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Synopsis 
 

The cross-shore variation of long-term average longshore current velocity was investigated on 
the basis of a 15-year data set of longshore current, wave and wind. The longshore current velocities 
were measured once a day along a 427-meter-long pier. The results show that the direction of the 
long-term average longshore current velocity away (> 200 m) from the shore was opposite to that 
near the shore. The southward current was dominant offshore, whereas the northward current was 
dominant near the shore. The cross-shore variation of the long-term average longshore current 
velocity was formed owing to a difference between the wave and wind conditions when the 
northward and southward currents developed. When the northward current developed, the deepwater 
wave height was relatively small and the frequency of the wind from the north was almost equal to 
that from the south. As a result, the northward current developed only near the shore and decayed 
outside the narrow surf zone. On the other hand, when the southward current developed, the 
deepwater wave height was relatively large and the wind from the north was predominant, which 
resulted in the southward current developing not only in the wide surf zone but also outside the surf 
zone. The superposition of the two cross-shore variations produced the cross-shore variation of the 
long-term average longshore current velocity with a northward velocity near the shore and a 
southward velocity away from the shore. 
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要  旨 

 

 茨城県波崎海岸において 15 年間にわたり１日１回ほぼ毎日取得した沿岸流速データを解析した．

卓越沿岸流の方向は岸と沖で異なっており，岸側では北向きの沿岸流が卓越したのに対して，沖側

では南向きの沿岸流が卓越した．この原因は，北向きの沿岸流が生じた場合には，波高が相対的に

小さく，北から及び南からの風が同じ頻度であったのに対して，南向きの沿岸流が生じた場合には，

波高が大きく，北からの風が卓越していたことにある．前者では，汀線近傍の狭い砕波帯内のみで

北向き沿岸流が発達するのに対して，後者では，砕波帯幅が広く，砕波帯外でも風による沿岸流が

発達するため岸沖方向に一様に近い南向き沿岸流が形成される．以上の流速分布が重なり，卓越沿

岸流の向きが岸と沖で異なった．  
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1. Introduction 

Longshore currents in the nearshore zone induced by 

obliquely incident waves and winds transport sediments 

alongshore, and longshore current velocities averaged for 

long-term periods cause long-term morphological changes. 

Hence, understanding the long-term average longshore 

current velocity is essential for sediment budget analysis and 

for effective coastal zone management. 

The cross-shore variation of the longshore current velocity 

has been investigated since the 1940s [Horikawa, 1978]. A 

number of measurements have been conducted in the field 

and in laboratories [e.g., Thornton and Guza, 1986; Visser, 

1984; Smith et al., 1993; Kuriyama and Ozaki, 1993; Reniers 

and Battjes, 1997; Garcez-Faria et al., 1998; Ruessink et al., 

2001;  Hamil ton and Ebersole ,  2001] ,  and many 

one-dimensional models have been developed [e.g., 

Longuet-Higgins, 1970a, b; Thornton and Guza, 1986; Larson 

and Kraus, 1991; Goda and Watanabe, 1991; Smith et al., 

1993; Church and Thornton ,  1993; Kuriyama and 

Nakatsukasa, 2000; Ruessink et al., 2001]. Studies on 

longshore current have been reviewed by Horikawa [1978] 

 

 
Figure 1  Locations of the study site and offshore wave 

gage. 

and Komar [1998]. Using one of the models, Ruessink et al. 

[2001] predicted temporal variations of longshore current 

velocities corresponding to the changes in waves, winds, tides 

and bathymetries for relatively short-term periods, one to two 

months, and showed that the predicted values agreed well 

with the measured values. 

The direction of the long-term average longshore current 

velocity near the shore can be detected from the long-term 

shoreline change around a coastal structure because the 

long-term average longshore current velocity induces 

accumulation on the updrift side of a coastal structure and 

erosion on the downdrift side [e.g., Komar, 1998]. However, 

because of the lack of field data and numerical simulation 

results of longshore current velocities away from the shore 

over long-term periods, the cross-shore variation of the 

long-term average longshore current velocity is poorly 

understood, although Sato [1996] suggested that the direction 

of the long-term average longshore current velocity offshore 

may be the opposite to that near the shore. 

The objective of this study was to investigate the 

cross-shore variation of the long-term average longshore 

current velocity on the basis of a 15-year data set of longshore 

current velocities measured in the nearshore zone on a 

dissipative beach. 

 

2. Field measurements 

Field measurements of longshore current velocity were 

conducted once a day from 1987 to 2001 at intervals of about 

50 m along a 427-meter-long pier of the Hazaki 

Oceanographical Research Station (HORS), located on the 

Hasaki Coast of Japan facing the Pacific Ocean (Figure 1). 

Nearshore current velocities 1 m below the water surface 

were measured with a spherical float having a diameter of 0.2 

m (Figure 2); the density of the float was slightly greater than 

that of seawater. The float was connected with an 

identification buoy by a 1-meter-long rope. The length of the 

rope was shortened as necessary when the mean water depth 

was small. 

The float attached to a 30-m-long line was released from 

the pier, and the time for full extension of the line was 

measured with a stopwatch (Figure 2). The current velocity 

was calculated from the time and the length of the line. The 

transport direction of the float due to the nearshore current 
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Figure 2  Float for the measurement of longshore current 

velocity. 
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Figure 3  Relationship between the longshore current 

velocities measured with the electro-magnetic current meter U 

and those with the float UFLOAT. The open triangles represent 

the data obtained when the absolute value of the wind 

velocity exceeded 8 m/s. 

 

was observed with a protractor. At each measurement point, 

currents were measured three times and the averaged value 

was used for the analysis. It took about 60 minutes to measure 

the nearshore currents along the pier. 

The validity of this measurement method was confirmed 

with longshore current velocities 1 m below the water surface 

simultaneously measured with the present method and an 

electromagnetic current meter [Kuriyama and Ozaki, 1993; 

Kuriyama, 1995]. The relationship between the time-averaged 

longshore current velocities measured with the float UFLOAT 

and those measured with the current meter U (Figure 3) 

showed a very strong correlation between them, with only a 

small influence of the wind. The correlation coefficient r was 
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Figure 4  Standard deviations in elevation (a) and the mean 

beach profiles (b) based on the daily profile measurements 

along the HORS pier (thick lines) and yearly bathymetry 

surveys around HORS (thin lines) (Kuriyama, 2002). The 

elevation is based on the Hasaki datum level. 

 

0.97, and the standard deviation was 0.086 m/s. The 

relationship between them was expressed as 

 

              .81.0 FLOATUU =            (1) 

 

In the following analysis, the values of U are used. 

The measurement points were located where the seaward 

distance was 115, 145, 190, 245, 280, 330 and 380 m. Each 

position along the pier is referred to as the seaward distance 

relative to the reference point, located close to the entrance of 

the pier and designated as “P.” For example, P115m denotes a 

position 115 m seaward from the reference point. 

Because the locations of the measurement points during the 

period from January 1987 to June 1988 were different from 

those mentioned above, the longshore current velocities at the 

normal measurement points during the period were 

interpolated with the values measured at different locations by 

using a third order spline function. 

The averaged beach profiles show that the beach slope 

during the measurement period decreased gradually in the 

offshore direction (Figure 4). It was about 1/40 near the 

shoreline, about 1/100 at P300m and about 1/120 seaward of 

the tip of the pier. In the region between P200m and P400m, 

longshore bars emerged, migrated seaward and decayed. 
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Figure 5  The coordinate system at HORS. 

 

Although local scours were observed in trough regions and 

the discontinuity of the averaged beach profile at P400m was 

probably caused by these local scours, the locations and 

elevations of bar crests and the locations of toughs were 

almost uniform alongshore [Kuriyama, 2002]. 

Besides the longshore current velocities, the wave angle 

was visually observed at the tip of the pier. At P380m and 

P145m, waves were measured with ultrasonic wave gages at a 

sampling interval of 0.3 s for 20 minutes every hour. Wind 

angle and velocity were measured at the tip of the pier for 10 

minutes every hour. Deepwater waves were measured at a 

water depth of about 24 m with an ultrasonic wave gage for 

20 minutes every 2 hours (Figure 1).  The wave heights and 

periods during the period of 25 days from February 7 to 

March 3, 1993, for which data were missing, were estimated 

using the method of Hashimoto et al. [2000]. 

The positive direction for the longshore current velocity 

was defined as being southward (Figure 5). The wave and 

wind angles were defined relative to the shoreward direction 

and were positive in the counterclockwise one. 

The seasonal change of the deepwater wave height was 

large from January to March and from September to October, 

but small from June to August (Figure 6 (a)).  On the other 

hand, the wave period was almost constant at 8 s (b). Waves 

mainly came from the north in December to February, and 

from the south in May to August (c). Strong winds came from 

the north in October to February, whereas weak winds came 

from the south in May to August (d). Compared with the 

seasonal changes, yearly changes were relatively small 

(Figure 7). 
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Figure 6  Monthly average offshore wave height and period, 

wave angle visually observed at the tip of the HORS pier, and 

wind velocity and angle. 
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Figure 7  Yearly average offshore wave height and period, 

wave angle visually observed at the tip of the HORS pier, and 

wind velocity and angle. 

 

3. Results 

3.1 Cross-shore variation of long-term average longshore 

current velocity 
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Figure 8  Time-series of longshore current velocities 

measured at P115m and P380m. 

 

The time series of the measured longshore current 

velocities are shown in Figure 8.  Figure 9 shows those of 

the cumulative longshore current velocities Ucuml, which are 

expressed as Eq. (2), and the cross-shore variation of the 

cumulative longshore current velocity at the end of the 

measurement period, which is proportional to the longshore 

current velocity averaged in the long term, 15 years. 

 

                 Uculm = ∑UΔt,          (2) 

 

where Δt is the time interval.  

Figure 9 demonstrates that the direction of the long-term 

average longshore current velocity varies in the measurement 

area; it was northward shoreward of P150m, but southward 

seaward of P200m. 

Because the cross-shore variation shown in Figure 9 is 

formed by the difference between the cross-shore variations 

of the northward and southward longshore current velocities, 

the cumulative longshore current velocities and the 

time-averaged longshore current velocities when the velocity 

direction at P115m was northward and southward were 

estimated; the frequencies of the northward and southward 

longshore currents at P115m were 2,924 and 2,549, 

respectively. When the northward current developed at P115m, 

the absolute value of the time-averaged longshore current 

velocity decreased seaward (Figure 10). On the other hand, 

when the southward current developed, although the absolute 

value of the velocity also decreased seaward, the amount of 

the decrease was smaller than that with the northward current. 

The frequency of the northward current was larger than that of 

the southward current, and as a result, the northward 
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Figure 9  (a) Time-series of cumulative longshore current velocities Ucuml at P115m, P190m, P285m and P380m. (b) Cross-shore 

variation of cumulative longshore current velocity Ucuml at the end of the measurements and the long-term average longshore current 

velocity U . 
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Figure 10  Cross-shore distributions of the absolute values of the longshore current velocities when the longshore current direction at 

P115m was northward (solid line) and southward (broken line). (a) Cumulative longshore current velocity at the end of the 

measurement period, and (b) long-term average longshore current velocity. 

 

longshore current was predominant near the shore, whereas 

the southward current was predominant away from the shore 

(Figure 9). 

 

3.2 Cross-shore gradient of radiation stress and wind 

stress 

The longshore current in the nearshore zone is generated 

mainly by waves and winds. In order to investigate the causes 

of the cross-shore variation of the long-term average 

longshore current velocity, the contributions of the waves and 

winds to the long-term average longshore current velocity 

were estimated on the basis of a momentum balance equation 

for longshore current velocity. 

The momentum balance equation usually includes the 

cross-shore gradient of radiation stress, wind stress and lateral 

mixing term. However, because the influence of the lateral 

mixing term on the longshore current velocity under irregular 

waves is small [Thornton and Guza, 1986; Goda and 

Watanabe, 1991], the momentum balance equation without 

the lateral mixing term (Eq. (3)) was used. 

 

      τb-dSyx/dy-τs = 0,         (3) 

 

where τb is the bottom friction stress, Syx is the radiation stress，

y is the seaward distance, and τs is the wind stress.  
 

Although estimation of the radiation stress requires 

accurate measurement of wave angle, these angles were not 

accurately measured. Hence, the gradient of the radiation 

stress was estimated from the bottom friction stress and the 

wind stress with Eq. (3). 

The bottom friction stress was estimated with a nonlinear 

formula [Nishimura, 1988] expressed as 

 

[ ],)/2sinh(/,/2

,22

LhTHw

UwUC

mmb

bwfb

ππνπν

ρτ

==

+=
   (4) 

 

where Cf is a nondimensional coefficient, ρw is the sea water 

density, vm is the amplitude of the orbital velocity at the 

bottom. The formula has been used by Larson and Kraus 

[1991] and Kuriyama and Nakatsukasa [2000]. The wave 

angle, included in the original formula of Nishimura [1988], 

was assumed to be zero owing to the lack of accurate wave 

angle data. The significant wave heights H1/3 were used as the 

wave height for the estimation of vm, and H1/3 values along the 

pier were estimated from the deepwater wave heights and 

periods using a 1-D wave transformation model for irregular 

waves evaluated with field data obtained at the study site 

[Kuriyama and Nakatsukasa, 2000]. Wave refraction was not 

considered in the estimation. The beach profiles measured 

daily were used for the profile shoreward of P385m, while the 
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Figure 11  Comparisons between the measured and 

predicted H1/3 at P380m (a) and P145m (b). 

 

averaged beach profile was used for that seaward of P445m. 

The beach profiles between P385m and P445m were linearly 

interpolated with the elevations at P385m and P445m. The 

grid interval was 10 m, and the seaward boundary was set at 

P925m, where the elevation of the beach profile is -8.28 m 

and waves seldom break. 

The model was verified with significant wave heights 

measured at P380m and P145m (Figure 11). The model 

values agreed with the measured ones although the model 

slightly overestimated the wave height at P145m. The overall 

root-mean-square error ε defined as Eq. (5) is 30%. 

 

∑∑ −= 2
.

2
.. )( mespredmes HHHε        (5) 

 

where Hmes. and Hpred. are the significant wave heights 

measured and predicted, respectively. 

 The coefficient of the bottom friction stress was set at 

0.005 as in Kuriyama and Nakatsukasa [2000]. The value of 

0.005 is close to the value obtained for the coefficient of 
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Figure 12  Relationship between τb and ρaW2sinαw. The 

solid line is the regression line obtained with the method of 

the least squares. 

 

another nonlinear formula of the bottom friction stress 

proposed by Thornton and Guza [1986], which is 

0007.0006.0 ± ; the formula in Thornton and Guza [1986] 

becomes Eq.(4) when the wave angle is equal to zero. 

The wind stress was estimated using  

 

τs = CdρaW2sinαw,               (6) 

 

where Cd is a nondimensional coefficient, ρa is the air density, 

W is the wind velocity and αw is the wind angle. The 

coefficient Cd was estimated with τb = τs, which is the 

momentum balance equation when the wave height is small 

and the cross-shore gradient of the radiation stress is assumed 

to be negligible. The data at P380m obtained when the 

deepwater wave height was smaller than 1.0 m and the 

absolute value of the alongshore component of the wind 

velocity was larger than 5.0 m were used for the estimation of 

Cd. The coefficient Cd estimated with the least square method 

is 0.0022 (r = 0.60, Figure 12), which is within the range of 

the previously obtained Cd, from 0.001 to 0.0025 [Geernaert 

et al., 1986]. 

The cross-shore gradients of the radiation stresses at the 

measurement points were estimated from dSyx/dy = τb-τs. 

Errors of dSyx/dy were estimated on the basis of the 

root-mean-square error of the wave height, 30%. 

The averaged values of the cross-shore gradient of the 

radiation stress and the averaged wind stress are almost 
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Figure 13  Averaged values of τs (black) and dSyx/dy (white). 

The horizontal lines show the error ranges. 

 

comparable (Figure 13). The result that the contribution of 

the wind on the longshore current velocity is not negligible 

even in the nearshore zone is consistent with previous studies 

[Larson and Kraus, 1991; Whitford and Thornton, 1993]. 

Because the cross-shore gradient of the radiation stress and 

the wind stress have comparable contributions on the 

long-term average longshore current velocity, the causes of 

the cross-shore variation of long-term average longshore 

current velocity were investigated using the wave and wind 

data. 

 

3.3 Causes of cross-shore variation of long-term average 

longshore current 

The frequency distributions of the deepwater significant 

wave height when the northward and southward longshore 

currents developed at P115m show that the deepwater wave 

height with the northward current is smaller than that with the 

southward current (Figure 14). As for wind, the frequency of 

the wind from the north is almost equal to that from the south 

when the northward current developed, whereas the frequency 

of the wind from the north is much larger than that from the 

south when the southward current developed (Figure 15). 

When the northward longshore current developed near the 

shore, the waves broke near the shore, and the width of the 

surf zone, where the longshore current developed, was narrow 

because the deepwater wave height was relatively small. 

Since the frequency of the wind from the north was almost 

equal to that from the south, the longshore current velocity 

averaged during the measurement period outside the surf 
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Figure 14  Frequency distribution of deepwater significant 

wave height when the longshore current direction at P115m 

was northward (a) and southward (b). 
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Figure 15  Frequency distribution of wind direction when 

the longshore current direction at P115m was northward (a) 

and southward (b). The wind direction from the north is 

defined as being positive. 

 

zone, where the longshore current is mainly caused by wind, 

became close to zero. As a result, the northward longshore 

current developed near the shore, but decreased to zero 

outside the relatively narrow surf zone. 

On the other hand, when the southward longshore current 

developed near the shore, the waves broke far from the shore 

and the surf zone was wider because the deepwater wave 

height was relatively large. Furthermore, the southward 

longshore current developed even outside the surf zone 

because the wind from the north was predominant. As a result, 

a southward longshore current velocity with relatively 
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uniform cross-shore variation developed. 

The properties of the two cross-shore variations are 

consistent with those shown in Figure 10. The superposition 

of the two variations produced a cross-shore variation of 

long-term average longshore current velocity with northward 

velocity near the shore and southward velocity far from the 

shore. 

 

4. Discussion 

The long-term average longshore current velocities shown 

in Figure 9 contain errors caused by the measurement method 

with the float and discrete measurement periods and points. 

The error caused by the float measurement is estimated 

from the difference between the longshore current velocity 

measured with the float and that with the electro-magnetic 

current meter, which is assumed to be the true current velocity. 

Because the standard deviation of the difference σ is 0.086 

m/s as mentioned in 2., the error caused by the float 

measurement, which is estimated with the standard deviation 

σ and the total data number n, 5473, as n/σ , is 0.0012 

m/s. 
The time interval of the measurement, one day, may cause 

another error in the long-term average longshore current 

velocity because the longshore current velocity varies 

according to the tide as shown in Thornton and Kim [1993]. 

We investigated the influence of the tide on the longshore 

current velocity at Hasaki using a 1-D model for longshore 

current velocity under irregular waves [Kuriyama and 

Nakatsukasa, 2000]. The validity of the model was confirmed 

with longshore current velocities measured at Hasaki and 

other coasts [Kuriyama and Nakatsukasa, 2000]. 

The longshore current velocities under the high, mean and 

low tides were estimated with the mean deepwater wave 

height and period (1.34 m and 7.97 s) and the mean beach 

profile in the measurement period (Figure 4). The seaward 

boundary was set at P925m as in 3.2, and the deepwater wave 

angle was set to be 13.1 degrees, which is based on the 

average of the absolute value of the wave angle visually 

observed at the tip of the pier. 

The estimated longshore current velocities are shown in 

Figure 16. The current velocities shoreward of P200m are 

comparable to or larger than the long-term average longshore 

current velocities when the northward and southward currents 

developed at P115m (Figure 10). This result suggests that the 
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Figure 16  (a) Longshore current velocities estimated with 

mean wave height, period and direction under the high (thin 

solid line), mean (thick solid line) and low tides (broken line), 

and (b) mean beach profile. 

 

longshore current velocities shoreward of P200m estimated 

with the mean wave height, period and direction are 

appropriate for estimation of the error due to tide in the 

long-term average longshore current velocity. 

The differences between the estimated longshore current 

velocities at the high and mean tides ΔU1, and those between 

the velocities at the low and mean tides ΔU2 were estimated, 

and the maximum value of ( ) 2/21 UU Δ+Δ  along the 

pier was taken as the error due to tide in a measurement, 

which is the difference between the longshore current 

velocities measured once a day and averaged over a day. The 

maximum value is 0.16 m/s, which takes place at P155m, and 

on the basis of the value, the error caused by tide in the 

long-term average longshore current velocity is estimated to 

be 0.0022 m/s ( 5473/16.0= ). 
The vertical variations of the longshore current velocities 

were not measured in the present study, leading to another 

source of error. The influence of the vertical variation on the 

long-term average longshore current velocity was investigated 

in the following manner. First, the logarithmic vertical 

variation was assumed as shown by Eq. (7).  
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where u(z) is the longshore current velocity at z, z is positive 

upward from the bottom, u* is the alongshore shear stress 

velocity, κ is the Von Karman constant (0.4), and za is the 
apparent roughness height. With Eq. (7) and the long-term 

average longshore current velocities, which were estimated on 

the basis of the data obtained 1 m below the surface, the 

vertically averaged values of the long-term average longshore 

current velocities were estimated. In the estimation, the 

roughness height was set at 5.0 cm, which is close to the 

maximum value of za shown in Garcez-Faria et al. [1998], 

and the mean tide and the mean beach profile were used. 

The long-term average longshore current velocities and the 

values vertically averaged with Eq. (7) are shown in Figure 

17 as well as the sum of the errors caused by the float 

measurement and tide, 0.0034 m/s.   

The overall errors, which are caused by the float 

measurement, tide and the vertical current profile, are 

relatively small compared with the long-term average 

longshore current velocities. Furthermore, the direction of the 

long-term average longshore current velocity near the shore is 

consistent with the direction of the predominant longshore 

sediment transport estimated on the basis of the shoreline 

changes [Sato and Tanaka, 1966]. These results confirm the 

conclusion that the long-term average longshore current 

velocity is to the north near the shore, but to the south away 

from the shore. 

 Kraus and Sasaki [1979] showed that the cross-shore 

variation of the longshore current velocity with a large 

incident wave angle has a peak velocity closer to the shore 

and smaller velocities outside the surf zone than that with a 

small wave angle. Although we do not have accurate data for 

wave angle as mentioned in 3.3, the absolute value of the 

averaged wave angle visually observed at the tip of the pier 

when the southward longshore currents developed at P115m 

is 8.6 degrees and slightly larger than that with the northward 

currents, 6.1 degrees. The difference in the wave angle 

produces a difference in the longshore current velocity such 

that the cross-shore variation of the southward longshore 

current has a peak closer to the shore and lesser velocity 

outside the surf zone than that of the northward current. The 

difference is contrary to that obtained from the field data as 
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Figure 17  Cross-shore variations of the long-term average 

longshore current velocities U (solid line) and vertically 

averaged values with Eq. (7) Uv (broken line). The error bars 

(horizontal thin lines) show the ranges of )( 21 εε +±aU , 

where Ua=(U+Uv)/2, ε1=(U- Uv)/2 and ε2 is the error caused 

by the float measurement and tide, 0.0034 m/s. 
 

shown in Figure 10. Hence, it is unlikely that the difference 

in the wave angle when the southward and northward 

longshore currents developed has a strong influence on the 

cross-shore variation of the long-term average longshore 

current velocity. 

There is another possibility that the seasonal variation of 

the beach profile has an influence on the long-term average 

longshore current velocity, and hence the influence was 

numerically investigated using the 1-D model for longshore 

current velocity [Kuriyama and Nakatsukasa, 2000] with the 

averaged deepwater wave dimensions and the mean beach 

profiles in summer and winter seasons. Here, the summer and 

winter seasons were determined on the basis of the seasonal 

variation of the wave angle (Figure 6) and the summer season 

was set as being from April to September, when waves came 

from the south, and the winter season from October to March, 

when waves came from the north. 

The difference of the cross-shore variations of the 

estimated longshore current velocities is small as shown in 

Figure 18. Furthermore, the variation in the winter season, 

when the southward current is predominant, has a peak 
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Figure 18  Longshore current velocities estimated with 

mean wave height, period and direction in summer (solid line) 

and winter (broken line) seasons (a), and the mean beach 

profiles in summer (solid line) and winter (broken line) 

seasons (b). 

 

velocity slightly closer to the shore than that in the summer 

season, when the northward current is predominant. This is 

contrary to the measurement findings. Hence, the influence of 

the seasonal beach profile change on the long-term average 

longshore current velocity is assumed to be small. 

The possibility that the direction of the predominant 

longshore sediment transport near the shore differs from that 

far from the shore is suggested by a previous study on 

morphological changes around a port [Sato, 1996]. The 

conclusions of this study demonstrate that cross-shore 

variation of the long-term average longshore current velocity 

in opposite directions near and away from the shore is likely 

to occur under the conditions where the wave height and the 

wind angle when waves come from one side are different 

from those when waves come from the other side. The 

conclusions suggest that even in the nearshore zone, the 

direction of net longshore sediment transport far from the 

shore may be the opposite to that near the shore. If so on an 

eroded beach on the downdrift side of a coastal structure, a 

strong candidate for the borrow site is the offshore, where 

accretion is expected to take place owing to the net longshore 

sediment transport opposite to that near the shore. 

Although this study investigated the long-term average 

longshore current velocity, there were temporal variations in 

the longshore current velocity as shown in Figure 9. The 

cumulative longshore current velocity shifted to the north 

from 1994 to 2000 in particular near the shore, which 

indicates that the northward current velocity was larger during 

the period than during the other periods. The variations will 

be investigated in future studies. 

 

5. Conclusions 

Longshore Longshore current velocities were measured 

once a day at intervals of about 50 m along the 

427-meter-long pier during a 15-year period from 1987 to 

2001. The results show that the direction of the long-term 

average longshore current velocity away (> 200 m) from the 

shore was the opposite to that near the shore; the southward 

current was dominant offshore, whereas the northward current 

was near the shore. 

The cross-shore variation of the long-term average 

longshore current velocity was formed owing to the difference 

between the wave and wind conditions when the northward 

and southward longshore currents developed. When the 

northward current developed, the deepwater wave height was 

relatively small and the frequency of the wind from the north 

was almost equal to that from the south. Consequently, the 

northward current developed only near the shore, in the 

narrow surf zone; outside the surf zone, the northward current 

velocity decreased to zero. On the other hand, when the 

southward current developed, the deepwater wave height was 

relatively large and the wind from the north was predominant. 

Hence, the southward longshore current developed not only in 

the wide surf zone but also outside the surf zone, and the 

cross-shore variation of the longshore current velocity became 

relatively uniform. The superposition of the two cross-shore 

variations produced the cross-shore variation of the long-term 

average longshore current velocity with a northward velocity 

near the shore and a southward velocity far from the shore. 

The conclusions suggest that the direction of net longshore 

sediment transport offshore may be the opposite to that near 

the shore. 

 (Received on August 4, 2006) 
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