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Objective Interpolation of the M: Tide in the East Sea®
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We constructed the tidal chart of M. tide in the East Sea (Japan Sea) by an objective method.
The sea level elevations at coastal stations are specified as Dirichlet boundary conditions, and the
tidal constants’inside of the East Sea basin are detetmined by the solution of the complex partial
differential equation for the sea surface elevation, We studied the influences of the bottom topography
and the tidal friction on the distribution of tidal chart inside of the basin, Using the results of

basin-wide tidal model, we constructed a detailed tidal chart of the M: tide off east of Korea,

Introduction

Tidal currents and tide-associated surface eleva-

tions are described by the Laplace tidal equation.
An analytic solution for the Laplace tidal equation,
with a consideration of actual bottom topography
and coastal geometry, is practically impossible.
. Quantitative studies on tides in actual situations are
usually made by numerical simulation techniques
using finite difference method or finite element
method. In the numerical simulations, one usually
: specifies the sea surface elevation at the open-
sea boundaries and applies a vanishing normal
flow condition at coastal boundaries. In addition
to. the requirement of a large computer time,
the nhrﬁerical simulation technique has another
disadvantage that the observed tidal constants
"at coastal stations are not directly entered in the
simulation, .

The harmonic method of tide is a po&erful and
simple method in studying tides in the ocean,
provided the tidal observations at coasts are suf~
ficient to specify boundary conditions. In the har~
monic method, the tide-associated currents and sea
surface elevations are assumed to vary sinusoidally
in time. In this case, as will be shown later, one
can obtain a complex partial differential eqiation

for the sea surface elevation, and the tidal cons-
tants inside of the basin are determined by the
solution of the boundary value problem. The tidal
currents can be computed from the informa-

tions of the surface elevation. The harmonic me-

thod has advantages that it requries only a small

computer time and the observed tidal constants at

coasts are directly used as boundary conditions.

The tidal charts for major constitutents of tides
in the neighbouring seas of Japan, including the
East Sea, were made by Ogura (1933). Ogura’s tidal
charts, which are based on the harmonic constants
at coasts, involved considerably subjective decisions.
The tidal charts in the same region were later
improved by Nishida (1980), but he did not state
the method by which he constructed the tidal
charts,

In this paper we present an objective method to
construct tidal charts using tidal constants at
coasts, The tidal charts are made by the solution
of the Dirichlet boundary value problem for the
sea surface elevation. We examine the effects of
bottom topography and the friction on the distri-
bution of tidal characteristics inside of the basin.

A knowledge on the tidal constants inside of the
basin are essential for modelling tidal phenomena
in a localized small area. Using the results of the
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basin-wide model as boundary conditions for the
local tide model, we constructed a local tidal chart
for the M, tide off east coast of Korea at fine
grids with a mesh size of 6.9 km.

Tidal Computation

1. Governing Equations

The linearized tidal equations of momentum and
continuity in an f-plane ocean are
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where t is -the time, # and v are the barotropic
zvelocitie_s to the x (eastward) and y (northward)
directions, respectively, £(x, y,£) is the sea surface
elevation, f is\_ the Coriolis parameter, g is the
gravity, r is a linear friction coefficient, and H
(#,y) is the depth of the ocean.
_We assume that u, v and { vary sinusoidall in
time. That is,
o u(%,3,8)=U(x,y) exp(iot)
v(%, y,8)=V(%,y) exp(iot) @)
t(x, 3, 8)=Z(x, y) exp(iot),

.were  is the angular frequency of tidal motion,
and U, V and Z are complex amplitudes. By using
(2), the equations (1) become
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From the first two equations of (3) we get
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By susbstituting U and V into the third equation
of (3), we get a partial differental equation for Z
only:
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where A and B are constants defined by
f
A=0r7 (6)
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When the values of Z at coasts are specified as
Dirichlet boundary conditions, the values of Z in-
side of the basin can be determined by the solution

of (6). -
2. Numerical Method

The surface elevation equation, (5), is approx-
imated by the finite difference method. Employ-
ing the central difference method for the deriva-
tives of elevations and depths, and using the “star-
5” rule for the Laplacian operator, the elevation
Z at (i, j)-th grid is represented in terms of
elevations at surrounding grids by

aZy, j=bZics, j 4+ €Ziyty j+dZy gt o2y (D
where subscripts i and j are grid numbers in x-
and y-directions, respectively, and @, b, ¢, d and ¢
are multipliers given by

a=2(4H~D?B)

b=2H—-DF+ ADG
¢=2H+DF - ADG
d=2H+ DG+ ADF
¢=2H-DG~-ADF

(center grid)

(left grid)

(right grid) ¢))

(upper grid)

(lower grid).

In (8), Dis a grid spacing, F=dH/3x, and G=
dH/ay. Since the depth and its derivatives differ
from grid to grid, the values of multiplier in (8)
differ from grid to grid.

The values of Z at interior grids can be found
by the iteration of (7). However, more efficient
convergence is achieved by the successive over-
relaxation (SOR) method (Gerald and Wheatley,
1984). The SOR iteration formula corrsponding to

(1) is
M = z! "*‘""(07-—!-J+"Zl+lv1+d[..;+l

+ezh J—l“alh l)(h) (9)
where superscripts (k) and (k+1) represent the
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iteration steps, and p is a relaxation factor.

3. Tidal Chart from complex
Amplitudes

From the complex amplitude of elevation, the
co-tidal and co-amplitude lines can be computed as
follows. The sea surface elevation, £(x,,¢), can
be expressed as

£(x, y, ) =Z(x, ydexp(int)

=1Z(x, y)]expli(wt - (%, y)], (10

where

12¢x, y)| = (2% + Z2)V2 (11)

#(x, y) =tan"'( = Zi/ Z,),
In (11), Z, and Z; are the real and imaginary
parts of Z(%,y), respectively. Co-amplitude lines
are constructed by following lines along which
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Fig.1. Rectangular grids used in tidal computation
of the East Sea. Open circles denote boun-
dary grids and dots denote internal grids.

CoN| (fathoms)

1Z(x, )| is constant. Co-tidal lines are described
by curves along which wt—¢(x, y) =constant, or
t(x, ) =¢(x, y)/0 + constant, 12)

4. Grid Scheme and Data

Tidal computations in the East Sea are made at
rectangular grids shown in Fig. 1. The grid spac-
ings are 1/3 degree in longitude and 1/4 degree
in latitude. We choose the reference latitude at
42°N, and the grid spacings in both x- and y-
directions are 27.5 km.

The amplitudes and phases at boundary grids

_(open circles in Fig. 1) are interpolated from the

tidal constants at coastal stations (Ogura 1933, Choi
1980). The complex amplitudes at interior grids

Bathymetry

Fig.2. Bathymetry of the East Sea. Depths in
fathoms.
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dots in Fig. 1) are computed by the SOR method
discussed above.

The data for the bottom topography at each grid
are read from a bathymetric atlas (Menard and
Chase, 1973). Fig. 2 shows a crude bathymetry
of the East Sea.

Tidal Charts

We studied the influences of the bottom topog-
raphy and the friction on the internal distribution
of tide in the East Sea. The effect of bottom
topography is studied by comparing the M. tidal
chart in a flat bottom basin and that in the basin
with the actual bottom topography. The effect of
f;'iction is studied by constructing tidal charts
associated with various values of friction coefficient.

1. Effect of Bottom Topography

The M. tidal charts in the East Sea for the
cases of a uniform depth of 1000m is shown in
Fig. 3 and that for the case of actual topogra-
phy is shown in Fig. 4. In both cases, the boun~
dary values used are the same and the friction is
assumed to be zero. The cotidal lines are in units
of lunar hour with respect to the moon’s passage
across 135°E meridjonal, and the co-amplitude
lines are drawn at every 10cm interval, except
the contour of 5 cm at the vicinity of the amphi-
dromic points. In both cases, there appear two
amphidromic points in the East Sea.

The bottom topography gives a considrable change
in the location of the amphidromic point in the
southern part, The southern amphidremic point
for the case of actual topography is located closer
to Japan than that for the case of flat bottom.
The northern amphidromic point for the case of
actual topography is located slightly closer to Sibe-
rian coast than that for the case of flat bottom.

The bottom topography gives a significant change
for the M: tide in the central part of the East
Sea. For the case of flat bottom, the cotidal line
of lunar hour 3 connects the Siberia and Japan
across the centralb portion of the basin (Fig. 3).
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Fig.3. The M; tidal chart of the East Sea for
the case of a constant depth of 1000 » and
no {riction. Cotidal lines are in lunar hours
and co-amplitudes are in cm,

But for the case of actual topography, the cotidal
line of lunar hour 3 passes along the Korean and
Japanese coasts.
2. Effect of Friction

Figs. 4, 5 and 6 show the M; tidal charts in the
East Sea with three different values of friction
coefficients: 0, 0.97 x107® sec™! (=//10), and 9.7
x 1075 sec™! (=f), respectively, where f is the
Coriolis parameter. In all of the three cases, we
considered the basin with the actual bottom topo-
graphy. Figs. 4, 5 and 6 show that, with an
increase of the friction coefficient, the amphidro~
mic point in the northern part moves toward Sibe-
rian coast and that in the southern part moves
toward Japanese coast. However, there is almost
no appreciable difference between the tidal chart
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M, Tidal Chart
H=H(x,y)
r =0.

z8&,

M, Tidal Chart
N H=H(x.y)
r=%110.
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Fig.4. The M, tidal chart of the East Sea for the
case of actual bottorn topograph and no
friction, . -

for the case of no friction (Fig. 4) and that for the
case with a reasonable friction coefficient of f/10
(Fig. 5). This shows that the friction plays only
a minor role in the distribution of tidal behavior,

inside of the basin.

3. Local Tidal Chart

We made a detail Mz tidal chart of the south-
western East Sea (33.9-38.8°N, 128.2-132.0°E).
The grid distances are 1/12 degree in longitude
(6.9 km) and 1/16 degree in latitude (6.9 km). The
amplituds and phases of elevation along Korean and
Japanese coasts are interpolated from the observed
harmonic constants at coastal stations (Ogura 1933,
Choi 1980), and those along the open-sea boundary
grids are interpolated from the results of the basin-

wide model (Fig. 5). The linear friction coeffi-

|
13de 135 140

Fig.5. The M. tidal chart of the East Sea for
the case of actual bottom topography
and a friction coefficient »=f/10.

cient is assumed to be 0.97 x 105 sec™! (=//10).

According to the local tidal chart, shown in Fig.
7, the M. tide in the southwestern part of the East
Sea are characterized wich an amphidromic system
rotating counterclockwise around the amphidromic
point. The amplitudes are large in the Korea Strait
and small in the northern part.

Discussion and Conclusions

In this paper, based on an objective method to
construct tidal chart, we studied the influences of
the bottom topography and the tidal friction on
the distributions of amplitude and phase of M:
tide inside of the East Sea. We compare our res-
ults with a previous M. tidal chart by Nishida (19
80), which is shown in Fig. 8.
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M, Tidal Chart
N H=H(x.y)
r r=f

A
140

Fig.6. The M, tidal chart of the East Sea for the
case of actual bottom topography and a
friction coefficient r=/.

Our results (Fig. 3, 4, 5 and 6) show that the
amphidromic points in the southern part of the
East Sea Is located closer to Japan than that by
Nishida (Fig. 8). In the Nishida's chart, there
appears a cotidal line of lunar hours 3 (phase angle
90°) connecting Siberia and Japan directly across
the central part of the basin, In our case, the
cotidal line of lunar hour 3 in the central of the
basin appears only for the case of hypothetical basin
with a constant depth of 1000m (Fig.3). When
the actual bottom topography is considered, the
cotidal line of lunar hour 3 does not directly con-
nect Siberian and Japanese coasts across the central
part of the basin (Fig.4,5 and 6).

The computed phase, 96°, at Ullungdo (37°30’N,
130°55’E) agrees exactly with the observed phase,
91°, But the computed amplitude of 5.7em at

st

U U — -
130°E 137°

Fig.7. The M, tidal chart off east coast of Korea,
for the case of actual bottom topography
and a friction coefficient r=//10, computed
at fine grids with mesh size of 6.9 km.

Ullungdo is larger than the observed amplitude of
4 cm (Uda, 1933). The reason for the discrepancy
between the computed and observed amplitudes is
not clear,

The distributions of cotidal and co-amplitude
lines inside of East Sea, associated with the same
boundary conditions at coast, depend on bottom
topography and tidal friction. Compared to the
case of flat bottom, the amphidromic points in the
northern and southern part for the case of actual
topography are located closer to Siberia and Japan-
ese coasts, respectively. With an increase of tidal
friction, the northern and southern amphidromic
points move slightly toward Siberian and Japanese

coasts, respectively.
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T . T
M, Tidal Chart

S0°- (Nishida,1980)
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Fig.8. M2 tidal chart of the East Sea drawn by

Nishida (1980).
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