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The relationship between the protection of sea cliffs from which a 

large amount of sand was supplied to the downcoast and the resultant 

downcoast erosion was investigated, taking the northern Kujukuri Beach 

as an example. A seawall was constructed along with the installation of 

concrete blocks to protect the downcoast locally, resulting in shoreline 

recession further downcoast. These actions were recurrently carried out 

on this coast, and a long stretch of the coastline was covered with 

concrete blocks, causing the loss of a natural sandy beach. These beach 

changes were reproduced using the BG model (a three-dimensional 

model for predicting beach changes based on Bagnold’s concept). On the 

basis of these field data, future measures were considered. 

 

 

INTRODUCTION 
 

Beach erosion caused by anthropogenic factors has been severe at many 

coasts in Japan. Uda (2010) has classified the cause of beach erosion into 
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seven categories. One of them is in the selection of the measure itself, i.e, the 

protection of sea cliffs from which a large amount of sand was supplied to the 

downcoast, resulting in a marked decrease in sand supply to the downcoast 

and subsequent beach erosion. When downcoast erosion occured, a seawall 

was constructed along with the installation of concrete blocks to protect the 

site locally, resulting in shoreline recession further downcoast. These actions 

were recurrently carried out, and a long stretch of the coastline was covered 

with concrete blocks, causing the loss of a natural sandy beach. In this study, 

this issue is investigated, taking northern Kujukuri Beach, as shown in Fig. 1, 

as an example. 

 

 

Figure 1. Location of Kujukuri Beach facing Pacific Ocean. 

This beach is a 60-km-long sandy beach facing the Pacific Ocean and 

extending from Byobugaura and Taito sea cliffs located at the north and south 

ends, respectively, and has been formed by the deposition of sand supplied 

from the sea cliffs mainly composed of unconsolidated mud and sand stones 

(Horikawa and Sunamura, 1971). The Byobugaura sea cliffs, which constitute 

the main source of sand, had been retreating at a rate of 0.7 m/yr and much 

sediment was supplied to the coast (Horikawa and Sunamura, 1969; 1970). 

However, sand supply to Kujukuri Beach markedly decreased mainly because 

of the installation of concrete blocks along the sea cliffs as a measure against 
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erosion since the 1960s. Longshore sand transport was also obstructed by the 

construction of Iioka, Taito, and Katagai fishing ports located at the north and 

south ends of the beach, and at the central part of the beach, respectively. 

Moreover, the volume of littoral sand was decreased by the offshore disposal 

of dredged materials at these fishing ports. All these activities resulted in the 

expansion of the eroded zone from the vicinity of both ends of the pocket 

beach to the central part. Thus, this beach is in critical condition at present in 

terms of the preservation of the natural sandy beach. Here, measured beach 

changes were reproduced using the BG model (a three-dimensional model for 

predicting beach changes based on Bagnold’s concept) proposed by Serizawa 

et al. (2007), and future measures were considered on the basis of the results of 

the numerical simulation. 

 

 

SHORELINE CHANGES 
 

Figure 2 shows an aerial photograph of the northern Kujukuri Beach in 

2010 extending north of Katagai fishing port, as shown in Fig. 1. A gradually 

curved embayment shoreline extends from Iioka fishing port located at the 

north end of the study area to Katagai fishing port in the northeast-southwest 

direction. The shoreline changes in the entire area, as shown in Fig. 2, were 

investigated using aerial photographs. Figure 3 shows the shoreline changes 

between 1947 and 2010, where the shoreline changes were read to the 

direction normal to the shoreline in 2010 between Iioka fishing port and the 

Shimonagai coast because the shoreline has a large curvature, as shown in Fig. 

2. 

 

Figure 2. Aerial photograph of northern Kujukuri Beach between Iioka and Katagai 

fishing ports in 2010.  
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Figure 3 demonstrates that the area with a wide foreshore and that with no 

sandy beach are in remarkable contrast with each other, and the area where the 

shoreline advanced concentrated on the Shimonagai coast and in the area 

northeast of Katagai fishing port with maximum shoreline advances of 226 

and 385 m at the Shimonagai coast and Katagai fishing port, respectively. 

Except for the local shoreline advance at the Yashigaura coast (X = 6.5 km) 

and the Kuriyama River mouth (X = 22 km), almost the entire area between 

two sand accumulation zones is erosive, the sandy beach completely 

disappeared between X = 4.3 and 14.8 km, and the seawall was exposed to 

waves. In the area where the sandy beach is left, erosion on the Node coast 

was most severe, and a maximum shoreline recession of 56 m occurred at a 

location of X = 15.2 km. 

 

 

Figure 3. Shoreline changes between 1947 and 2010. 

In 1947, Kujukuri Beach was a natural sandy beach in which sand 

supplied from Byobugaura northeast of the beach was transported with no 

obstruction by artificial structures toward the central part by longshore sand 

transport. Then, the Iioka fishing port breakwater was extended, as shown in 

Fig. 4, and the south breakwater of the fishing port was extended 1 km 

offshore from the previous coastline until 2010. Owing to the extension of the 

south breakwater, westward longshore sand transport was obstructed, and a 

large wave-shelter zone was formed west of the south breakwater, causing 
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sand deposition in the wave-shelter zone, and severe erosion occurred 

downcoast because of marked decrease in sand supply from the upcoast. 

 

 

Figure 4. Aerial photographs of Iioka fishing port and nearby coast. 
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On further downcoast near Katagai fishing port, a large amount of sand 

was deposited between the Motosuka coast and Katagai fishing port, as shown 

in Fig. 3, because of the obstruction of longshore sand transport by the Katagai 

fishing port breakwater, which was extended over time, as shown in Fig. 5. 

 

 

Figure 5. Aerial photographs of Katagai fishing port and nearby coast. 
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Figure 6 shows the change in shoreline position between 1947 and 2010 at 

points A, B and C on the Yokone, Node, and Motosuka coasts, respectively, 

where marked shoreline changes were observed in Fig. 3. Although no 

shoreline changes had been observed before 1970, the shoreline at point A 

advanced at a rate of 6.8 m/yr with the construction of the Iioka fishing port 

breakwater, and 15 detached breakwaters on the Iioka coast, resulting in the 

total shoreline advance of 205 m until 2010. In contrast, the shoreline position 

at point B retreated by a rate of 1.3 m/yr with a 13 year time lag compared 

with that at point A with the total shoreline recession of 57 m until 2010. In 

addition, the shoreline at point C advanced by a rate of 5.8 m/yr with the total 

shoreline advance of 176 m until 2010. At all points, the shoreline still 

continues to change at present. 

 

 

Figure 6. Shoreline changes with time at location A of Iioka, location B of Node and 

location C of Motosuka coasts. 

Sand supplied from Byobugaura was transported westward under natural 

conditions, and the longshore sand transport was estimated to be 3.0×105 m3/yr 

between 1960 and 1967 (Uda, 1997). Then, the breakwater of Iioka fishing 

port was extended, resulting in the reduction in sand supply to the west of the 

fishing port, and sand supply from the sea cliffs was assumed to be reduced to 

9×104 m3/yr since 1967 (Uda, 1997). Furthermore, Uda et al. (2010) estimated 

that the longshore sand transport rate obstructed by the south breakwater was 

1.4×104 m3/yr on average between 1985 and 2005 after the extension of the 

south breakwater, and the same amount of longshore sand transport discharged 
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downcoast, while turning around the tip of the breakwater after 2005. Note 

that the rate of longshore sand transport is one order of magnitude smaller than 

that under the natural conditions in the past. 

At Katagai fishing port, a 400-m-long jetty was extended in 1970 at the 

Sakuta River mouth, and then in 1983, two oblique breakwaters were 

constructed at the tip of the jetty to prevent sand deposition, as shown in Fig. 

5. Thereafter, the Katagai fishing port breakwater was further extended until 

2000, resulting in further shoreline advance northeast of the port because of 

the blockage of longshore sand transport. Regarding the beach changes around 

Katagai fishing port, San-nami et al. (2009) estimated longshore sand transport 

turning around the tip of the breakwater to be 7×104 m3/yr on the basis of a 

numerical simulation using the contour-line-change model proposed by 

Serizawa et al. (2003). Thus, as the sand budget in the study area, sand is 

supplied from upcoast (Iioka fishing port) at a rate of 1.4×104 m3/yr, whereas 

sand is transported away from the downcoast boundary (Katagai fishing port) 

at a rate of 7×104 m3/yr with no balance in sand transport, implying that 

erosion became severe with time. 

 

 

CHANGE IN BEACH WIDTH 
 

On Kujukuri Beach the seaward advance of the marginal line of the 

coastal forest significantly affected to the decrease in the beach width 

(Hoshigami et al., 2005). Therefore, the shoreline position and location of the 

seaward marginal line were read from the aerial photographs taken between 

1947 and 2010, and the change in beach width was calculated (Fig. 7). The 

vertical axis shows the offshore distance from the location of the seawall to the 

shoreline and the marginal line of the coastal forest in 2010. From the 

definition of the variables, the distance between the shoreline and the marginal 

line of the coastal forest corresponds to the beach width. 

Although the beach width was as narrow as 28 m in the vicinity of Iioka 

fishing port in 1947, when a natural sandy beach extended, it gradually 

expanded southwestward with a maximum beach width of 175 m on the 

Motosuka coast at X = 26. 4 km. By 1970, the breakwaters of Iioka and 

Katagai fishing ports had been constructed, and the shoreline started to 

advance northeast of the breakwater. However, as a result of the seaward 

advance of the marginal line of the coastal forest, which occurred 

simultaneously with the construction of the breakwaters, the beach width was 

narrowed. 
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Figure 7. Offshore distance to shoreline and marginal line of coastal forest from 

seawall. 

By 1983, the Iioka fishing port breakwater was extended along with the 

construction of seven detached breakwaters on the Yokone coast as a measure 

against beach erosion, and then the beach width behind these detached 

breakwaters extended to a maximum of 192 m at a location of X = 2.8 km. In 

the area between the Yokone and Asahi coasts (X = 4.5 and 6.4 km) further 

downcoast of the detached breakwaters, the sandy beach was eroded away and 

the seawall was exposed to waves. Moreover, the Katagai fishing port 

breakwater was further extended, resulting in further sand deposition and 

shoreline advance upcoast of the fishing port owing to the obstruction of 

longshore sand transport. 

By 1990 and 2000, the south breakwater of Iioka fishing port was further 

extended along with the construction of 12 detached breakwaters and 10 

artificial headlands. The beach was further widened between the Shimonagai 
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and Yokone coasts (X =2.2 and 5.3 km), whereas on the Asahi and Node 

coasts, the sandy beach disappeared. The area where the sandy beach 

disappeared was between X = 4.7 and 10.6 km (extension 5.9 km) in 1990; it 

expanded to the area between X = 5.5 and 14.3 km (extension 8.8 km) until 

2000, resulting in the southwestward expansion of the area with the exposed 

seawall. Furthermore, the additional extension of the Katagai fishing port 

breakwater caused the shoreline advance on the northeast side of the fishing 

port. 

By 2010, the number of detached breakwaters increased to 15 between the 

Shimonagai and Asahi coasts along with the construction of 12 artificial 

headlands further downcoast. Between the Shimonagai and Yokone coasts (X 

= 2.2-5.3 km), the sandy beach width further extended, and simultaneously, 

the sandy beach completely disappeared between the Asahi and Node coasts 

(X = 5.5-14.6 km), resulting in the exposure of the seawall along 9.1 km 

length, which is equal to one-third of all the northern Kujukuri Beach. The 

length where the seawall was exposed to waves gradually expanded downcoast 

between 1983 and 2010 with a mean expansion velocity of 270 m/yr.  

The reduction of the beach width between the shoreline and the marginal 

line of the coastal forest was triggered by both the shoreline recession 

(landward movement) and the advance of the marginal line of the coastal 

forest (seaward movement). Of these two factors related to the reduction in 

beach width, the plantation of coastal forest had been extensively carried after 

WWII to stabilize the devastated coastal land and to reduce windblown sand. 

However, the excess advance in the coastal forest zone up to the vicinity of the 

shoreline became one of the causes of the reduction in sandy beach width as a 

buffer zone against beach changes due to waves (Uda, 2010). 

 

 

SITE OBSERVATION 
 

To investigate the present condition of the northern Kujukuri Beach, site 

observation was carried out on November 18 and 19, 2011. Figure 8 shows a 

photograph of Byobugaura, which is the main supply source of sand to 

Kujukuri Beach, taken from the shoreline east of Iioka fishing port. Although 

Byobugaura is made up of the sea cliffs with 30-50 m height and composed of 

unconsolidated layers of sand and mud stones, a number of concrete blocks 

have been constructed continuously along the sea cliffs to prevent erosion. 

This induced a marked reduction in sand supply to the downcoast, resulting in 

beach erosion. 
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Figure 9 shows a photograph of the long south breakwater of Iioka fishing 

port taken from Gyobu Point located at the southwest end of Byobugaura. In 

the past, with no breakwaters of the fishing port, westward longshore sand 

transport freely passed this location, but now, it is obstructed by the 

breakwater. The formation of the sandy beach on the left (east) side of the 

breakwater is evidence of the blocking of smooth longshore sand transport.  

 

 

Figure 8. Photograph of Byobugaura Sea Cliffs taken from shoreline east of Iioka 

fishing port. 

 

Figure 9. Long breakwater of Iioka fishing port, looking west from Gyobu Point 

located at southwest end of Byobugaura. 
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Figure 10. Seawall undermined by discharge of fill material behind seawall at a 

location of X = 9 km on Asahi coast. 

 

Figure 11. Seawall and a number of concrete blocks (X = 13 km, Node coast, looking 

north). 

Although the foreshore completely disappeared between X = 8.6 and 14.6 

km in Fig. 3 and the seawall was completely exposed to waves, the seawall 

was undermined at X = 9 km owing to the discharge of the fill material behind 

the seawall, which barely collapsed, as shown in Fig. 10. The concrete blocks 

in front of the seawall also subsided and their wave dissipation effect was lost. 

Similarly, at a location of X = 13 km on the Node coast, where the beach was 
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severely eroded, a number of large concrete blocks were piled to the level by 

which ocean view from the shoreline was totally lost, as shown in Fig. 11. 

Further south, the seawall and their foot protection extended straight for a long 

distance (Fig. 12). 

 

 

Figure 12. Seawall and subsided concrete blocks (X = 13 km, Node coast, looking 

south). 

 

 

Figure 13. Scarp of 1.5 m height formed downcoast of artificial headland No. 9 on 

Node coast. 
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Figure 14. Isolated dune vegetation of an agave left on backshore due to erosion. 

Sandy beach reappeared southwest of artificial headland No. 9 on the 

Node coast, but erosion was under way at that site. Immediately south of 

artificial headland No. 9, a scarp of 1.5 m height was formed, as shown in Fig. 

13, and downcoast of this area, an isolated dune vegetation of an agave, which 

originally grew on the sand dune, was left on the backshore owing to erosion, 

as shown in Fig. 14. 

 

 

Figure 15. Beach erosion in front of playground constructed south of artificial 

headland No. 11. 
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Figure 16. Collapsed gently sloping revetment (X = 19 km, Kido coast). 

 

Figure 17. Natural sandy beach with a very gentle slope of 1/50 left south of the Kido 

River mouth. 

At a location 600-850 m downcoast of artificial headland No. 11 on the 

Node coast, there was a wide sandy beach in the past, and therefore, a 
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playground was constructed very close to the shoreline along with the 

construction of the seawall to protect the facility. However, this seawall was 

exposed to waves by successive beach erosion, which in turn caused the 

obstruction of southward longshore sand transport. As a result, a scarp of 1.8 

m height was formed immediately downcoast of the seawall (Fig. 15). 

Figure 16 shows the damaged gently sloping revetment built at a location 

of X = 19 km on the Kido coast. Almost entire concrete blocks on the slope of 

the revetment subsided and the revetment was severely destroyed. Because the 

original elevation of the crown concrete blocks was 0.2 m below the top of the 

revetment, where a white concrete wall can be seen in Fig. 16, it is clear that 

the concrete blocks subsided by 0.7 m. The collapse of the gently sloping 

revetment is mainly caused by the subsidence of the foot of the revetment 

associated with the erosion and the resultant discharge of the fill material 

under the revetment (Uda et al., 2005). It is clear that the gently sloping 

revetment is easily destroyed when the foot of the revetment is exposed to 

waves after the shoreline recession. However, sandy beach with a very gentle 

foreshore slope of 1/50, being the lost scene of the past Kujukuri Beach, was 

left south of the Kido River mouth located at X = 27 km in contrast to the 

severe erosion north of there, as shown in Fig. 17. 

 

 

NUMERICAL SIMULATION USING BG MODEL 
 

Method and Calculation Conditions 
 

The BG model proposed by Serizawa et al. (2007) was employed to 

predict beach changes. The calculation domain was a 33-km-long coastline 

extending between Iioka and Katagai fishing ports, as shown in Fig. 18. As the 

boundary conditions, longshore sand transport of 1.4×104 m3/yr, which was 

estimated by Uda et al. (2010), was assumed at the northeast boundary (X = 0 

km), whereas a free boundary was set at the southwest boundary. 

For the wave conditions, the energy-mean significant wave height 

measured offshore of Choshi was adopted and seasonal variations in wave 

characteristics were considered; relatively calm waves with H = 1.5 m (T = 

11.3 s) and rough waves with H = 2.0 (T =7.9 s) were considered with the 

predominance of southerly waves from the direction of N113° E and northerly 

waves from the direction of N79° E in summer and winter, respectively. 
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Figure 18. Composite waves for calculation. 

The coastline of north Kujukuri Beach between Iioka and Katagai fishing 

ports has a gradually curved concave shape, as shown in Fig. 18, and the wave 

direction coincides with the direction normal to the shoreline, N113° E, in the 

area between X = 20 and 32 km in summer, resulting in the nil longshore sand 

transport. In contrast, the angle between the direction normal to the shoreline 

and wave direction becomes large in the area between X = 2 and 20 km, 

resulting in large longshore sand transport. In other words, the area where 

summer waves markedly affect the shoreline change becomes the shoreline 

between X = 2 and 20 km. Under the condition of the winter wave direction of 

N79° E, a large wave-shelter zone is formed west of Iioka fishing port, and 

longshore sand transport reduces to zero because of a significant decrease in 

wave height in the wave-shelter zone. This implies that the effect of winter 

waves on the beach changes is weak in the wave-shelter zone of Iioka fishing 

port, but its effect increases with increasing southwestward distance from the 

fishing port. Taking the effect of the seasonal change in wave conditions on 

the shoreline changes into account, composite waves composed of summer 

and winter waves were assumed in the study area, so that the effects of 

summer and winter waves are predominant in the area between Iioka fishing 

port and X = 20 km, and in the area between X = 20 km and Katagai fishing 

port, respectively. First, longshore distribution of wave height and wave 

direction was calculated using the angular spreading method for irregular 

waves (Sakai et al., 2006) given incident waves in summer and winter. Then, 

the composite waves in summer and winter were considered; the weight of 

summer waves (rs) takes 1.0 at Iioka fishing port, linearly reduces 
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southwestward, and takes 0 at X = 20 km. The weight function (rw) in winter is 

set in the opposite way, as shown in Fig. 18. The composite waves were 

obtained on the basis of wave height and wave direction at any location 

multiplied by the weight functions of rw and rs, as shown in Fig. 18. 

The depth of closure hc was determined using Eq. (1) assuming that a 

linear relationship stands between hc and wave height H at a local point. 

 

hc = aH  (1) 

 

Here a is a constant. Because the depth of closure is approximately given 

as 10 m around Katagai fishing port owing to the bathymetries near the fishing 

port, and the energy-mean wave height in winter, which determines offshore 

beach changes, is Hmax = 2 m, constant a becomes 5.0. Figure 19 shows the 

distribution of hc. Although hc is equal to 10 m in almost the entire area, it 

decreases in the wave-shelter zone of Iioka fishing port. 

 

 

Figure 19. Planar distribution of depth of closure hc. 

 

Figure 20. Initial beach topography. 
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As the initial beach topography, the topography in 1983 was given, when 

the foot protection works against cliff erosion were completed and the Iioka 

fishing port breakwater was extended. Because the bathymetry in the entire 

north Kujukuri Beach was not measured in 1983, the bathymetry in 1983 was 

assumed on the basis of the shoreline configuration in 1983 given the mean 

beach slope of 1/60. In the reproduction calculation, the construction history of 

the coastal and port structures in 1990, 2000 and 2010 was considered, as 

shown in Fig. 21. Table 1 shows the calculation conditions. 

 

 

Figure 21. Construction history of coastal structures. 

Table 1. Calculation conditions 

 

Calculation method BG model (Serizawa et al., 2007) 

Study area North Kujukuri Beach 

Calculation cases Reproduction of beach topographies in 1990, 2000 and 

2010 

Initial topography Produced bathymetry on the basis of shoreline 

configuration in 1983 given the mean beach slope of 1/60 

Equilibrium slope 1/60 

Sea level Mean sea level 

Wave conditions Compound waves of summer waves with a breaker height 

Hb = 1.5 m and αb = 32° (N113° E) and winter waves 

with a breaker height Hb = 2.0 andαb = 63° (N79° E) 
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Table 1. (Continued) 

 

Depth of closure 

and berm height 

hc = 5.0H and hR = 3 m  

Boundary 

conditions 

1.0×104 m3/yr at left boundary and free boundary at right 

boundary 

Coefficients of sand 

transport 

Coefficient of longshore sand transport A = 0.5 

Ozasa and Brampton’s coefficient ς = 1.62 

Coefficient of cross-shore sand transport to longshore 

sand transport Kz/Kx =0.7 

Depth distribution 

of sand transport 

Qubic equation of depth as in Serizawa et al. (2007) 

Critical slope of 

falling sand 

1/2 on land, 1/3 under the sea surface 

Calculation domain 35 km length in longshore direction and 6 km in cross-

shore direction 

Mesh size ΔX = 100 m and ΔY =10 m 

Time intervals Δt = 1 hr 

Calculation method Explicit finite difference method 

 

 

Calculation Results 
 

The reproduced bathymetry in 1990 and the bathymetric changes with 

reference to that in 1983 are shown in Fig. 22(a) togerther with longshore sand 

transport at several points. By 1990, the seabed depth had increased in the 

zone shallower than -10 m in the area between X = 7 and 28 km, whereas sand 

was deposited on the Yokone coast west of Iioka fishing port and on the 

Motosuka coast near Katagai fishing port. By 2000, erosion and accretion 

were further intensified compared with those in 1990 (Fig. 22(b)). Although 

artificial headlands (HL) Nos. 1-10 had been constructed by 1990 as a measure 

against beach erosion, the decrease in seabed elevation still continued in the 

zone shallower than -10 m on the Asahi and Yoshizaki coasts. By 2010, 

erosion was further intensified and the erosion zone markedly expanded 

westward, resulting in the decrease in seabed elevation between the Asahi 

coast and the central part of the Kido coast (Fig. 22(c)). In contrast, sand 

accumulation still continued on the Motosuka coast east of Katagai fishing 

port. 
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Figure 22. Reproduced bathymetries in 1990, 2000 and 2010. 

On the Motosuka coast, the sand deposition zone expanded upcoast 

between 1990 and 2010, resulting in the monotonic increase in sand volume. 

The beach was eroded on the Hasunuma coast until 1990, but was accreted 

after 2000. This is because the Katagai fishing port breakwater was extended 

until 2000, and southwestward longshore sand transport was significantly 

obstructed by the breakwater. For example, southwestward longshore sand 

transport at a location of X = 31 km decreased from 7.8×104 m3/yr between 

1983 and 1990 to 6.0×104 m3/yr between 1990 and 2000 owing to the 

extension of the Katagai fishing port breakwater. However, in 2010, longshore 

sand transport at a location of X =31 km increased again to 7.4×104 m3/yr with 

an increase of 1.4×104 m3/yr relative to that in 2000. This is considered to be 
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due to the fact that sand was fully deposited in the area east of the Katagai 

fishing port breakwater and thus the ratio of obstructing southwestward 

longshore sand transport decreased.  

 

 

Figure 23. Measured and calculated shoreline configurations in 1990, 2000 and 2010. 
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Figure 23 shows the measured and predicted shoreline changes until 1990, 

2000 and 2010 with reference to the shoreline in 1983. The shoreline advances 

measured on the Yokone coast west of Iioka fishing port and on the Motosuka 

coast north of Katagai fishing port are in good agreement with the predicted 

shoreline changes along with the shoreline advance behind the detached 

breakwaters at the Yashigaura coast. The predicted shoreline recession in the 

area west of the Node coast is also in good agreement with the measured 

changes. 

 

 

DISCUSSION 
 

Northern Kujukuri Beach has developed over several thousand years 

under the condition that a large amount of sand is continuously supplied from 

the sea cliffs of Byobugaura. This premise was completely lost owing to the 

construction of the breakwater along the sea cliffs to protect the tableland 

behind the sea cliffs since the 1970s. In addition, the Iioka fishing port 

breakwater had been extended at the north end of Kujukuri Beach since 1974, 

and longshore sand transport, which should be supplied to Kujukuri Beach was 

obstructed by the breakwater. As a result, the northern beach became eroded. 

The south breakwater of Iioka fishing port had been extended up to a point 

of 1 km offshore of the original coastline by 1987, and therefore, a large wave-

shelter zone was formed on the west side of the fishing port against the 

predominant waves incident from the southeast, inducing longshore sand 

transport from the outside to the inside of the wave-shelter zone and the 

resultant sand deposition on the Iioka coast. 

In contrast to the sand deposition on the Iioka coast, the beach was eroded 

on the Asahi, Yoshizaki and Node coasts located south of the Iioka coast 

owing to the marked decrease in longshore sand supply from the upcoast, and 

the foreshore completely disappeared following the shoreline recession, 

exposing the seawall to waves. As a result of protecting the shoreline recession 

by using the seawall, beach erosion is severe further downcoast and the natural 

sandy beach is rapidly disappearing.  

Although various measures including the construction of artificial 

headlands had been carried out, it became difficult to control beach erosion. 

Because Kujukuri Beach is composed of fine sand with a grain size ranging 

between 0.1 and 0.2 mm, and the equilibrium slope of the fine sand is as gentle 

as 1/40, even though the artificial headland is extended, longshore sand 

transport easily turns around the tip of the headland and is transported 
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downcoast. Thus, the construction of artificial headlands is ineffective for 

controlling beach erosion. 

On northern Kujukuri Beach, the seawall was exposed to waves along the 

coastline of 9.1 km length until 2010, i.e.,, one-third of the entire length of the 

sandy beach. The area with the exposed seawall is still expanding 

southwestward. Furthermore, the gently sloping revetments already 

constructed were often damaged by subsidence, and at each time, recovery 

works to the original form were carried out to maintain the present coastline. 

Thus, Kujukuri Beach with its natural scenic beauty has been lost. 

Although the reconstruction of the damaged gently sloping revetment to 

recover the original shape has been carried out, the fundamental cause of the 

beach erosion cannot be eliminated by such works, and a chain reaction 

between the damage of the revetment and the recovery recurrently occurs with 

the downcoast expansion of the erosion zone. To solve the erosion problem 

fundamentally, increasing the sand supply is necessary. However, since the 

land behind the sea cliffs is also used extensively, it is impossible for the 

recession of Byobugaura to be permitted again. Also, it is difficult to cost-

efficiently procure a large amount of sand from other areas. Because the sand 

volume deposited upcoast of Iioka fishing port is not large, sand bypassing 

using deposited sand is not effective, and sandback pass using the deposited 

sand at Katagai fishing port has a limited effect on the recovery of the sandy 

beach because of the limited volume of sand. Thus, the natural environment of 

Kujukuri Beach has been rapidly lost and an artificial coast covered with the 

seawall and concrete blocks has been formed. 

The most fundamental cause of the beach erosion of northern Kujukuri 

Beach is the disruption of the continuous sand transport, which had continued 

for several thousand years, at the upcoast end of the littoral cell. When the 

continuous movement of longshore sand transport is disrupted, resulting in the 

downcoast erosion, measures using hard structures such as the seawall or 

detached breakwaters at the most severely eroded sites had been widely 

adopted in Japan. This allowed further downcoast erosion and the extension of 

the coastline protected by hard structures. In the example of northern Kujukuri 

Beach, the erosion zone has expanded downcoast at a rate of 270 m/yr. The 

setting back of the coastline as a measure against beach erosion is possible in 

principle. However, there is the coastal forest zone being subject to the Forest 

Law landward of the coastal protection zone under the jurisdiction of the Coast 

Law, and the management of activities by two independent authorities is 

normally difficult and time-consuming. In fact, such a measure is difficult to 

adopt.  
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CONCLUSION 
 

In the example of northern Kujukuri Beach, shore protection was carried 

out only in a narrow band along the coastline using hard structures. Moreover, 

fishing ports were also constructed independently of the shore protection 

works without the comprehensive management of continuous sand transport in 

a wide area of a littoral cell. When many people realized the gravity of the 

erosion problem, it was already too late to fundamentally solve the issue. 

Thus, we cannot foresee a successful solution to the beach erosion of northern 

Kujukuri Beach at present. The only acceptable way is to concentrate on 

preventing the expansion of the erosion zone further downcoast, even though 

the most severely eroded sites covered with concrete blocks are left as they 

are. 
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