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Observed and Computed Tidal Currents in the East China Sea

Byung-Flo Choi

Dept. of Civil Engincering, Sungkyunkwan University, Suwon 170

WO el BN B SR

# ® 2
WHIHERE 1A I EL

Abstract: The three-dimensional hydrodvnamic numerical model of the Yellow Sea and the East
China Sea has been further utilised to provide S, K,, O, tidal currents distribution in addition to
previously provided M, tidal current distribution (Choi, 1984:, especially the vertical variation of
horizontal current in the region. Model results have been compared with current meter data ac-
quired from recent China-USA Marine Sedimentation Dyamics Programme (Larsen and Cannon,
1983). Results were also used to provide maps of the S, K, O tidal current constants and tidal

ellipses at three depths to complement previous M, tidal current information.
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INTRODUCTION

The three-dimensional hydrodynamic num-
erical model has a grid resolution of 1/5°
latitude by 1/4° longitude and covers the entire
Yellow Sea and the East China Sea continental
shelf. This is the same grid system as that used
in the two-dimensional shelf model of Choi
(1980). The hydrodynamic equations used in
the model are linear with the exception of a
quadratic bottom friction. Solutions are obtained
by Galerkin method with an expansion of cur-
rents through the vertical water colum in terms
of simple cosine functions.

The numerical techniques are based on model-
ling efforts at the Bidston Observatory (Heaps,
1972; Davies, 1980). The developed three-
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dimensional model of the East China Sea was
previously utilised to reproduce the three-dimen-
sional current structure of the M, tide repre-
senting the dominant tidal condition of the
region (Choi, 1984).
the major Constituents of the tides S., K,

In the present study

0, including the dominant tidal constituent
M, were investigated from the extended model
run. Tidal constants of M, S,, K;, O, tides
deuced from the shelf edge of existing charts
(Ogura, 1933) and a limited number of analyses
of coastal and island tidal records are introduced
along the open boundaries of the medel. The
mean values used for deuction of individual
constants were Hs,/Hy,=0.4, Ks,~Ky,=35°,
and Hp,/Hx,=0.7, Ky, —Ko,=20°. The model
was run for 17 days and harmonic analyses for
cach of the model clements were performed

over 15 days of hourly data after discarding
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the first two days of data to allow the damping
out of transients.

The computed results were compared with
current measurements from USA-China Marine
Sedimentation Dynamics Study (Larsen and
Cannon, ]1983).

found between the observations and model

Reasonable agreement was

results, thus supporting the computed distri-
bution of the tidal currents in the region.

NUMERICAL MODEL
The equations of continuity and motion for
homogeneous water neglecting non-linear terms.
shear in the horizontal and the direct influence
of the tide-generating potentials, may be written

in spherical polar coordinates as
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X,¢ east-longitude and north-latitude, res-

pectively
z depth below the undisturbed surface
t time
é elevation of the sea surface above the

undisturbed level
h undisturbed depth of water
p the density of sea water
R the radius of the Earth
7 Coriolis parameter (y=2w sing)
® angular speed of the Earth’s rotation
g the acceleration due to gavity
u,v the east-going and north-going com-
ponents of current at depth z
N coeflicient of vertial eddy viscosity.
(2) and (3) for
&, u and v, the appropriate boundary conditions

In order to solve Eqs. (1),

at the sea surface and sea bed have to be spe-
cified.
For tides, the surface condition is
ou \ _ ov \ _
~p( N5 Jo=o(N 5, )o=0,

with the subscript zero denoting at z=0. As-

(4a, b)

suming a slip boundary condition at the sea
bed (2=%) and using a quadratic law of bottom
friction yields,

(N X V=Kt rnd . G)
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744
where K is the coefficient of quadratic bottom
friction, taken as constant.

Expanding the two comoponents of velocity
u.v in terms of m depth-dependent functions
f.(2) (the basis functions), and the horizontal-
space and time dependent coefficients A, (X, ¢, £)
and B, (X, ¢, t) gives:

w2 0)=5 A, .1 f.(2), ()

v (L. 96.:.1):}'; B, (1, ¢,0) f.(2). o)

Using the Galerkin method in the vertical
space domain, Eqs. (2) and (3) are multiplied
by each basis functions f, and integrated over
the region 0 to A with respect to z. By inte-
grating the term involving the vertical eddy
viscosity, boundary conditions (4a,b) and (5a,
b) can be incorporated, giving
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where £=1,2, .-, m. From ELgs. (8) and (y)
the bottom boundary conditions occur in thesec
equations as products with f,(&) and therefore
if this product is to nonzero, thc¢ f, must be
chosen such that

Se(h) =0 {10)
for k=1,2, -, m,

For the choice of basis functions f,(z), Davies
(1980) has show that an expansion of only 10
cosine functions is sufficient to accurately repro-
duce the depth variation of current and has
applied such an expansion to the compuatation
of the M, tide of the North-West European
Continental Shelf.

In the present study adopting the expansion

of 10 cosine functions with f, given by
b4 . .
fi=cos @y arn;

and a suitable choice a, is

a={(r—D=x, r=],2,-- m. (12>
in which case

fHor=0, g
and

S (h) =0, (14
where

S/ =df,/dz.
The particular case in which the vertical
eddy viscosity N is independent of depth coor-
dinate z is considered. The f, given by Eq.

(11) are eigenfunctions of
d
7; {N(Xs ¢7 l) f"(z)} = _z(xs ¢1 t) fr(z)

(15)

with eigenvalues 2, (X, ¢, 1) given by
L@, =NX¢,1) a’/h. 16)
Integrating by parts the terms involving N
in (8 and (9), wusing (15), (16), (13) and
(14) and substituting expansions (6) and (7)
into (8) and (9) gines a set of partial differ-
cntial equations involving & Ar and Br.
Details of the formulation were given by Davies
(1980) and will not bec restated here. These

equations can then be integrated forward through

time to find tne variation of &, Ar and Br over
the modelled sea areca, subject to initial and
boundary conditions. Currents at any depth can
be calculated from the Ar and Br using expan-
sions (6) and (7). In order to solve the equa-
tions it is necessary to discretize in the hori-
zontal and with time. Discretization in the
horizontal is accomplished by using a staggered
finite-difference grid, in which &, u« and v are
evaluated at different grid points. Solutions are
gencrated from a state of rest, expressed by
t=Ar=Br=Qatt=0, (r=1,2,---,m) (A7)

Along a closed boundary the normal com-
ponent of current 1s set to zero. for all >0,
thus

Ar cos ¢+ Br sin =0, (r=1,2,--,m),
(18)
where ¢ denotes the inclination of the normal
to the direction of increasing X.

Along the open boundaries of the model, A,
S.. K, and O, tidal input determined from the
two-dimensional model (Choi, 1980) is specified
and a radiation condition is employed 1o allow
disturbances from the interior of the model to
pass outward. This condition involves a prescri-
bed relation between the total normal component
of depth-mean current ¢ and total elevation £

given by:
g=gr+ 5 (6—¢€n) (19)

where ¢=(gh)!”2. The change in sea surface
elevation &7, arising from the i* tide denoting
M, S, K, and O, tides is given by:

&r=H,; cos [oit—«r) (20)
and

gr=0; cos lo; t—7i}. (21)
In Egs. (20) and (21) H; and Q; denote the
amplitude of ;¢4 tidal elevation and the ampli-
tude of the normal component of depth-mean
:th tidal current respectively. Also, #; and 7,
denote the phase of ;th tidal eveation and the
phase of the normal component of depth-mean

,th tidal current. These values were derived pre-
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viously in computing the distribution of the
M, S;, K, and O, tides in the East China Sea
Continental Shelf with a two-dimensional model.
Using Eq. (19) with & and q; determined
from (20) and (21),
around the edge of the continental shelf may

the depth-mean current

be computed. However Eq. (19) gives no in-
formation on the contribution of the various
terms in the expansions to the depth-mean
current. It is necessary to make an assumption
about the contribution of each term in expans-
ions (6) and (7) to this depth-mean current.
The assumption made was that only the first
to the

current at the continental shelf edge. Thus A!

term in each expansion contributed

and B, are given by

4= 9 B=1(a=1 [\ @)
(22)
and
Ar=Br=0, (r=2,3,---,m). (23)

where ¢, and ¢, are respectively the » and v
components of depth-mean current given by
(19). Heaps (1972) has shown that above
assumption does not severely affect the computed
current profiles within the three-dimensional

region.

MODEL RESULTS

Eight current measurements in the modelled
region came from current meter positioned in
Fig. 1. As shown the current meter rigs were
mainly concentrated across the continental shelf
edge along approximately 32°N. A detailed
description of results from the measurements is
given by Larsen and Cannon (1983).

In order to make comparison between com-
puted and observed currents, it is necessary to
compare amplitudes and phases of the # com-
ponent (easterly component) and z component
(northerly component) of current. Computed
and observed values of amplitude H (cm/sec.)
and phase K (degree referred to 135°E) for u
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Fig. 1. Position of current meter rig.
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Table 1. Comparison of observed and computed amplitudes (cm/sec.) and phase k (degree referred
to 135°E) for u and v component of S, tidal current.

t

Observed

Current | Position : “
meter | (Latitude | o v
rig  {Longitude)i H { 3 | H 3
M2 31.40 N 33 176 33
122.37 E
M4 31.25 N 17 119 21 359
©1122.82 E 11 143 22 360
M5 32.00 N 17 144 18 40
124.50 E
M7 30.33 N 14 111 17 14
123. 44 E 7 143 10 18
SB 28.91 N 5 38 4 247
127.25 E
MS 30.52 N 12 85 10 342
124.80 E 9 66 9 329
SDS 31.46 N 6 61 10 331
123.50 E
CM7 28.65 N 16 72 10 307
125.45 E

60

Calcuiated

depth | * Y depth
H | k H &

4 33 17 26 69 surface

2 26 173 17 53 surface

44 14 167 8 45 bottom
20 2 150 20 53 | mid-depth

5 13 164 14 12 surface

60 7 160 7 355 bottom

177 5 7 2 291 bottom
23 17 | 132 11 | 4 | middepth

45 10 127 6 3 bottom

bottom 13 159 10 | 55 | bottom
20 8 92 7 | 310 | mid-depth

Table 2. Comparison of observed and computed amplitudes (cm/sec.) and phase %
to 135°E) for « and v component of K; tidal current.

(degree referred

i I T
Current | Position u Observed v | . Calculated .
meter | (Latitude : depth | ___i depth
rig |Longitude)l g I, (g 1 4 H |+ | H E
i ] i | i
M2 3.0 N| 10 348 10 29 4 6 | 328 ¢ 9 279 | surface
122.37 E | |
M4 31.25 N 3 1 314 11 301 2 5 3% | 7 294 | svrface
{12282 E 5 | 242 9 | 342 44 2 | 333 4 292 | bottom
‘M5 32.00 N 5 69 8 | 324 20 9 ! 354 11 260 | mid-depth
124.50 E
M7 30.33 N| 21 336 17 | 261 5 3| 343 2 247 | surface
123.44 E 2 | 297 3 38 60 2 | 340 1 252 | bottom
SB 28.91 N 1 238 2 155 177 1 26 I | 229 | bottom
127.25 E |
MS 30.52 N 6 339 8 270 23 4 348 5 | 242 | mid-depth
124.80 E 3 322 4 315 45 3 348 2 | 241 | bottom
SDS | 3L46 Nl 3 | 213 3 | 350 | bottom 3| 350 5 | 274 | bottom
23.50 E i
CM7 | 28.65 N 3 1 270 2 | 140 20 2 | 237 2 | 146 | mid-depth
125.45 E | 1

and v at eight current meter rigs are given in
Tables 1-3. It is seen from the tables that
general agreement between the observations and
model results has been demonstrated. It is worth
mentioning that positional discrepancy between
the current observation points and nearby model
calculation points could be in error by as much

as 0.2 degrees. Initial calculations were made

at three representative depths in the present
study although the model could compute a con-
profile with depth. Spatial

distribution of coamplitude and cophase lines

tinuous current

for u and v components of S, K,, O, tidal cur-
rents at sea surface, mid-depth and sea bed are
shown in Fig. 3. ~Fig. 8. It is seen from the

figures of cophase lines that there are nodal
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Table 3. Comparison of observed and computed amplitudes (cm/sec.) and phase k (degree referred

to 135°E) for z and v component of O; tidal current.

' o ( )
Current | Position | Observed “ Calculated |

mater | (Latitude ; v depth | “ v i depth

rig Longltude)‘ H ‘ P ( H “ & H & I H |k i

M2 | 3L40 N 11 291 100 260 4 4 | 219 | ] 228  surface
122.37 E i 1

M4 3.25 N 4 212 9 266 2 3, 281 7 250  surface

_ 122.82 E 5 169 4 265 44 2 203 4 246 bottom

M5 32.00 N 5 17 8 277 20 8 ' 314 10 218 mid-depth
124.50 E| ;

M7 3.3 N 15 284 9 215 5 2 | 298 2 242 | surface
123.44 E 1 155 3 340 60 11 202 ! 243 bottom

SB 28.91 N! 1 270 1 235 177 1 340 1 244 hottom
127.25 E}

MS ! 30.52 N 4 340 6 250 23 3 330 3 231  mid-depth
| 124.80 E. 3 345 4 268 45 2 331 2 231 bottom

SDS : 31.46 N 3 218 3 263 | bottom 2 314 4 233 bottom
123.50 E, |

CM7 | 28.65 N 1 140 2 12 20 2 131 2 43 mid-depth
125.45 E|

points on the shelf, where either the « or
component current is zero. Significant phase
change through depth may occur in the vicinity
of these nodal points because the position of
these nodes varies from sea surface to sea bed.

For S, tidal current, amplitude difference of
20~30cm/sec. for u component and 10cm/sec.
for v component between sea surface and bottom
oceur in Hangzhou Bay, Inchon Bay and Secohan
Bay. Phase difference of about 30° for « com-
ponent and 10°~20° for v component between
sea surface and bottom occur throughout the
modelled region except a u nodal point at the
shelf.

For K, tidal current, amplitude difference of
10~15cm/sec. for # component and 5~10cm/
sec. for v component between sea surface and
bottom occur in the southern part of Liautung
Gulf and seas adjacent to the east of Jeju
Island. Phase difference of 10°~20° for « com-
ponent and 5°~10° for v component between
sea surface and bottom throughout the shelf.
Large phase difference occur near the u modal
points in the offshore of mid-Chinese coast,

offshore of southwestern tip of Korea, southern

part of Hangzhou Bay and several # nodal
points along the shelf edge. Large phase differ-
ence also occur v nodal point near the Pohai
Strait.

For O, tidal curreni, amplitude difference
of 10cm/sec. for u component and 5~10cm/sec.
for v component between sea surface and bottom
occur at the Pohai Strait and shelf -edge near
Kyushu Islands. Phase difference of 10°~15°
for u component and 5°~10° for v component
between sea surface and bottom occur throughout
the shelf. Large phase difference for ¥ comonent
occur near offshore of mid-Chinese coast and
offshore of southwestern tip of Korea. Signifi-
cant phase difference of both « and v com-
ponent of Oy tidal current occur in the central
region of East China Sea shelf.

Magnitudes and directions of the principal
axes of the S, K; O, tidal current ellipses
at the sea surface, mid-depth and sea bed are
given in Fig. 9~Fig. 11. The sense of rotation
of the current vector is shown by the very
small tick mark at the end of a line which in-
dicates the position of current vector at the

time of lunar transit at 135° east longitude.
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Fig. 3(a).

Fig. 3(b).
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Fig. 3. (c).

Fig. 3. U-component of the $;, K and O tidal currents at the sea surface.
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Fig. 4(b}.
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Fig. 4. V-component of the S, K; and O, tidal currents at the sea surface.
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Fig. 5(c).

Fig. 5. U-component of the 8, X, and O; tidal currents at the mid-depth.
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Fig. 6. V-component of the S;, K; and Oy tidal currents at the mid-depth.



B.1. Choi

68

T{a).

Fig.

i
7
o

U COPOMENT OF 1y TioA ComeNT |\ 3

PHASE - SEA 96D

C

Fig. 7(b).



Tidal currents in the East China Sca 69

\\w\ el

4-COMPONENT OF Oy TIDAL CURRENT
BPLITYE - SEA MO

Fig. 7{c).

Fig. 8(a).



70 B.1L Chot

| 7l
i PR NN
5. N\
. ra
v-COPONENT OF & TIDAL CoeNt i
SPLITIOL - SEA BED |
J,J

Fig. 8(b).

V-COPONENT OF Oy TIDAL CURRENT
gvum - SEA 80D

Fig. 8(c).

Fig. 8. V-component of the S; K; and O, tidal currents at the sea bed.
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Fig. 10. Computed principal axes of the K; tidal ellipses.

These ellipses give an overall impression of the
magnitude and direction of the S, K and O,
tidal currents distribution representing the
maximum and minimum velocities as major and
minor axes respectively.

It is worth noting from the S, tidal ellipses
chart that rotating current patterns in the
lower part of the East China Sea are in good

agreement with speculation of Ogura (1933).

In near coastal areas, elongated major axes
indicates the current is rectilinear. Highest sur-
face S, tidal currents computed are of the order
of 50cm/sec. in Inchon Bay, Hangzhou Bay.
in the estuary of Yalu (Seonhan Bay) and
Changjiang Rivers. S, tidal currents generally
rotate counterclockwise in the Gulfs of Liau-
tung and Pohai, Sechan Bay, the west coast of

Korea, southern part of hantung Peninsula,
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Fig. 11. Computed principal axes of the O, tidal ellipses.

south coastal waters of Korea, Hangzhou Bay
and the northern sea area of Taiwan. &. tidal
currents rotate clockwise in the Pohai Strait,
in the lower part of the Yellow Sea and over
the East China Sea.

It is seen from diurnal tidal ellipses charts
that highest surface currents computed are of
the order of 25~4Ccm/sec. for K, tidal cur-
rent and 20~30 cm/sec. for O, tidal current
in the Pobai Strait, COffshore of southwestern
tip of Korean Peninsula and the shelf edge
region off the Kyushu Islands. Both K, and O,
tidal currents rotate counterclockwise in the
Yellow Sea, the upper region of line connecting
the estuary of Changjiang River and south-
western tip of Korean Peninsula except the
northern part of the Shantung Peninsula and
part of the Seohan Bay. Both K, and O, tidal
currents rotate clockwise in the lower part of
the above-mentioned line covering the whole
East China Sea shelf.

CONCLUDING REMARKS
A three-dimensional tidal model for the Yel-
low Sea and the East China Sea has been for-

mulated 10 compute a continuous representation
of the current from the sea surface to the sea
bed. The three-dimensional model was applied
to the Yellow Sea and the East China Sex
continental shelf, and the results were uscd
to provide maps of the major tidal current
constants at three depths. The general agree-
ment between the current observations and
computed currenis is presented. Further nume-
rical experiments for model improvement em-
ploying varying vertical eddy viscosity and
variation of bottom friction coefficients are being
performed in conjunction with extensive field

measurement programme.
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