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Surface Waves and Bottom Shear Stresses in the Yellow Sea
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Abstract: The amplitudes and periods of wind-driven, surface gravity waves in the Yellow Sea,

were calculated using the SMB hindcasting method. Bottom orbital velocities and bottom shear

stresses were then calculated on the basis of linear wave theory and Kajiura's (1968) turbulent

oscillating boundary layer analysis. These calculations were made for northwesterly and. southwest-

erly winds with a steady speed of 40 knots.

The numerical results show that the wide offshore

areas along the western Korean Peninsula are persistently subjected to the strong wave action and

bottom shear stresses produced by the prevailing winds.
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INTRODUCTION

The wave action in the Yellow Sea has
a significant effect on coastal processes such as
shore erosion and sediment transport along the
western Korean Peninsula. In order to determine
the transport of sediments in a sea, various
quantities must be known or be determined. Of
critical importance is the rate at which sedi-
ments are entrained from the bottom into the
overlying water. This entrainment rate can be
directly related to wave action.

The primary sources of suspended sediments
in the Yellow Sea are river inflows and shore er-
osion while the primary sinks are the deopsition
and ultimate consolidaion of sediments in the
permanent sedimentary bottom of the sea. The
sediment transportation from the primary sour-
ces to ultimate sinks occurs by frequent cycles

of resuspension, transport, and deposition. The
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Fig. 1. Bathymetry of the Yellow Sea and adjacent
seas of Korea. Numerical grids are shown
along the coastal boundary.
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resuspension occurs primarily due to wave action
and currents, the former generally dominant in
shallow water. The shallow Yellow Sea (Fig.
1) is significantly influenced by wave-sediment
interaction, which leads to high sediment con-
centrations in the water. The wave-sediment
interactions result mainly from strong wave

action due to long fetches of prevailing winds.

MODEL EQUATIONS

Wave generation in shallow water is consi-
derably modified by water depth and bottom
surface conditions. In shallow water, wave hei-
ghts are smaller and periods are shorter than
in deep water. As the surface waves feel bottom,
wave energy dissipation occurs due to bottom
friction and percolation. For practical purposes,
most of the wave prediction schemes for shallow
water have been based on the SMB method (U.
S. Army CERC 1977).
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where H, is the significant wave height, T, the
significant wave period, U the wind speed, F
the fetch length, D the mean depth along the
fetch, and g the gravitational acceleration. The
significant wave height is the average height of
the one-third highest waves in an observed wave
train (say, containing approximately 100 wa-
ves), and is approximately equal to the average
height observed by trained personnel. The
significant wave period is the average period
corresponding to the highest one third waves.

As the mean depth increases, equations (1) and

(2) reduce to the deep water relations.

For a progressive wave of small amplitude
propagating in the z-direction in water of depth
d, linear wave theory shows the following. The
surface displacement 5 is given by  (z,£)=a
cos(kz—ot) where k=2x/L is the wave number,
0=27/T the wave frequency, L the wave lengh,
and T the wave period. The dispersion relation
becomes
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where Ly=gT?/2n is the deep-water wave length
and d the local depth. The maximum orbital
velocity at bottom is given by
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The boundary layer flows under surface waves

are oscillatory. In the presence of roughness
elements on the bottom surface, the flow char-
acteristics of the boundary layer are altered be-
cause of turbulent wakes and vortices. The
surface conditions are either hydrodynamically
smooth or rough, depending on whether the
elements are completely submerged in the viscous
sublayer or not. As shown in steady turbulent
pipe flow (Rouse 1973),
is 0.4<h/D,<5.

the transition criteria
Here, h is the particle size
Dy=12v/U,*
the thickness of the viscous sublayer, U,* the

(say, r.m.s. roughness height),

maximum frictional velocity, and v the kine-
matic viscosity.

For an oscillatory boundary layer, the maxi-
mum shear stress exerted on the bottom sedi-
ments is given as

1,==C,pU? &)

Here, p is the water density and C, is a
bottom friction coefficient whick depends on
both the surface roughness and the flow chara-
cteristics in the wave boundary layer. Kajiura
(1968) proposed an expression for C, based on
the eddy viscosity assumption as follows. Over

a smooth bottom, i.e., A/D;=0. 4,
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where £=0.4, N=12, C,=0.0593, r=0. 5722,
R= U the Reynolds number, and 6%= (v/0) +
the wave displacement thickness. For R <200,

C, is given approximately by
Cr=1/R @
Teleki and Anderson (1970) and Kamphuis
(1975) showed that their laboratory shear-stress
measurements agree with Kajiura’s C; over a
smooth bottom. Over a rough bottom, i.e.,
k/D>0. 4,
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Where Z,=h/30 is Nikuradse’s equivalent sand
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roughness, ZL=30 R%/R,, and R,= Uk
0

Reynolds number for roughness.
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The above relation for a rough bottom is

For

generally acceptable compared to the published
experimental data of Bagnold (1946), Jonsson
(1966), and Yalin and Russell(1966). Figure 2
shows Kajiura's maximum C; in an oscillating
flow. C; increases with decreasing Reynolds
number R over a smooth bottom and with increa-
sing roughness size over a rough bottom. In a
natural ocean basin, the bottom surface con-
ditions are highly variable. Also, small changes
in bottom roughness may alter the vertical di-
stribution of the eddy viscosity. Horikawa and
Watanabe (1970) reported that the eddy visco-
sity attenuates with distance from the bed.
Further research is needed to understand wave
boundary phenomena for natural bottom con-

ditions.

NUMERICAL CALCULATIONS
The Yellow Sea is approximately 1, 000km
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Fig. 2. Kajiura's frictional coefficients in an oscilla-
ting flow; (a) for a smooth bottom, (b) for
a rough bottom.

long and 700km wide near the midpoint of its

long axis, and is a relatively flat basin with an

The SMB

method was employed to obtain surface wave

average depth of 40m (Fig. 1).

information. A square horizontal grid with dz
=4y=29km was used. At each grid point, the
significant wave height and wave period were
determined through equations (1) and (2) for
given values of wind speed, fetch length, and
mean water depth. The fetch length was defined
as the distance in the direction of wind between
grid point and shoreline. The mean depth was
obtained by averaging water depths along the
fetch. The wave length at each grid point was
calculated by equation (3) using an iteration
method. The wave number £ and the ratio of d/L

were determined. The maximum orbital velocity
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Fig. 3 a. Significant wave height (m) in the Yellow Sea for a northwesterly wind (313°, 40 knots).
b. Significant wave period (sec) for a northwesterly wind. ¢. Bottom orbital velocity (cm/sec)
for northwesterly wind. d. Bottom shear stress (dyne/cm?® for a northwesterly wind.
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just outside the bottom boundary layer was
calculated from equation (4) while the wave-
induced bottom shear stress was from equation
(5). Knowing bottom surface and fow condi-
tions, the frictional coefficient C; can be calcula-
ted using equations (6) to (9).

In the numerical calculations, a steady wind
with a speed of 40 knots (approximately 20 m/
sec) was assumed. This is a very strong wind
for the Yellow Sea. Wind directions of nor-
thwest (315°) and southwest (225°) were assumed
since they correspond to the two dominant wind
directions (Meteorolological Research Institute
1980). Because of the generally fine-grained and
smooth boffom of the Yellow Sea, the bottom
shear stress was calculated assuming a smooth
wave boundary layer; thus the frictional coe-
ficient C; was determined through eguations
(6) to (7). Additional calculations were made
and reported by Kang et al. (1984).

NUMERICAL RESULTS
Northwesterly Wind

The northwesterly wind is the most prevailing
wind in the Yeillow sea, during autumn and
winter (Figs. 3a-d). The significant wave
heights (Fig. 3a) range up to 5.5m while the
wave periods (Fig. 3b) range up to 9 seconds.
The ratio of water depth to wave length gen-
erally decreases with increasing fetch length.
Transitional and shallow-water waves appear in
most areas of the Yellow Sea Basin. The bottom
orbital velocities(Fig. 3¢) generally range | to
70 cm/sec. Along the west coast of Korean
Peninsula, particularly in the middle and southe-
rn offshore area, the velocieies are occasionally
over 70 cm/sec. In the middle of the basin, the
bottom shear stresses are in the range of 0.1
to 1 dyne/cm? (Fig. 3d).

Southwesterly Wind
Figures 4a through 4d show the results for

the southwesterly wind which prevails in

summer. Wave heights (Fig. 4a) range up to
5.5m while wave periods are up to 9 seconds.
Both wave height and period increase northea-
stward with increasing wind fetch. The larger
waves can be seen in the nearshore regions of
western Korean coast where the fetehes are
greater than in the other (China) side.

The bottom orbital velocities first decrease
northeastward as the depth increases and then
increase with decreasing depth (Fig. 4¢) In
the deeper parts of the basin (Fig. 1), the bo-
ttom orbital velocities become very weak (1
cm/sec) although the surface waves are large.
The strong velocity distribution can be seen
along the southwestern shore of Korea. In Fig.
4d, the bottom shear stresses follow the trend
of velocity distribution. They are very strong in

the near-shore regions of the Korean Peninsula.

DISCUSSION

Because of the shallow nature of the Yellow
Sea, wave action is relatively strong and is impo-
rtant in redistributing the sediments from the
rivers. For both the northwesterly and southwes-
terly winds, the wave action is always strongest
in the coastal regions of the korean peninsula.

Based on extensive textual analyses of Lake
Eric sediments, Thomas et al. (1975) have
shown that a mean grain-size distribution was
very closely associated with an energy distri-
bution, that is, hydraulic force exerted on
the bottom surface. High energy zone consists
of sand and gravel populations. representing
nondepositional and erosional environments.
Low-energy zone represents a depositional en-
vironment with dominant clay populations. The
zone between them consist of mixed populations
of sand and clay. As sediment mixing, resus-
pension, and transport are active, the surficial
sediments are shown increasingly in a textual
disequilibrium state.

In order to quantitatively relate the present
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Fig. 4 a. “Significant wave height (m) in the Yellow Sea for a southwesterly wind (225° 40 knots>.
b. Significant wave period (sec) for a southwesterly wind. ¢. Bottom orbital velocity (cm/sec)
for a southwesterly wind. d. Bottom shear stress (dyne/cm?) for southwesterly wind.



