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Synopsis

Coastal current in the nearshore zone is called nearshore current, which is mainly generated
by breaking waves inside the surf zone together with winds in the wide area of the coastal zone.
Both wind-induced currents and wave-induced currents are characterized by a shear-flow with a
remarkable vertical distribution and complicated turbul flow fields.

For mathematical molding of such hore currents, it is very important to make clear wind
and wave stresses acting on the sea-surface. However, there have been no reliable observation of
current profile inside the surf zone or information of wind stresses in the nearshore zone, because
of its measuring difficulty without observation pier and advanced measuring instruments.

In this paper, we conducted a continuous measwring of nearshore current profile and wind
stresses infout the surf zone by using high frequency ADCP(Acoustic Doppler Current Profiler)
installed on the sea-bottom under the observation pier(the T-shaped pier of Ogata Wave
Observatory) together with ultra-sonic . This t th observation unveiled a part
of nearshore currents structure as well as wind drag coefficient in the nearshore zone.
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1. Introduction

It has been recognized that beaches play an
important role in the global environment. On the other
hand, it has become to be a big social problem that the
beaches disappeared due to human activity(beach
erosion problem). For example, the shoreline retreat
induiced by . the non-inverse offshore sediment
transportation has been accelerated with the global sea
level rise or extremely wave conditions. It is also
conceivable that the width of beaches becomes smaller
and smaller when the offshore sediment transportation
accelerated by the storm waves together with changesin
the grain size component of the sediment. Large sale
beach changes was caused by imbalance of longshore
sediment transport changes in wave and current fields
and the effect of man-made structures, which affects not
only beach changes but also natural environment such
as water quality, the ecological system and natural

resources.

Both in the United States of American and
European countries, the usefulness of the beaches to the
coastal environment as well as function of absorbing
the impact of the waves (disaster prevention function)
has been recognized in these several decades. Beach
nourishment has been employed to recreate natural sand
beaches instead of hard structures. The new research
field the so-called "Beach Engineering” has been
developed, in which stable beach formation and
maintenance, environmental and economic evaluation
of beach formation have comprehensively been
considered (Yamashita,1997). The interdisciplinary
studies for the coastal preservation will be developedin
the field of beach engineering.

The prediction of beachchanges is one of purposes
of beach engineering. The extemal forces like winds,
waves, ocean currents and nearshore currents make the
sea bottom sediment move resulting in beach changes.
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The numerical models for beach change prediction,
therefore should consider to combine the models of the
wave transformation, nearshore currents, sediment
transport together with continuity of the sediment
transport, Beach change prediction method can be
classified into two types: one is the so called n-line
model, the other is three-dimensional model. The n-line
model estimates shoreline evolution by assuming the
existence of equilibrium beach profiles, which is used
for the beach change prediction of long term and
extended domains. On the other hand, three-dimensional
model is effective on predicting the sea bottom
topography changes caused by local changes in waves
and currents fields.’

Numerical model of the beach changes, should be
verified with the field observation, in which each
models for waves, currents and sediment transport are
examined independently or simultaneously. As the
nearshore current model is the foundation of the beach
change models, many types of nearshore current models
have been developed and proposed. Within several
decades, most of the nearshore current models have been
developed as two-dimensional models, assuming the
gradient of radiation stresses to be driving forces, in
which the characteristics of the vertical distribution of
the nearshore currents have not directly been taken into
consideration. Although, three dimensional structure of
the nearshore currents has recently been recognized, we
have not enough knowledge to establish the three-
dimensional mode. However, problems of
computational capacity and heavy task make us stand
with quasi three-dimensional models. Stive(1987)
calculated the vertical distribution of the nearshore
currents assuming the same distribution for longshore
direction. Svendsen(1989) evaluated the longshore and
on-offshore components form three-dimensional
Navier-Stokes equations, and then estimated the
nearshore currents by combining the components of
longshore and on-offshore. Sanchez(1992) considered
the retum flow which obtained from experiment,
estimated the nearshore currents with combining the
horizontally two-dimensional and vertically one-
dimensional models. Mellor(1996) employed the mode
splitting method for three-dimensional nearshore
current model.

On the otherhand, for the case of the large scale of
man-made coastal structures, or the remarkable changes
in wave and current fields dueto construction of coastal
structures, we have to simulate their influences to the
beach changes. It is also necessary to discuss more
about the erosion control if we detect the remarkable
topography changes by the simulation. However,
because of the variety and complexity of the different

conditions of beaches, it is difficult to get a universal
result with enough accuracy by numerical simulation.
For this case, we need the observation.

As almost all the remarkable beach erosions in the
Japan’s coasts facing Japan Sea have been caused by
high waves and strong wind, so it is necessary to
observe the waves, cumrents and sediment transport
together with strong winds. Yamashita et al(1997)
conducted a long term ADCP observations in this
condition for elucidating the three-dimensional
structure of nearshore currents by observation pier.
They observed the vertical distribution of the nearshore
currents in the surf zone to make clear as following:
(1)The nearshore currents have almost uniform vertical
distribution near the surf zone. (2) The nearshore
currents is strongly influenced by the winds. It is also
concluded from the observation that the characteristics
of the waves, currents and turbulence in the shallow
water under the condition of strong winds are very
different from those in deep water.

Thus it is important to make clear the mechanism
of momentum transfer from atmosphere to the sea near
the surf zone(Watson, G. and Yamashita, T.1997).
Wind-induced current may be equivalent to current
induced by wave breaking in coasts facing the Japan Sea.
When we establish a mathematical mode! for nearshore
current, these effects should be taken into consideration.

A long term observations for winds, waves and
currents under the high waves condition in winter in
Ogata coast facing Japan Sea. ADCP observation was
conduced along the observation pier of Ogata Wave
Observatory, Disaster Prevention Research Institute of
Kyoto University. The nearshore current profile against
the extemal forces such as waves and winds was
investigated The wind stresses near the surf zone was
also observed by three components ultrasonic
anemometer and wind stresses are estimated by the
Turbulence Dissipation Method (TDM) to formulate
the wind drag coefficient against wind speed.

2. Observation of Nearshore Currents

Beach erosion due to offshore-going sediment
transport is a serious problem for Japan's coasts facing
Japan Sea. The mechanism of sediment transport to
offshore has not yet beenmade clear. In this chapter, the
winds, waves and currents system in the surf zone was
observed at the T-shaped Observation Pier(TOP), Ogata
Wave Observatory. Ultrasonic anemometer, ultrasonic
7 sets of wave gauges and high frequency ADCP
(1200kHz, Workhorse Sentinel , RD Instrument) were
used to make clear the nearshore current structure under
the strong wind.
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2.1 Observation System

The observation was conducted at the Ogata coast
from March 2 to March 13, 1997 and from December
26 , 1997 to January 16, 1998.

(1) Wind and Wave Observations:

Wind was measured using a three component
ultrasonic anemometer at 10m above the mean sealevel.
Seven ultrasonic wave gauges have been installed along
the observation pier to measure wave direction (usinga
complete linear-array of 4 gauges, referred as chl, ch2,
ch3 and ch4 in Figure 1) and to measure wave
attenuation due to breaking (using the 3 gauges : chS,
ch6 and ch7). Mean water level changes due to wave
set-up andtides (about 0.3m) were also measured by the
7 gauges. The wave and wind data were observed for20
minutes and 60 minutes, respectively, with the
sampling frequency of 10Hz.

(2) Current Observations:

Two ADCP were installed on the sea bottom
beneath the center of the two wings of TOP as shown in
Figure 1. Beach profiles were also measured along the
pier during and prior to the observation, in August,
1996 and March, 1997.
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Figurel. Observation Pier and Equipment Set-up

2.2 Processing of ADCP Data

The main purpose of ADCP measurement is to
know the velocity distribution of the nearshore currents
in the surf zone. For this purpose, we changed the
number of pings (1-30ping) and thickness of measuring
layer (0.25m and 0.5m) to get the most suitable

condition for wave and cument observation.
Consequently, the measuring mode of the ADCP was
set to 8pings ensemble average (0.25sx8=2s sampling)
for wave observation in 1997, and 30pings average for
mean current observation in 1998, with 30 depth-cells
of 25cm measuring layer. Data were continuously
recorded and stored in MO disks. Tidal range of this
region is smaller than 0.3m.

For mean flow detection, 2 and 6 minutes box
averages were taken for data in 1997 and in 1998,
respectively.

2.3 Nearshore Current Structure
2.3.1 Observations in 1998

Figure 2 shows the significant wave height and
Figure 3 shows the time series of wind speed and
direction, during the observation period As the
direction of shore-normal is north-west, wind from the
north-west to south-west is referred as westerly wind,
and wind from north-west to north-east is called easterly
wind From Figures 2 and 3, the highest wave and
strongest wind occurredin the period of January 4 to 7.
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Figure3 Wind Speed and Wind Direction
(26th,Dec,1997 to 16th,Jan,1998)

Figure 4 shows time series of waves and winds afterthe
westerly winds on January 4 (1:00pm,), in which a
sharp increase of wave height is recorded (6:00pm) with
the peak of wave period (8:00pm). These events may be
correlated each other; as strong westerly winds generate
wind waves and change their direction to be east with
moving of meteorological dippression to the east,
oocurrence of wave period peak delays with several
hours.

Figure 5 shows the off-shore cumrents in the
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observation period. The strong off-shore currents occurs
suddenly. In order to investigate this sudden change of
current against wind and wave conditions, winds and
waves are plotted together in Figure 6, during 6:00am,
January 6 to 8:00pm, January 7.
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(26,Dec.1997 to 8,Mwr,1998)

Currents components of the on-offshore and
longshore are plotted in Figures 6(c) and 5(d),
respectively. Figure 6(a) indicates a drop of wave height
at chS compared to ch4 at 8:00am, January 7. This can
be interpret as an occurrence of wave breaking at some
point between wave gauges ch4 and chS (20m onshore
from ch4 as shown in Figure 1). In other words, the
observation point moved from inside to outside the surf
zone within the observation period depending on wind
and wave conditions.

Furthermore, it can be observed from Figure 6(b)
that the discrepancy between these wave gauges
occurred when wind direction changed to easterly and
wind speed became weak. Four storms, including the
case shown in Figure 5, were observed in January and
February, 1998. Analysis of other three cases are shown
in Appendix, Figures. A1, A2 and A3, in which similar
characteristics of cuments, winds and waves were
observed.

(a)Velocity Profile:

Figure 6(¢) indicates that the remarkable offshore
currents occur when the wind direction changes from
westerly to easterly and there is no significant variation
of velocity profiles both for longshore and offshore
currents below the wave trough level.

(b)Longshore Currents: )

Figure 6(c) shows that the longshore currents are
strongly related with longshore components of the wind
speed. Vertical distribution of longshore currents
developed by strong winds is extremely stable and
uniform. Note that the direction of the longshore
currents fully depend on wind direction, i.e. westerly
winds excite longshore currents going north-east and
easterly winds produce longshore currents going to the
south-west. Components of going offshore currents are
much smaller than longshore components.

(¢) Cross-Shore Currents:

Figure 6(d) shows that almost all currents below
the wave trough level directs to offshore. When wind
direction changes from westerly to easterly (shore-
normal wind phase), a typical wind evolution patternin
the coasts facing the Japan Sea, strong offshore currents
are observed. Vertical distribution of cross-shore current
is characterized with strong shear flow which consists
of on-shore going current above the trough level and
off-shore going current below the wave trough.

2.3.2 Observation in 1997

Observation conducted in March, 1997 is shown in
Appendix, Figure 7, in which the typical wave
characteristics in the Japan Sea were recognized, i.e. the
westerly winds generate wind waves coming from west,
then wind direction changes to easterly with reducing
wind speed. Swells from the north are observed after
several hours from the peak wave height occurrence.
When the wind direction changes to easterly, offshore
currents become strong below the trough level, as
similar to the observation in January, 1998.

3. Wind Stresses in Nearshore Zone

The stress factors represent the exchange of
momentum between atmosphere and ocean, and
between ocean and sea bed Air-sea momentum
exchange is a complex process involving turbulent
boundary-layer flow over a changing rough surface,
wave generation, non-linear energy transfer between
wave components, and wave breaking. Waves also
affect the bottom stress, by increasing bottom boundary
layer turbulence and eddy viscosity, and hence
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momentum transfer. These processes are not very well
understood theoretically, especially in strong winds and
high waves, and so are not incorporated into the models.
If they can be better understood, then in principle the
accuracy of the comesponding forcing terms in the
current models could be improved.

The wind turbulence was measured by a three-
component ultrasonic anemometer, which is locatedon
the top of the observation pier, at the height of 10m
above mean sea level. Wind data were continuously
recorded with 10Hz sampling and analyzed by the
turbulent dissipation method (TDM) mentioned below.

3.1 Turbulence Dissipation Method

Following Yelland et al.(1996), wind stress was
estimated from the anemometer data by using TDM
which is based on the assumption that the energy
spectrum of the down-wind component is governed by
the rate of dissipation of energy caused by high
frequency turbulence. In this case, the spectrum is
assumed to have the form:

2/3
S(f) = KE!/Sf—S/S(%) (l)

where S(f) is the power spectrum of the down-wind
component, K the 1-DKolmogorov constant, takento
be 0.55, € the high-frequency turbulent dissipation
rate, U the wind speed If the measured spectrum is
found to obey the f* law reasonably well, then an

average value of S(f)f S over an appropriate
frequency range may be used in Eq.(1) to estimate €.
The wind stress 7T is then estimated by

2/3

1=p,(ke) @
where , is the von Karman constant which is takenas
0.4, and Z is the measurement height (10 m).

The mean force acting on the surface of a body of
water due to wind stress is usually approximated as:

'f, = p-CmoﬁlolgloI (&)
where 7, is the windstress at the surface, p, theair
density, U, the mean wind speed at 10 m above the
mean water level and C,, the drag coefficient for
wind at 10 m. To represent the fact that surface
roughness increases with wind speed, this coefficientis
normally specified as a function of the wind speed at
10m, as C,, (T,).

The drag coefficient then can be obtained from
Eq.(3) after correcting the observed mean wind speed to
an estimated value at 10m above the mean sea level.

3.2 Wind Shear Formulation
The observation data are classified into four types
by the wind direction as shown in Figure 8, Figure 9.
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They show the relation between the drag coefficient and
wind speed which is taken to the 10 minutes average for
each type.
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Figure8 Four Type of the Wind Direction

Figure 9 show that the wind from south-west to
north-east (Figure 9a) is much stronger than that from
the other direction , whose maximum value is about
24m/s. Almost all wind stronger than 10m/s are from
this direction. When the wind speed of type 1 exceeds
10m/s , the relation between the drag coefficient and
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average wind speed becomes to the following fitting
curve as shown in Figure 10.
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The drag coefficient usually increases with wind
speed in the ocean, however, drag coefficient near the
surf zone shows opposite tendency as shown in Figure
9, and Figure 10 shows the significant wave height does
not dependon the wind speed. It may be considered that
the wave breaking reduce the roughness near the surf
zone when wave heights increase.

4, Conclusions

In this study, we conducted a continuous
measuring of nearshore current profile and wind stresses
infout the surf zone by using high frequency ADCP
installed on the sea-bottom under the observation pier
together with three-component ultrasonic anemometer.
This two-month observation unveiled a part of
nearshore currents structure as well as wind drag
coefficient in the nearshore zone which are summarized
below.

As a nearshore current structure:

1) Remarkable offshore currents occur when the wind
direction changes from westerly to easterly and there is
no significant variation of velocity profiles of both
longshore and offshore currentsbelow the wave trough
level.

2) Longshore currents are strongly related to longshore
components of the wind speed. Vertical distribution of
longshore cuments developed by strong winds is
extremely stable and uniform.

3) The direction of the longshore cumrents strongly
depends on wind direction

4) Components of offshore currents are much smaller
than longshore components.

5) Vertical distribution of cross-shore current is
characterized with strong shear flow which consists of
on-shore going current above the trough level and off-
shore going current below the wave trough.

As wind stresses near the surf zone:

1) Winds from south-west to north-east are much
stronger than those from the other directions in this
coast. 2) The relation between the drag coefficient and
average wind speed becomes to the following fitting
curve

v
Cp= 0.0223(%) N

when the wind speed exceeds 10m/s.

3) Drag coefficient near the surf zone shows opposite
tendency as drag coefficient in the ocean. It may
interrupt that the wave breaking reduce the roughness
near the surf zone when wave heights increase.
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Appendix
Three other cases of wind, wave and current profile

observation in January and February, 1998 are shown
below.
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(e) Nearshore Current Profile (vectors) 60cm/sec
FigureA3 Nearshore Current Profile against Wave and Wind (8, Feb.1998 to 10, Feb.1998)
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