable.

Figures 2 and 3 show the damaged seawall on Golden Beach on January 26, 2011,
looking the south and north, respectively. The plane walkway fell down owing to the
successive erosion, and concrete blocks were placed in front of the damaged seawall in
Fig. 2, as well as the installation of groins. Also Fig. 3 shows the damaged wallkway
along the seawall, showing the discharge of sand underneath the walkway indirectly
caused by the lowering of the elevation of the foreshore.

By September 1, 2012, all sandy beach disappered with the exposure of gravel bed,
as shown in Fig. 4. These beach changes were triggered by northward longshore sand
transport induced by the wave-sheltering effect of the construction of the Anping Harbor
breakwater. Sand volume has decreased by the imbalance in longshore sand transport,
i.e., the outflow of sand from the area was larger than the inflow of sand. Therefore,
even if a large amount of sand is to be nourished, the recovery of the previous wide sand
beach is difficult, unless some structures which prevent sand from discharging

northward from the site are installed.
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Fig. 1. Wide sandy beach before erosion on Golden Beach (June 6, 2002).

Fig. 2. Collapsed seawall and concrete armor units (January 26, 2011).
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Fig. 4. Severely eroded beach with exposure of gravel bed (September 1, 2012).
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INTRODUCTION

The construction of the south and north breakwaters of Anping Harbor located 4 km
north of Golden Beach started in 1999 and completed by 2004. In 1985, before the
construction of Anping Harbor, a sandy beach of the width ranging between 100 and
160 m extended between the Erren River mouth and a location, where Anping Harbor
was to be constructed later. However, after the construction of Anping Harbor, the
shoreline in the same area retreated by 120-160 m due to the erosion. In this study, the
shoreline changes determined from aerial photographs and topographic changes
determined from the bathymetric survey data were investigated. As the tidal range in
Anping Harbor, the mean tide level is +0.356 m and the tidal range is 1.07 m. For wave
conditions near the Erren River mouth, the significant wave height is less than 0.98 m
(wave period 4-8 s) with the predominant direction of waves of SW in summer, whereas

the significant wave height is less than 0.85 m (wave period 5-8.5 ) in winter.
GENERAL FEATURES

The previous report (Golden Beach 3) showed that the depth of closure /. and the
berm height g are approximately 2.2 and -6 m in the study arca. At present, the length
of the south breakwater measured off the coast is 1.9 km and the point depth is 13 m
below MSL, which is much greater than the depth of closure 4. of approximately 6 m
below MSI, and therefore longshore sand transport is completely blocked by the port
breakwaters. Also the wave direction at Golden Beach seasonally varies from the SW
and the NW so that the wave direction alternately changes in this arca, implying that
sand transported on the south side of Anpin Harbor during the summer season was
difficult to escape from the wave-shelter zone of Anpin Harbor in winter, causing

marked sand deposition in the adjacent area of the port.
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SHORELINE CHANGES

Figure 1 shows the shoreline changes between 1985 before the construction of
Anping Harbor and 2014, 11 years after its completion. The shoreline gradually
advanced in the area between X = 2.8 km and Anping Harbor between 1985 and 2014,
whereas the shoreline between the Erren River mouth and X = 2.8 km retreated with a
maximum shoreline recession of 140 m. Note that there is a nodal point at X = 2.8 km,
slightly north of Golden Beach, in this shoreline change. This means that northward
longshore sand transport, which occurs in the depth zone between the berm height (+2.2
m) and the depth of closure (approximately -6 m), only pass through this nodal point at

X = 2.8 km, causing the erosion upcoast and accretion downcoast.

BATHYMETRIC CHANGES BETWEEN 2002 AND 2015

Figure 2 shows the bathymetric changes between October 2002 and October 2015,
the red and blue colors correspond to erosion and accretion of the beach. A large amount
of sand was deposited north of the nodal point at X = 2.8 km. Offshore of this deposition
zone a slender erosion zone with depths ranging -3 or -5 m extends northward until the
attachement to the south breakwater of Anping Harbor. However, further offshore of this
slender erosion zone, a large amount of sand was deposited and the deposition zone
expanded close to the tip of Anping Harbor. This is mainly due to the fact that in this
area fine material has been transported northward, while forming a bar and trough and
was finally deposited offshore because of small equilibrium slope of sand.

In the south part of the study area, severe erosion occurred, particularly offshore the
Erren River mouth. Eroded sand was entirely transported northward to deposit south of
Anping Harbor. Even though eight groins were constructed in front of Golden Beach
together with beach nourishment, beach was eroded. Note that crosion is severe
immediately downcoast of the groins (between X = 2.2 and 2.8 km), indicating that the

optimum location of groins must be carefully selected.
COMPARISON OF BATHYMETRIES IN 2010 AND 2015

Figures 3 and 4 show the bathymetries measured in 2010 and 2015. Overall features
of the bathymetry do not change in five years, but some changes are noted. First, many

groins were constructed between the Erren River mouth and Golden Beach as a measure

against beach erosion, with 13 shorter groins near the river mouth and 8 longer groins in
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front of Golden Beach. When we investigate the bathymetry and bathymetric changes in
the vicinity of Golden Beach using Figs. 2-4, it is seen that sand was locally deposited
immediately upcoast of Golden Beach (south of long groins). However, beach was
locally eroded with shoreline recession downcoast of Golden Beach, implying that the
present measure using groins is not necessary effective.

Immediately south of Anping Harbor, the offshore contour of -5 m markedly
advanced with further development of bar and trough topography. This clearly explains

that large-scale beach changes are still occurring in this area.
CONCLUSIONS

Large-scale beach changes are still occuring in the study arca, even though a
measure using groins has been carried out. To solve the issue, further improvement is
required. Present situation was analyzed as mentioned above, but to find out the
appropreate solution, it is better to predict beach changes using the contour-line change
model (Uda, 2010) or the BG model (a model for predicting three-dimensional beach
changes based on Bagnold’s concept)(Serizawa ef al., 20006), including the investigation

of the effectiveness of beach nourishment with several structures.
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