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Prediction of Cross-Shore Distribution of Longshore Sediment Transport Rate

in and outside the Surf Zone

Yoshiaki KURIYAMA?*

Synopsis

A one-dimensional model for predicting the cross-shore distribution of longshore sediment
transport rate was developed. The model predicts the suspended longshore sediment transport rate
due to wave breaking and bed transport rate due to longshore current velocity and velocity skewness
and atiltness. The model validity was examined for transport rates due to steady flows, total
longshore sediment transport rates and the cross-shore distribution of suspended longshore sediment
transport rate. The model was confirmed to reproduce the longshore sediment transport rate in the
field reasonably well within a factor 2 and almost completely within a factor 4. Using the developed
model, longshore sediment transport rate at the Hasaki coast in Japan, where the predominant
longshore current is northward near the shore and southward away from the shore, was estimated at
2-hour intervals for 15 years from 1987 to 2001. The estimated average longshore sediment transport
rate is relatively small near the shore and the predominant northward sediment transport is not seen
as opposed to the average longshore current velocity. Away from the shore, the average longshore
sediment transport is southward and has two peaks whereas the average longshore current velocity

has one. The difference is probably caused by a trough.
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Prediction of Cross-Shore Distribution of Longshore Sediment Transport Rate in and outside the Surf Zone

1. Introduction

The predominant longshore sediment transport rates, which
are the transport rates averaged over long-term periods, cause
long-term morphological changes, and hence understanding
the predominant longshore sediment transport is essential for
sediment budget analyses and effective coastal zone
management.

The direction of the predominant longshore sediment
transport near the shore can be detected from long-term
shoreline changes around coastal structures using aerial
photographs or morphological data because the predominant
longshore sediment transport induces accumulation on the
updrift side of a coastal structure and erosion on the downdrift
side. However, because of the lack of field data and numerical
simulations of longshore sediment transport rate away from
the shore over long-term periods, the cross-shore variation of
the long-term average longshore sediment transport rate is
poorly understood although Sato (1996) suggested on the
basis of longshore current field data that on the Kanazawa
coast of Japan, the direction of the long-term average
longshore sediment transport offshore may be opposite that
near the shore.

Several models have been proposed for predicting
cross-shore variations of longshore sediment transport rate
(e.g., Bailard, 1981; van Rijn, 1984a, b; Watanabe, 1992), and
have been validated by laboratory and field analyses (e.g.,
Bayram et al., 2001; van Maanen et al., 2009). However,
these models have not explicitly included sediment
suspension due to wave breaking. Although Katayama and
Goda (1999) modeled the wave-breaking induced sediment
suspension, its prediction is zero outside the surf zone, where
sediments still move owing to waves and currents. Kobayashi
et al. (2007) developed a model to simulate both suspended
load caused by wave breaking and bed load outside the surf
zone. However, the validity of their model was not examined
against field data.

An objective of this study was to develop a process-based
distribution of

the

one-dimensional model of cross-shore

longshore sediment transport rate by modifying
cross-shore sediment transport rate formula proposed by
Kuriyama (2010b), which includes suspended and bed loads
and of which the validity was confirmed with field beach
profile data. The validity of the model of longshore sediment

transport rate was investigated using sediment transport rates

measured in the field and those estimated by formulae
verified by a wide range of field and laboratory data.

The other objective was to investigate the cross-shore
variation of long-term average longshore sediment transport
rate in the field using the developed model. For this purpose,
longshore sediment transport rate was simulated for 15 years
at the Hasaki coast of Japan, where the direction of long-term
average longshore current velocity varies in the cross-shore

direction (Kuriyama et al., 2008).

2. Numerical model

The one-dimensional numerical model for the cross-shore
distribution of longshore sediment transport rate is composed
of four sub-models for wave and surface roller transformation,
longshore current velocity, velocity skewness and atiltness,
and beach profile change. The sub-models for wave and
surface roller transformation and longshore current velocity
are based on Kuriyama (2010a) and that for velocity skewness

and atiltness is based on Kuriyama (2010b).

2.1 Wave and surface roller transformation

The wave and surface roller transformation sub-model
estimates the cross-shore variation of the root-mean-square
wave height H,,,, which is used in estimating longshore
current velocities and sediment transport rates in the
following sub-models, assuming a Rayleigh distribution as
the wave height probability density function over an entire
computational domain, following Thornton and Guza (1983).
The energy of waves with heights larger than the breaking
wave height is dissipated.

The breaking wave height is estimated with Equation (1)
proposed by Seyama and Kimura (1988).

i:Cbr[o.mL—O 1—exp —0.87Zh—b(1 +15tan?/3 ﬂ)
hy hy Lo

—0.96tan S +0.2]

(1
where H, is the breaking wave height, /4, is the breaking water
depth, Cj, is a nondimensional coefficient, L, is the offshore
wavelength and tanf is the beach slope. The nondimensional
coefficient C,. was introduced by Kuriyama (1996) to fit
Equation (1), which is based on experimental data, to field
data. The beach slope is defined to be positive for water depth

increasing seaward and estimated as the average slope in a
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30-meter-long region of which the definition point is located
at the center.

Wave energy dissipation is estimated using the periodic
bore model proposed by Thornton and Guza (1983) and 20

representative wave heights raging from Hj, to 3H,,.

0”EWCg cosf

- = J,‘fb P(H)B(H)dH

3 (@)
I 1 (ByH)

B(H)=—
D=y,

where E,, is the wave energy, C, is the group velocity, & is the
wave direction, x is the seaward distance, P(H) is the
probability density of the wave height, p is the seawater
density, g is the gravitational acceleration, 7 is the wave
period, H is the wave height, and /% is the water depth. A
nondimensional parameter B, was formulated as in Equation
(3) of Kuriyama and Ozaki (1996) using Seyama and

Kimura’s (1988) experimental data.
By, =Cp {1.6—0.121n(H0 /L0)+0.281n(tan,8)} 3)

where H, is the offshore wave height and Cp is a
nondimensional coefficient.

The calculation uses the peak wave period as the wave
period, following Grasmeijer and Ruessink (2003). The
significant wave height H; is estimated as Hy;3 = 1.416 H, .

The development and decay of surface roller in the surf
zone is estimated on the basis of the energy balance as in
Kuriyama (2010a), who assumes that the vertical distribution
of the cross-shore velocity in a surface roller is triangular with
the celerity C at the top of the roller and zero at the bottom, as
described by Kuriyama and Nakatsukasa (2000).

I(EyCg cost)  A(F, cosd 1 A
wag N (racos ):Dr’ FrigPC3—r
X X
- C))
'y Ar
D, =B, =~
c? n?

where F, is the surface roller energy flux, D, is the energy
dissipation rate of surface roller, 4, is the area of a surface
roller, C is the celerity and B, is a nondimensional coefficient,

which was set to be 0.096 according to Kuriyama (2010a).

2.2 Longshore current velocity
The vertically averaged longshore current velocity V is
estimated from Equation (5), which represents the momentum

balance among the gradient of the radiation stress R,, the

wind stress W,, the gradient of the momentum flux due to a
surface roller M,, and the lateral mixing term L, and the
bottom friction F,.

Ry -Wy+My-Ly+Fy=0 )
The gradient of the radiation stress term R, is estimated

using small-amplitude wave theory.

1 (oS Co 1 6
= aad , Syxng—g—H,gmscosgsinﬁ ©
phl ox C 8
The wind stress W, is assumed to be
1 2.
Wy :—Cdpan sin &y, @)
ph

where C, is a nondimensional coefficient (= 0.0022;
Kuriyama et al., 2008), p, is the air density, W, is the wind

velocity, and ¢, is the wind direction.
The gradient of the momentum flux due to a surface roller
M, is expressed as
1 M,

M, =—
x ph Ox

4, ,
——cosfsind
L

1 2
) My = @®)

The lateral mixing term L, is assumed, as in the study of
Ruessink et al. (2001), with a dimensional coefficient N,

which was set to be 0.5 m%/s (Kuriyama, 2010a).
©)

The bottom friction F\, proposed by Nishimura (1988), is

used in the model.

“r ng 2
(W +—=sin“ @)V
w

e

. \/V2 £ Wi + 2wy sin0 +\/V2 +wj 2wy sin0

2
vy TH s
w, = LV, =
b T " . 27h
T sinh(—)
L

(10)
where Cr is a nondimensional coefficient and uy,,,, is the
amplitude of orbital

Garcez-Faria et al. (1998) and Ruessink et al. (2001), the

near-bottom velocity. Following

friction coefficient Cyis assumed to be a function of the water
depth as expressed by Equation (11) with the apparent bed

roughness k,, which was set to be 0.1 m as in Kuriyama

(2010a).
1/3
C, =0.015 ka 1n
S h
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The longshore current velocity 1 m below the water surface,
which will be used in the following calibration, is estimated

as

v
L in
K z4

VZ

12)
where V«is the shear velocity, x is the von Karman constant
(= 0.4), z is the height from the bottom and z, is the apparent

roughness height, which was assumed to be £,/30.

2.3 Velocity skewness and atiltness

Parameters representing the velocity and acceleration
asymmetries are considered in the longshore sediment
transport rate sub-model mentioned later but are not directly
estimated by the wave and surface roller transformation

sub-model given above. These parameters are velocity
skewness («/ B )u, defined by Equation (13), and velocity

atiltness (/%),, proposed by Goda (1985) and defined by
Equation (14).

(), == s s =~ 3 ;@) (13)
Urms i=l
LS, —ap
—_— a.—a
_N-1=21 ! e
), - s CUTTA T g
N-1
oo =5 & =

where u is the fluid velocity, a is the acceleration and N is the
data number. The overbar denotes the average value.

The parameters are expressed as Equations (15) and (16)
using /73, which is a wave nonlinearity parameter proposed
by Goda (1983) and defined by Equation (17), on the basis of
findings of wave nonlinearity by Goda (1983), Kuriyama
(1991), Doering and Bowen (1995) and Kuriyama (2010b).

(\/E)u = 08611 5.
(\/F1 )u = [0.54 +0.90 1og(3T”Hl /3)}

4

H1/3<0'15

cos [— 90 + 90 tanh(0.73
1/3

VA
)—} 015 <11 5

(15)

(8). {—(x67——05610g10g¢%;I1”3)}

16
LA 1o
3a01,,," 180

27h
coth3 m
Lys3

cos{— 90 + 90 tanh(0.73

WVE

I, , =
1/3
L3

amn

where Ly is the wavelength corresponding to the significant

wave period.

2.4 Longshore sediment transport rate

Similar to the cross-shore sediment transport rate formula
proposed by Kuriyama (2010b), the longshore sediment
transport rate is assumed to consist of three contributions due
to sediment suspension induced by wave breaking Q,
near-bottom velocity Q,, and near-bottom acceleration Q.
The values of Q;,, and 0O, ,are considered to represent the bed
load.

The amount of suspended sediment is assumed to be
proportional to the surface roller energy dissipation rate as in

Kobayashi et al. (2008), and Q; is expressed as

Dy

Os = pels—w

(18)
where ¢ is a nondimensional coefficient (= 1.147 x 1073,
Kuriyama, 2010b), s is the sediment specific gravity and wyis
the sediment fall velocity.

The value of O, is assumed following Bailard (1981) as

Qb,v = a2 [(\/F])u uz’rms sin@ +

2
Up rms

3 (19)

V(sin2 0+0.5)+V°]

where o, is a coefficient (= 7.651 x 10* s%m; Kuriyama,
2010b).

The value of Q,, is expressed by Equation (20) as in the
study of Hoefel and Elgar (2003).

Oha = = ((By)u @pms — a0 [(B),|1(Bs), Jsin 6,
|(183 )u ab,rms > acr
Qb,a |(ﬁ3 ). ab,rms| <a,

where o is a coefficient (= 9.960 x 10° ms; Kuriyama,

(20)

0,

2010b), a, s is the amplitude of near-bottom acceleration and

a,, is a threshold value (= 0.2 m/s%).
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3. Validation of the model

Model validity was examined using transport rates due to
steady flows estimated by Ribbelink’s formula (1998), total
longshore sediment transport rates estimated by Bayram et
al.’s formula (2007) and the cross-shore distribution of
suspended longshore sediment transport rate from field

measurements by Miller (1998).

3.1 Transport rate due to steady flow

The validity of Equation (19) for bed load induced by
near-bottom velocity was examined using Ribberink’s
formula (1998) for sediment transport rate due to steady flow;
this formula was developed from laboratory and field data
under a wide range of Shields numbers ranging from 0.01 to

10.

O =104y(s ~ Dgddy (¥ - )07

“p

Y=—=2
(ps = p)gds

T, = pg—F>
b 2

C'= 1810g(%), kg = max{3d90,d50[1 +6(‘P—l)]} @1

—0.64

Y, =0.14D; %%, 4 <Dy< 10

1/3
Dy = dso(v%(sl)J

where QO is the sediment transport rate estimated by
Ribbelink’s formula (Equation (21)), ds is the median
sediment diameter, dy, is the sediment diameter at which 90%
of the sediment is finer and vis the kinematic viscosity.
Although Ribberink (1998) used both dsy and dy, a single
diameter of 0.2 mm was assumed in this study.

The model was validated with flow velocities ranging from
0.2 to 2.0 m/s at 0.2-m/s intervals and water depths from 0.5
to 7.0 m at 0.5-m intervals. Figure 1 represents the transport
rates estimated by the present model Q,, and by Ribbelink’s
model Q. Table 1 gives the root-mean-square deviation ;.
defined by Equation (22) and the mean discrepancy ratios,
defined as 100 minus the percentages of model estimations
lying between 1/2 and 2 times QO and between 1/4 and 4
times O (Bayram et al., 2007).

Z(10g10 9, ~logyg QR>2
M-1

Orms =

(22)

where M is the number of data.

0,001

» ]

£ ]

‘:E/ -

&

¢ 0.0001 —

© .

b ]

= ]

o |

7]

C

5 i

‘é 1E'005 T \\\HH‘ 1 \\\HH‘ T \\\HH‘ 1
% 1E-006 1E-005 0.0001 0.001
)

Sediment transport rate estimated
by Ribberink's formula, Oz (m%(m s))

Figure 1 Comparison between Qp and Q. The solid, broken
and dot-broken lines show O, = Og, Oy, = 1/2 or 2 O, and
Oy = 1/4 or 4 O, respectively.

Table 1 Root-mean-square deviation o;,, and discrepancy

ratios for Q.

Discrepancy
Or Data oms  Tatio (%)
(m*(ms))  number Orms 10 172 1/4
and2  and 4
>0.0001 70 0.409 2.56 75.7 0.0
< 0.0001 56 1.157 14.4 982 732

The values of Oy, are larger than those of Oy (Figure 1),
and the average Qy,/Op, 107™, is 2.56 for 0,,>0.0001 m*/(m
s) (Table 1). The percentages of Q,, within a factor 2 of QO
and a factor 4 are 24.3% and 100%, respectively, for
05,>0.0001 m*/(m s).

3.2 Total longshore sediment transport rate

Total longshore sediment transport rates excluding porosity
predicted by the present model were compared with those
estimated by Bayram et al’s formula (2007), which was based
on 120 field measurements including those obtained during

storms.

&

0 = FViean
YB (s - prew
23
Hyzp s 9
e=09.0+40——)x10
wa

where Q,p is the total longshore sediment transport rate
estimated by Bayram et al.’s formula (2007), F is the wave
energy flux before wave breaking, V.., is the mean
longshore current velocity in the surf zone and Hs;, is the

significant wave height at the wave breaking point.
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o
N
|
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o
=

0.001

7
HH‘

0.0001

0.001

0.01

0.1

0.0001

Total longshore sediment transport rate, O, (m®/s)

Total longshore sediment trasport rate
estimated by Bayram et al.'s formula, O, 5 (m%/s)

Figure 2 Comparison between O, and Q,. The solid, broken
and dot-broken lines show Q, = Q,5, O, = 1/2 or 2 Q, 5, and O,
=1/4 or 4 Q, 3, respectively.

Table 2 Root-mean-square deviation and discrepancy ratios
for Q,.

O3 Data Discrepancy
(m*/s) number oms  Tatio (%)
G 0T 1
and 2 and 4
>0.01 145  0.294 1.97 37.2 0.0
<0.01 71 0.514 3.26 93.0 21.5
1
o e R
il &0 ® € ¢ °
)
0.6 — o, ;o
g 1w
= _ ®e
S 0.4 |
0.2
O T \HHH‘ T \HHH‘ T \HHH‘ LI
0.0001 0.001 0.01 0.1

Total longshore sediment trasport rate, O, (m®/s)

Figure 3 Ratio of suspended longshore sediment transport

rate Oy, to total longshore sediment transport rate Q,.

The total longshore sediment transport rates were estimated
under conditions of offshore significant wave heights from
0.5 to 3.0 m at 0.5-m intervals, wave periods from 8 to 12 s at
2-s intervals, wave directions from 10 to 40 degrees with
10-degree intervals, and beach slopes of 1/20, 1/30 and 1/50.
The sediment size was assumed to be 0.2 mm.

The O, values estimated by the present model are slightly

larger than Q, 5 values (Figure 2) and the average Q,/Q, 5 are
1.94 for 0>0.01 m%/s and 3.27 for 0,<0.01 m*/s (Table 2).
The percentages of O, (>0.01 m®/s) within factors of 2 and 4

of Qi3
were obtained by replacing Q,, and Oy in Equation (22) with

are 62.8% and 100%, respectively. The o;,, values

0O, and Q, p, respectively.

As for the ratio of suspended and bed loads, the ratios of
suspended total longshore sediment transport rate Oy, to total
rate O, are mostly 70 to 90 % and suspended load is
predominant for 0>0.01 m’/s (Figure 3).

3.3 Cross-shore distribution of suspended longshore
sediment transport rate

The cross-shore distribution of suspended longshore
sediment transport rate estimated by Equation (18) of the
present model was compared with field data obtained by
Miller (1998) at Duck, North Carolina, USA, on February 4,
1998. Miller (1998) installed eight optical backscatter sensors
and four electro-magnetic current meters using Sensor
Insertion System from the 560-m-long pier of Field Research
Facility to measure sediment fluxes. The seaward boundary
was set at x = 900 m, where the water depth was about 8 m,
and the grid size was 5 m. The input significant wave height
was 3.8 m, peak wave period was 11.0 s, wave direction was
20.0 degrees, wind velocity was 3.3 m/s and wind direction
was 74.4 degrees. The sediment diameter and fall velocity
were assumed to be 0.15 mm and 0.0115 m/s, respectively.
The values of Cy, and Cp in Equations (1) and (3) were set to
1.05 and 1.10, respectively, to have minimal error between the
measured and estimated significant wave heights

The estimated suspended loads are mostly smaller than the
measured values (Figure 4) as opposed to the values
estimated by the present model for transport rate due to steady
flow and total longshore sediment transport rate. However,
the present model reasonably reproduced the field
measurement, which peaked around x = 420 m. In the surf
zone, x < 450 m, the transport rates estimated with the
estimated longshore current velocities are 0.22 to 1.42 times
the measured transport rates and those estimated with the

measured velocities are 0.42 to 1.14 times the measured rates.

3.4 Validation
The comparisons between the simulated values and field
measured values or estimations by the formulae based on a

wide range of data demonstrate that the present model can
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Figure 4 Cross-shore distributions of significant wave height
(a), longshore current velocity (b), suspended longshore
sediment transport rate (c) and elevation (d). The solid circles
show measured values. The solid lines in panels (a) and (b)
show estimated values, and the broken line in panel (b) show
the values interpolated using the measured values and cubic
spline function. The solid and broken lines in panel (c¢) show
the values estimated with the estimated and measured

longshore current velocities, respectively.

estimate the longshore sediment transport rate in the field
reasonably well within a factor of 2 and almost completely

within a factor of 4.

4. Estimation of cross-shore distribution of
long-term average longshore sediment
transport rate

At Hasaki, Japan, the direction of average longshore
current velocity is northward near the shore (< 150 m) and
southward away from the shore (Kuriyama et al., 2008). To

examine the cross-shore distribution of the average longshore

sediment transport rate under such a complex longshore
current velocity field, longshore sediment transport rates at
Hasaki were estimated by the present model for a 15-year
period from 1987 to 2001 and the resulting characteristics

were investigated.

4.1 Recalibration of longshore current velocity
sub-model

Input wave parameters at the seaward boundary were wave
height, period and direction. Although the input wave heights
and periods were based on measured values, the input wave
directions were estimated by Hashimoto et al. (2000) using
WAM (WAve prediction Model), a third generation wave
prediction model. Because the accuracy of the input wave
direction was not high compared with accuracies of input
wave height and period, a correction value for the input wave
direction 6,, giving the input wave direction as 6 + 6., was
introduced, and 6. as well as N in Equation (9) and £, in
Equation (11), both of which affect the cross-shore
distribution of longshore current velocity, was calibrated
using the cross-shore distribution of the average longshore
current velocity during the 15-year period from 1987 to 2001

at Hasaki.

(1) Data description

Field measurements of longshore current velocity were
conducted once a weekday at intervals of about 50 m along a
427-m-long pier of the Hazaki Oceanographical Research
Station (HORS), located on the Hasaki coast of Japan facing
the Pacific Ocean (Figure 5). The nearshore current velocity
1 m below the surface was measured with a spherical float of
0.2 m diameter. The measurement method was confirmed by
comparison with measurements by an electro-magnetic
current meter (Kuriyama et al., 2008).

Besides the longshore current velocities, beach profiles
along the pier were measured at 5-m intervals every weekday
with a 5-kg lead from the pier, and with a level and staff on
the shore side. The bathymetry near HORS was surveyed
once or twice a year in an area 600 m wide along the shore
and about 700 m long across the shore. The median sediment
diameter along the profile was 0.18 mm and was almost
uniform along the profile (Katoh and Yanagishima, 1995).
Based on the datum level at Hasaki (Tokyo Peil -0.687 m), the
high, mean and low water levels are 1.25 m, 0.65 m, and

-0.20 m, respectively.
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Figure 6 shows the mean beach profiles from 1987 to 2001.
Each position along the pier is referred to by its seaward
distance relative to the reference point located close to the
pier entrance and designated as “P.” For example, P230m
denotes a position 230 m seaward from the reference point.
The mean beach slope gradually decreased offshore from
about 1/40 near the shoreline to about 1/100 at P300m and
about 1/120 seaward of the tip of the pier. Longshore bars
emerged, migrated seaward and decayed between P200m and
P400m. 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).

The coordinate system used in this study is shown in
Figure 7. The positive direction of longshore current velocity
and sediment transport rate was defined as being southward.
The wave and wind angles were defined relative to the
shoreward  direction and were positive in  the
counterclockwise direction.

Deepwater waves were measured at approximately 24-m
water depth with an ultrasonic wave gage for 20 minutes
every 2 hours (Figure 5). Wave angles were visually observed
at the tip of the pier once a weekday, although they were not
used in the calibration. Wind angles and velocities were
measured at the tip of the pier for 10 minutes every hour.

Deepwater wave height was large from January to March
and from September to October, but small from June to
August (Figure 8 (a)). On the other hand, the wave period
was almost constant at 8 s (b). Waves came mainly from the
north from December to February, and from the south from
May to August (c). Strong winds came from the north from
October to February, whereas weak winds came from the
south from May to August (d). The yearly changes were small

compared with the seasonal changes.

(2) Calibration result

The calculations of longshore current velocities for the
calibration were conducted when the longshore current
velocities were measured in the field, once a weekday. The
cross-shore grid size was set at 10 m, and the seaward
boundary was set at P1645m, where the elevation was -14.5
m relative to the Hasaki datum level. The input data at the
seaward boundary were the wave heights and periods

estimated from wave gage measurement at approximately
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Figure 8 Monthly average offshore wave height and period
(a), wave angle visually observed at the tip of the HORS
pier (b), and wind velocity (c) and angle (d).

24-m water depth (Figure 5), the wave angles estimated by
WAM, and the estimated astronomical tide levels.

The initial beach profile shoreward of P385m was set as the
profile measured on January 4, 1989, and that seaward of
P445m was set as the mean beach profile, as shown in Figure
6. The profile between P390m and P440m was interpolated
from the elevations at P385m and P445m.

The values of Cj. and Cp were set to 0.70 and 0.75,
respectively, to have minimal error between the measured
(Kuriyama et al.,, 2008) and estimated significant wave
heights along the HORS pier during the period from 1987 to
2001.

The parameter values of 6., N and k, were determined so
that the root-mean-square error of the average longshore
current velocity was minimal. The resulting best parameter set
was 6, = 6 degrees, N = 5.0 m%*/s and k, = 0.15 m. The
root-mean-square errors for the average longshore current
velocity and longshore current velocity are 0.0035 m/s and
0.25 m/s, respectively.

The k, value of 0.15 m is almost the same as the %, value of
0.1 m obtained by Kuriyama (2010a) based on field data
including accurate incident wave directions. However, the N
value of 5.0 m%s in this study is ten times the value of 0.5
m?/s reported by Kuriyama (2010a). When N is small, the

peak value is prominent and a small discrepancy of the peak
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Figure 9 Comparison between measured and estimated

longshore current velocities at P380m (a) and P115m (b).

location results in a large error. The large N in this study may
have resulted from reducing such error by smoothing the
cross-shore distribution of estimated longshore current
velocity, which would have included errors caused by
inaccurate wave directions.

The estimated and measured longshore current velocities
have positive correlations, while there are some scatters
(Figure 9). The cross-shore distribution of average longshore
current velocity estimated by the present model with the best
parameter values correlate well with the measured distribution
of northward near the shore and southward away from the
shore (Figure 10). The causes of the complex cross-shore
distribution of average longshore current velocity were

discussed by Kuriyama et al. (2008).

4.2 Estimation of longshore sediment transport rate
The average longshore current velocity is northward and
southward shoreward and seaward of P130m, respectively.
The average longshore sediment transport rate, however, is
relatively small shoreward of P160m (Figure 11). Seaward of

P160m, it is southward with two peaks around P220m and
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P470m. The ratio of suspended sediment transport rate to the
longshore sediment transport rate is high, as described in
section 3.4, and ranges from 50% to 85%.

While the average longshore current velocity is northward
near the shore, the average longshore sediment transport rate
is not northward. Kuriyama et al. (2008) showed that the
cross-shore distribution of average longshore current velocity
is produced by the combination of the southward and
northward currents. The southward current is caused by
relatively high offshore waves and is thus relatively strong but
also less frequent. The northward current is caused by
relatively low offshore waves and is thus relatively weak but
more frequent. Near the shore, although the average
northward current velocity is relatively small as mentioned
above, the sum of the northward current velocity prevailed
over that of southward current velocity and hence the
northward current is predominant.

The suspended longshore sediment transport rate, which
mostly predominates over the bed transport rate, is expressed
by the product of longshore current velocity and surface roller
energy dissipation rate (Equation (18)). Because both are
expected to be proportional to the offshore wave height, the
difference between the absolute values of southward and
northward longshore sediment transport rates is larger than
that between southward and northward longshore current
velocities. Consequently, even though the northward sediment
transport occurs more frequently than the southward transport,
the northward longshore sediment transport rate is not
dominant near the shore.

In the region from P150m to P600m, the average longshore

sediment transport rate has two peaks and is lower than 100
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Figure 11 Cross-shore distributions of average longshore
current velocity (a), average values of longshore sediment
transport rate (b, thick line) and suspended longshore
sediment transport rate (b, thin line), and the absolute values
of northward (solid line) and southward (broken line) gross

longshore sediment transport rate for a year (c).

m’/(m s) from P260m to P420m, whereas the average
longshore current velocity has only one peak. The average
beach profile includes a small trough shoreward of P400m
caused by local scour around piles at the tip of the pier
(Figure 6). At a trough, although longshore current velocity is
not necessarily smaller and may even be larger than at the
crest (e.g., Church and Thornton, 1993; Kuriyama and Ozaki,
1993; Smith et al., 1993; Kuriyama and Nakatsukasa, 2000),
the surface roller energy dissipation rate becomes smaller
(e.g., Kuriyama, 2010b). Thus the longshore sediment
transport rate decreased at the trough.

The average longshore current velocity illustrated in
Figure 11 does not include the near-shore southward current
as shown in Figure 10 because of the tidal levels of the
current measurements. The values in Figure 10 were obtained
using the calculation results when the current measurements
were conducted. The measurements were mostly conducted in
the morning, when tidal levels are higher in winter than in
summer. This indicates that the calculation region expanded
more shoreward in winter, when the southward longshore

current is predominant, than in summer, when the northward
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current is predominant. Hence the predominant southward
current appears in Figure 10. On the other hand, the average
tide level in winter is almost the same as that in summer, and
thus the southward current near the shore as shown in Figure
10 does not appear in Figure 11, which is based on

calculations at 2-hour intervals.

5. Discussion

The northward and southward gross longshore sediment
transport rates integrated from the shore to a water depth of
approximately 7 m, where the seaward distance is 705 m, are
28 x 10* and 37 x 10* m*/year, respectively (Figure 11 (c)).
These gross transport rates are smaller than the value of
approximately 60 x 10* m’/year for the northward and
southward gross transport rates reported by Sato and Tanaka
(1966), who analyzed bathymetry data obtained in 1964 and
1965. They obtained data around breakwaters and groins
about 10 km north of the study site, taking measurements
from the shore to approximately 7-m water depth. However,
the estimated gross transport rates vary from 20 x 10* to 50 x
10* m*/year during the 15-year period, and hence the gross
transport rates of 28 x 10* and 37 x 10* m’/year are not
inconsistent with the result of Sato and Tanaka (1966).

The average longshore sediment transport rate is small and
southward near the shore (Figure 11). Uda et al. (1986)
showed that the predominant longshore sediment transport is
northward at the Kashima-nada coast, which includes the
Hasaki coast, on the basis of offshore wave direction data
obtained with 22.5-degree resolution (16 component
directions). However, Sato and Tanaka’s (1966) result depicts
a southward predominant longshore sediment transport. The
shoreline changes detected from aerial photographs by Sato et
al. (2002) showed that although the shoreline advanced from
1961 to 1984 at the northern part of the Hasaki coast, where
HORS is located, owing to the construction of Kashima Port
(Figure 5) and sand disposal south of the port, the shoreline
position was stable since 1987. This result indicates that the
net sediment transport rate is quite small near the shoreline
and the direction of predominant longshore sediment transport
is unclear, which is consistent with the result obtained in this
study. Nevertheless, longshore sediment transport near the
shore is more complex than assumed in the present model
(e.g., Kamphius, 1991; Asano, 1996; Elfrink and Baldock,
2002; Wang et al., 2002) and further investigation and more
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advanced modeling of sediment transport in the swash zone

are required.

6. Conclusion

A process-based one-dimensional model for predicting the
cross-shore distribution of longshore sediment transport rate
was developed from the cross-shore sediment transport
formula developed and validated with field data by Kuriyama
(2010b). The model predicts the suspended

sediment transport rate due to wave breaking and bed

longshore

transport rate due to longshore current velocity and velocity
skewness and atiltness.

The validity of the model was examined using transport
rates due to steady flows estimated by Ribbelink’s formula
(1998), total longshore sediment transport rates estimated by
Bayram et al’s formula (2007) and the cross-shore
distribution of suspended longshore sediment transport rate
measured in the field by Miller (1998). The model was found
to reproduce the longshore sediment transport rate in the field
reasonably well within a factor of 2 and almost completely
within a factor of 4.

The developed model was then used to estimate longshore
sediment transport rate at the Hasaki coast, where the
predominant longshore current is northward near the shore
and southward away from the shore. Estimations were
produced at 2-hour intervals for 15 years from 1987 to 2001,
and the cross-shore distribution of the average longshore
sediment transport rate was examined. The result showed that
the average longshore sediment transport rate was relatively
small near the shore and the predominant northward sediment
transport was not seen as opposed to the average longshore
current. Seaward of P160m, the average longshore sediment
transport was southward with two peaks at around P220m and
P470m, whereas the average longshore current velocity
showed one peak. This difference in peaks was probably
caused by a trough located shoreward of P400m. The
longshore sediment transport rate is mainly expressed by the
product of longshore current velocity and surface roller
energy dissipation; the former does not decrease at a trough,
whereas the latter decreases. As a result, the average
longshore sediment transport rate had relatively small values
at the trough shoreward of P400m, but the average longshore
current did not.

(Received on January 20, 2010)
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