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Variation of the M2 tide amplitude around the Jeju-Do
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Abstract

The amplitudes of the M2 tide recorded at Seoguipo and Jeju are 77.9 cm and 70.1 cm respectively,
which differ by 7.8 cm over a distance of 30 km across the Jeju-Do. The difference is an example of the
geographical variation of the tidal amplitude around the Jeju-Do, the larger amplitude being along its
southern coast compared with that along its northern coast. This variation can be explained in terms of
effects of an island on the wave propagation as modelled by Proudman (1914). A numerical experiment
of the M2 tide around the Jeju-Do reproduces the basic pattern of the observed variation and results are
consistent with the theory. Due to the rotation of the earth larger and smaller amplitudes result along
the left-hand and right-hand coasts of an island for an observer facing the direction of the wave pro-

pagation in the northern hemisphere.

et
AFrs g 7tz
- 23 5%

P N

TAAYL g7t RelFE
T+ oAHe A qlaled zAals} Addsie

ul
[~

A A E oL AFgoll 4 7155l M2z o WEe 2zl
30kmel Aelol s sleivieh, oleia
siololl A= =2 2ol Wl g ool Proudman(1914) 2] o] &3 7o miwd
shol Ashob 4ol Slstol gtaksie Az Sl @S An

Aol Hsh4g Aesoln, oW AAse AnE welch
e wiabum] Ao 1% £)2E st

77.9cm& 70.1em &4 7.8 cm2] zpol7}
Atels A Fol A FE o] G siglel 4

F gl

A
a

T

ALo|, 28] 2EZ 2§ sdold s AfHoz 2 HEo| el g}

INTRODUCTION

Propagation of tidal waves around the
Jeju-Do (Island) produces interesting sea level
variations along its coast. Ogura (1933) shows
that the M2 tide propagates progressively
from the southeast to the northwest around
the Jeju-Do and Choi (1980) reproduced the
same pattern in a numerical model. Fig. 1
shows that the amplitudes of the M2 tide
measured at seven locations differ quite sig-
nificantly with a range of 61.2-77.4 cm. It can
be noticed that the variation of amplitude de-
pends upon the geographical location of tidal
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measurements. At two sites on the southern
side of the island the amplitude appears with
the large magnitudes of 77.0 cm and 77.4 cm.
On the other hand the lowest amplitude, 61.2
cm, is recorded at the northeastern corner of
the island and the amplitudes are relatively
small along this part of the coast. In consist-
ence with this geographical pattern, ranges of
the spring tide are 261 cm at Seoguipo and 243
cm at Jeju, and those of the neap tide are 194
cm and 183 ¢cm respectively (Hydrographic
Office, 1982).

Since most of the M2 amplitudes and the
spring and neap tides are estimated based
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Fig. 1. Variation of the M2 tide around the Jeju-Do.
Upper and lower numbers are amplitude in cm and phase
in degree refered to 135°E measured at Jeju(l),
Whabukri(2), Sewha(3), Udo(4), Seoguipo(5),
Whasun(6), and Chagui-Do(7). Data are from
Choi(1980).

upon relatively short tidal records of less than
one month, it is obvious that longer records
are needed to ensure the estimates. At present,
long-term data are available only at Jeju and
Seoguipo, where measurements started 1964
and 1985 respectively. We have analyzed the
six-month data from these stations and resuits
are summarized in Table 1. Encouragingly
enough, the M2 amplitudes at Jeju and
Seoguipo in Table 1 are nearly the same as
shown in Fig 1. It is important to note in
Table 1 that other main tidal constituents also
record larger amplitudes at Seoguipo than at
Jeju by 10% or more, implying that the dif-
ferential variation is not limited to the M2
tide. Details of our analysis will be published

Table 1. Tidal constants at Jeju and Seoguipo cal-
culated from the sea level data taken during January-
June 1985 (phase referred to 135 °E).

Jeju Seoguipo

Com- Period Amplitude Phase Amplitude Phase

ponent (hour) (cm) (degree) (cm) (degree)
Ol  25.819 16.3 199.1 17.5 189.2
K1 23.934 21.9 219.2 23.9 208.4
N2  12.658 15.7 299.5 17.2 283.6

M2 12.421 70.1 315.1 77.9 291.4
S2 12.000 29.4 347.9 35.0 319.2
MK2 11.967 7.9 333.7 10.1 309.2

separately later.

As another means to supplement the short
records we also examine results of the numeri-
cal model by Choi (1980), who showed that
the M2 amplitude increases towards the south-
ern coast of the Korean Peninsula as a general
trend in the area (Choi, 1980; Fig. 6).
However, Choi (1980) made no specific at-
tempt to understand the detailed, regional
variation around the Jeju-Do. We construct a
co-tidal chart for seas around Jeju-Do based
upon the data from the model by Choi (1980).
In Fig. 2 the amplitude of the M2 tide along
the southern coast of the Jeju-Do is consist-
ently larger than that along the northern
coast. It should be noticed, however, that nu-
merical results of the M2 amplitude around
the Jeju-Do are in general substantially larger
than the observed values shown in Fig, 1, al-
though the model simulated general features
of tides in thie Yellow Sea and the East China
Sea. It is of importance that the difference
between the amplitudes along the southern
and northern coasts of the Jeju-Do is opposite
to the general trend of the increasing amplitude
towards the southern coast of Korean Penin-
sula from the East China Sea. This contrast
makes one suspect that the observed variation
of the M2 amplitude around the Jeju-Do
might be an effect of the island on the propa-
gation of the tidal wave.

Kang (1984) made an analytic model of the
M2 tide near the Jeju-Do in terms of incident
and scattered waves. According to this analy-
tic model an amplification of the tide occurs
along the northeastern coast and a reduction
along the southwestern coast, the results being
inconsistent with the observations. Kang
(1984) vaguely attributes this discrepancy to
the deviation of the model geometry from the
island coast, non-uniform topography and the
scattering effect by the southern coast of the
Korean Peninsula. However, it does not seem
that any of these would affect the wave propa-
gation so drastically to explain the observed
variation. The coast of the Jeju-Do is shaped
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Fip. 2. Co-tidal chart based upon results of numerical experiment by Choi (1980). Solid and dotted lines indicate
amplitudes in cm and phases in degree refered 10 135 °E. Numbers in squares around the Jeju-Do are the amplitudes at grid
points near the Jeju-Do. The tilted boundary indicates the boundary for numerical experiments in this study.

very close to an ellipse as approximated by
Kang (1984), the Jeju-Do rises very sharply
from a nearly flat bottom, and the southern
coast of the Korean Peninsula should not af-
fect the wave propagation near the Jeju-Do as
much as the Jeju-Do does.

This paper concerns the dynamical cause
for the variation of the M2 tide around the
Jeju-Do which is yet to be understood. We
briefly examine the theoretical work by Pro-
udman (1914), who first investigated the ef-
fect of an island on the propagation of a plane
wave. Then numerical models are constructed
for two kinds of incident waves; one for a
plane weve and the other for the M2 tide with
the open boundary condition adopted from

Choi (1980). Theory, numerical experiments
and observation are compared each other in
details.

THEORY

For a rotating water of uniform depth with
a constant angular velocity , Proudman
(1914) considered the diffractions of a plane
wave by objects whose linear dimensions are
small compared with a wavelength, near the
objects themselves. For our study it is worth-
while to examine the solution for the case of
an elliptic island. According to Proudman
(1914) the elevation of a free surface is given
by
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k£ Ce®
€=- Uz_zw: {o’cosh (& - a) — 4 w’sinh
(¢—a)} (lcosp+msiny) 2.2)

for the primary wave described by
¢r=cosir (Ix+my)+ot}, (2.3)

where the dispersion relationship is given by
k*=(0’-44?)/gh and 1° + m?=1,040 and
0% 2w. Here the cartesian coordinates (x,y) are
related to elliptic coordinates as follows

x =C coshécosn, y=C sinh&sin 7

where C is a focus distance and the shore of
the island is given by £=a.

To delineate the effect of the scattering we
can rewrite Eq. (2.1) as

=14 A)cos(ot—€), (2. 4)

where A is the amplitude of the scattered
wave, given by

A=S (&) sin(ng—a). (2.5)

S(£) represents the part which varies with £
only and e specifies the propagation direction
of the primary wave such that

S(g)=229%C uee 2.6)
c - 4w
and 1= —cosa, m=--sinaq. 2.7)

The amplitude of the scattered wave is ex-
pressed in Eq. (2. 5) as a multiplication of two
separate effects; one which varies with the
distance from the island and the other which
depends solely upon the angle with respect to
the propagation of the primary wave. To il-
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Fig. 3. Theoretical amplitude-phase diagram for the
M2 tide around the circumference of the Jeju-Do. Upper
and lower axis are the normalized total amplitude and
that of the scattered wave. Amplitude is the same as that
of the incident wave at 7- =7 and 7-a= 0 which are the
arrival and departure points of the tidal wave. Maximum
and minimum of the tidal amplitude occur at 7-a=x/2
and -7/2 respectively.

lustrate the effect of the scattering we con-
struct an amplitude-phase diagram (Fig. 3),
which defines the theoretical relationship be-
tween amplitude and phase along the circum-
ference ot the Jeju-Do. The diagram is for the
following parameters which are chosen to
compare the theory with numerical experi-
ments later in this paper. In our case 2w is
equal to the Coriolis parameter at 33°20'N, o
the frequency of the M2 tide. The wavenum-
ber « is determined by the dispersion relation-
ship for the water depth of 75m, and C and a
are taken from Kang (1984) who approx-
imated the Jeju-Do as an ellipse.

2w=0.8025x10 *sec™"
o =1.4051x10 *sec™’

K =4252%X10"% cm™!
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C =3.12%10° ¢m
a =0.524

Making use of Eqs. (2. 2) and (2. 5) it can
be easily shown that the closed contour in Fig.
3 is an ellipse. From the phase it is noticed that
the arrival and the departure points of the
wave at the shore are 7=a-+ 7 and 7= «, and
the amplitude at these points is the same as
that of the primary wave. The two particular
points divide the circumference into two
parts. Along one half where 0<75 — a <x the
amplitude is larger than that of the primary
wave. Along the other half where 0> p—a >~x
it is smaller than that of the primary wave. The
amplitude reaches its maximum aty ~ a = n/2
and its minimum at » ~ ¢ = — 7/2. The mag-
nitude of the amplitude of the scattered wave
relative to that of the primary wave is 0.19 in
case of the Jeju-Do. It is most interesting that
the amplitude-phase diagram is antisymmetri-
cal with respect to the wave propagation as far
as the amplitude of the scattered wave, A, is
concerned, as it varies with the sine function
of the angle measured from the direction of
the wave propagation in Eq. (2. 5). The anti-
symmetry is also apparent in case of the dif-
fraction of a plane wave by a circular island
(Proudman. 1914; Eq. 16).

NUMERICAL MODEL

The vertically averaged equations of con-
tinuity and motion in the sea of constant den-
sity, incorporating a quadratic bottom fric-
tion, take the following forms.

at o o

2L, 2 2 (Hy) = 1
at+ax(Hu)+ay( v)=( (3.1)
Qu , Qu , Ju ku (u®+v?) '
at+”ax+va v+ q

+ 28 g (3.2)

tide amplitude 175

24 21,2
i\i+u§X+’ vﬂ*l' fu-+ k\___w__(u tv)

ot ax ay H
o¢

+
gay

=0 (3.3)

where the notations are

X, Y : horizontal cartesian co-ordinates,

time,

elevation of the sea surface,

undisturbed depth of water,

total depth of water (h +¢),

Coriolis parameter,

coefficient of bottom friction,

acceleration due to the earth’s

gravity,

components of current in x and v,

respectively,

u, v : components of the depth-averaged
current given by

u=%‘[ u’dz, v——f v'dz

The Eq. (3. 1), (3. 2) and (3. 3) are written
into finite difference forms, following Flather
and Heaps (1975), excluding the advective ac-
celeration terms for simplicity, and using a
spatial grid notation as shown in Fig. 4.

OQW"'H:E:T’-’W"'

LAY -, (t) 1

— - o=

At AS (u, ()
—dioy (Due, (W Fe,n (v p (1) —e (v, ()}

(3.4)

i+ AU

_ {§i+1(t+At)-
& AS
_ku (tHAY fuf () + r (9}
d,; (1)

(3.5)
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veltr At = vily)

Y = — s, (t-+ At)
: AS
_ kv, (1+At) {sit)+vi()?
ei<t)
(3.6)
where
AS=Ax= Ay
d, =% (H1+Ht+l). 9:2% (H1+Ht+n)
r, ='i‘ (Vt—n+vt—'n+1+vt+vt+l)
1
Sy =—4_ (Ui—l+ui+ui+n‘l+ui+n)

In order to solve these equations we need
both initial conditions and boundary condi-
tions. The calculation is started from a state
of rest E=u=v=0, at t=0. At land
boundaries the component of current normal
to the boundary is set to zero. Along the open
boundary of model the elevation is specified

i-n-1 i-n -0+
i-1 i-1 i i i+l
O + o] “+ o
i-1 i i+l
‘a3 > )
itn- itn- i i i+n+l
AY Oun I Jisn | Onn 1itn O' n
\Lim—l vion Viﬂ')fl
Yyv i - -
s X
o elevation point
Xsu X y-point
+ u-point

Fig. 4. Grid scheme for numerical experiments.

as
E)=Z coslgt—G)

where Z is the amplitude and G the phase.
Then the component of current across the
open boundary is calculated using the con-
tinuity equation. At a convex corner of the
open boundary, each component of current is
extrapolated based on Taylor series expan-
sions from the known interior values follow-
ing Flather and Heaps (1975).

The finte difference grid used for the model
with bathymetry is shown in Fig. 5. The grid
size is 5 km and the array has 51 x 58
elements. The x-direction of the model is tilted
14 degrees counterclockwise from the east in
order to resolve the shape of the Jeju-Do well.
The Coriolis parameter and the bottom fric-
tional coefficient are taken to be constant as
f=8.025 x 107 sec”! and k = 0.0026, respec-
tively.

In all numerical experiments the period of
incident waves is set to 12 lunar hours to
simulate the propagation of the M2 tide. For
the first experiment the depth is assumed con-
stant at 75 m and an incident wavc is directed
to 154 degrees measured counterclockwise
from the east. Along the open boundary a
constant amplitude of 100 cm is assumed and
the phase is specified according to the pro-
pagation of a shallow water wave in a rotating
frame. For the second experiment a realistic
topography as shown in Fig. 5 with the max-
imum depth of 122 m is introduced, and the
amplitude and phase along the open boundary
are adopted from the model of the M2 tide in
the Yellow Sea and the East China Sea by
Choi (1980). In all experiments the time-step
of 1/40 of one lunar hour is chosen to satisfy
the explicit stability condition and steady
states are achieved after 10 lunar periods. Dif-
ferences in the elevation and the velocity of
the 11th period run at several test grid points
compared with the 10th period run are less
than 0.1 cm and 0.1 cm/sec respectively. Fol-
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Fig. 5. The finite difference grid of the sea around the Jeju-Do with bathymetry (depth in meter). Domain is tilted 14°

counterclockwise from the east to resolve the Jeju-Do well.

lowing results are obtained by the Fourier
analysis of the 11th period run.

MODEL RESULTS
A Plane Wave

The distribution of the phase and ampli-

tude of the M2-period wave is presented in Fig.

6a and b. Away from the Jeju-Do the phase
lines are nearly parallel to each other in accor-
dance with the propagation of the plane wave
specified along the open boundary. Near the
Jeju-Do, particularly around the northeastern
and southwestern shores of the island, the
phase lines are bent to conform to the curved
coastline. Upon the arrival of the wave on the
southeastern shore of the Jeju-Do it pro-
pagates separately along the northern and the

southern coasts, and merges on the other side
of the island after the completion of its pro-
pagation around the island.

Fig. 6b shows the deviation of amplitude
from the incident wave, which is very useful to
examine the effect of the Jeju-Do. It is easily
noticed that the effect of the island is limited
around the Jeju-Do, extending about the dis-
tance of the size of the Jeju-Do from its shore.
The effect appears as a pair of positive and
negative deviations off the southern and
northern coasts. The shore of the Jeju-Do is
also divided into two parts associated with the
deviation. Extreme positive and negative de-
viations occur at the southwestern and north-
eastern shores. This pattern of the amplitude
and phase variation is consistent with the
theoretical amplitude-phase diagram shown in
Fig. 3. It is also worthwhile to compare the
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Fig. 6. Phase(a) and amplitude(b) distribution for the
plane, incident wave. Positive and negative deviations of
the amplitude from the incident wave with magnitudes
greater than 5 cm are dotted and shaded for convenience.

results of the numerical model with the theory
quantitatively. It is noticed that the extreme
deviations of 17.0 cm and -18.5 cm are nearly
of the same magnitude in agreement with the
theory. Furthermore, the deviations are very
close to the theoretical estimate based upon
Eq. (2. 6). As can be seen in Fig. 3 the magni-
tude of the scattered wave amplitude for the
parameters given in Theory is 19.0 cm,
which is compared very favorably with the
numerical results.

The good agreement between theory and

the numerical experiment deserves more dy-
namical explanations for the differential
variation of the amplitude. As pointed out by
Pedlosky (1979, p74), the plane wave is not in
geostrophic balance and the current vector of
the wave traces an ellipse, as can be seen in
Fig. 7, away from the Jeju-Do. However, near
the island, particularly along the coastline, the
current is parallel to the coast and rectilinear
due to the boundary condition. As the cross-
shore component of the current vector is neg-
ligibly small, the Coriolis force due to the
long-shore component of the current vector in
the cross-shore component of the momentum
equations (Eq. 3. 3) is balanced by the pres-
sure gradient force except for the friction.
This dynamics are very similar to the case of
the well-known Kelvin wave, in which the geo-
strophic balance produces a sloping sea sur-
face. During a flooding period current flows
in the direction of the wave propagation and
the sea level rises to its right. For an observer
facing the direction of the wave propagation,
this produces a higher and lower sea level on
the left-hand and the right-hand coasts of the
island as shown in Fig. 8. On the other hand,
during an ebbing period the current reverses

AXIS OF CURRENT ELLIPSE
T+ 0 {im/s)

e [a]
—-——
————
jv L
e

Fig. 7. Major and minor axis of current ellipse. Ar-

rows indicate clockwise rotation of current vectors.



Variation of the M2 tide amplitude 179

Fiocc

A NS o

Eob

o by ey

(<
Q)
&)
@

e

Fig. 8. Schematic cross section of the sea level at high
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direction of currents. Dotted lines are the sea levels
without the rotation of the earth.

its direction, opposite 1o the direction of the
wave propagation, and for the same observer
as during the flooding period the geostrophic
balance produces a lower and higher sea level
on the left and the right of the island. As the
net effect of this temporal change the ampli-
tude is larger and smaller on the left-hand and
the right-hand coast of an island, facing the
direction of the wave propagation, which hap-
pens to be the southwestern and northeastern
coast of the Jeju-Do. Obviously this differen-
tial variation is not possible without the rota-
tion.

It is also noticed in Fig. 6b that the ampli-
tude increases toward the southern coast of
the Korean Paninsula. Since the amplitude
along the open boundary is fixed at 100 cm,
the amplitude tapers towards the eastern and
northern ends of the southern coast. Due to
this tapering the variation of the amplitude
along the southern coast with a maximum de-
viation of about 15 cm looks rather similar to
that around the southwestern shore of the
Jeju-Do. It seems to be clear that the larger
amplitudes on the southern coasts of the Jeju-
Do and of the Korean Peninsula are of same
dynamical origin as illustrated in Fig. 8.

The M2 Tide

The purpose of this experiment is to €x-

amine the detailed variation of the M2 ude
around the Jeju-Do. Since there are no tidal
or current data observed in the open sea for
the use of specifying the open boundary con-
dition, we rely on the numerical model by
Choi (1980), who has been successful in simu-
lating major features of the tides in the Yellow
Sea and the East China Sea. Specifing the
boundary condition in this way, it should be
remembered that the model by Choi (1980,
Table. 1) produced the M2 amplitude around
the Jeju-Do larger than the observed ampli-
tudes. Therefore we know a priori that our
model will also produce relatively large ampli-
tude. However, the overall overestimation
should not affect the spatial structures of the
phase and amplitude variation which are the
main concern of our investigation.

In Fig. 9a the tidal wave first arrives at the
southeastern shore of the Jeju-Do, and
progresses to the west along the northern and
the southern coasts separately. Before leaving
the island the wave along either side of the
island merges at the northwestern shore. As
for the variation of the amplitude around the
island it is noticed in Fig. 9b that the ampli-
tude on the northern coast of the island is
significantly smaller than that on the southern
coast with the minimum of 76. 1 ¢cm and the
maximum of 94.4 cm at locations indicated in
Fig. 9b. Examining the isoplethes of the am-
plitude, particularly those of 90 cm and 80
cm, we find that the effect of the Jeju-Do ex-
tends half the channel between the island and
the southern coast of the Korean Peninsula to
the north and about a distance equivalent to
the size of the Jeju-Do to the south. A meri-
dional section of the amplitude along a jine in-
dicated in Fig. 9b is very useful to look into
the major spatial variation. From the north-
ern coast of the Jeju-Do the amplitude in-
creases rapidly towards the southern coast of
the Korean Peninsula and reaches as high as
120 cm (Fig. 10) which is much larger than the
maximum on the southern coast of the Jeju-
Do. Then it may be natural to ask the quation:
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why are the maxima not the same? From Eq.
(2.6) we can show that the amplitude of the
scattered wave takes the following nondimen-
sional form

2w/0 C

S . —

(& )oc 1- 2w/o)* L
where L is a length scale of the primary wave
such as L = 1/«.For given w,s and L, the am-
plitude S(§) is proportional to C that repre-
sents the size of the island. Since the southern

coast of the Korean Peninsula is longer than
that of the Jeju-Do, the amplitude on the
former should be larger accordingly. On this
regard it should be pointed out that unlike the
experiment for the plane wave the open
boundary conditon itself specifies larger
amplitude towards the Korean coast. This
boundary condition and the dynamics of wave
propagation make isoplethes near the south-
ern coast of Korean Peninsula nearly parallel
to the coastline.

In theory it is well known that the scale of
the trapping for an infinite coastline in a con-
stant-depth ocean, corresponding to the rapid
increase of the amplitude towards the south-
ern coast of the Korean Peninsula, is deter-
mined by the radius of deformation, (gh)*/f.
1f we apply this criteria in our case, the trap-
ping distance is 340 km for h =75 m.
Therefore the effect of the larger amplitude
on the southern coast of Korean Peninsula
may extend to the south beyond the Jeju-Do
which is distanced about 100 km from the
Peninsula. Hence, if there were no effect of
the Jeju-Do on the wave propagation, the
amplitude of the M2 tide on the northern
coast of the Jeju-Do would be larger than that
on the southern coast of the island. In fact, we
can easily interpolate isoplethes of the ampli-
tude near the Jeju-Do from its far field in Fig.
9b. The interpolated section shown in Fig. 10
clearly indicates the gradually decaying effect
of the southern coast of the Korean Peninsula.
Because of this effect the difference between
the amplitudes on the northern and the south-
ern coast of the Jeju-Do is less than what it
might be in the absence of the southern coast
of the Korean Peninsula. If the Jeju-Do were
significantly smaller than its actual size, i
would scatter the wave with a much smaller
amplitude and its effect could be easily buried
in the large scale slope.

DISCUSSION

Performing the numerical experiment with
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Fig. 10. Variation of the amplitude from (he numerical experiment of the M2 tide along a meridional section indicaled
in Fig. 9. Douted line is a sea level if there were no effect of the Jeju-Do.

all nonlinear terms in Egs. (3. 2) and (3. 3), we
obtained again the phase and amplitude of the
M2 tide, almost identical with Fig. 9. The
results imply that the contributon of nonlinear
terms are minimal in the area of our investiga-
tion as far as the phase and amplitude distri-
butions are concerned.

For comparison with the theory we con-
struct two amplitude-phase diagrams; one for
numerical data from the experiment of the M2
tide and the other for the observed data pre-
sented in Fig. 1. The shape of the diagram for
the numerical experiment (Fig. 11) is very
close to the theoretical one shown in Fig. 3.
This diagram by itself is sufficient to demon-
strate that the theory by Proudman (1914) is
adequate to explain the scattering of the tidal
wave by the Jeju-Do.

In Fig. 12 the observed phase increases in
an orderly manner along the northern and
southern coasts in consistence with the propa-
gation of the tidal wave around the Jeju-Do.
But the variation of the observed amplitudes
does not appear to fit into an ideal amplitude-
phase relationship, because of the low ampli-
tude at the Chagui-Do (location 7 in Fig. 1).
However, if we exclude this low value, the
observed relationship is not far from the theo-
retical one. It is obvious that more data are re-
quired to resolve the shape of the relationship.

Fig 3. and 11 show that over a wide coast-

line the amplitude is close to its maximum and
minimum. In other words the extreme ampli-
tudes are not very sensitive to the geographical
locations. Based upon this we may try a quan-
titative comparision utilizing available data.
In Fig. 12 we notice that the amplitude at
Seoguipo (location 5) and Whasun (location
6) are almost the same. Therefore we take the
amplitude at Seoguipo as an estimate of the
maximum. For the minimum we may choose
the amplitude at Sewha (location 3), because it
is smaller than the amplitudes at Whabukri
(location 2) and Udo (location 4). Then the
difference between the estimates of the max-
imum and the minimum is 16.2 cm, a little less
than 18.3 cm which we obtain in the numerical
experiment. However, the two differences can
not be compared directly, since the amplitudes
of the incident wave are not the same. The
amplitude of incident wave for the numerical
experiment can be estimated to be about 85
cm in Fig. 11, whereas for the real sea Fig. 12
suggests nearly 70 cm. If 70 cm were the inci-
dent amplitude for the numerical experiment,
we should expect a difference of 15.1 cm.
Then the observed difference of 16.2 cm and
the expected difference of 15.1 cm are com-
pared very favorably with each other.

Fig. 12 is also very useful to understand the
reason why Kang (1984) reproduced the phase
fairly well, but the amplitude very poorly. A
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clue for the poor representation of the ampli-
tude can be found in the co-range chart pro-
ducted by Kang (1984), in which locations of
maximum and the minimum amplitudes of the
M2 tide on the coast of the Jeju-Do are inter-
changed contrary 10 observations. Other than
the misplacement of the extreme amplitudes
the pattern of the amplitude variation near the
Jeju-Do (Kang, 1984, Fig. 5) looks very much
like Fig. 9b. It is found that a term involving
the Coriolis parameter in Eq. (2.8) of Kang
(1984) has a *‘plus’’ sign instead of a ‘*minus”
sign. This is equivalent physically to inves-
tigating the same problem in the southern
hemisphere where the direction of angular
velocily of the earth is opposite to the gravity.
As the Coriolis force acts to the left of motion
in the southern hemisphere, the positive and
negative deviations of the amplitude appear
opposile to the case of the northern hemi-
sphere. This is the reason why Kang (1984)
found the maximum and the minimum of the
M2 amplitude on the northeastern and the
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Fig. 12. Amplitude-phase diagram for the data shown
in Fig. 1. S and 1 indicale data obtained at Seoguipo and
Jeju.

southwestern shores of the Jeju-Do res-
pectively. For the phase variation, it was coin-
cident that Kang (1984) reproduced the phase
with little difference between his model and
the observations, because the phase variation
is independent of the direction of the rotation
(see Eq. (2. 2)). The observed orderly varia-
tion of the phase around the Jeju-Do also
helps to minimize the difference.

CONCLUSIONS

The amplitude of the M2 tide along the
southern coast of the Jeju-Do is significantly
larger than that along the northern coast. To
investigate this phenomena we examine the
theoretical model by Proudman (1914), wl.o
considered the diffraction of a plane wave by
various coastal geometries, one of which was
an elliptic island. Due to the Coriolis force the
amplitudes larger and smaller than the inci-
dent amplitude appear on the coast to the
right and left of the wave propagation, respec-
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tively, in the northern hemisphere.

Results of a numerical experiment with a
plane incident wave agree very well with the
theory. Another numerical experiment with
open boundary conditions adopted from Choi
(1980) reproduces the maximum amplitude on
the southwestern coast and the minimum
amplitude on the northeastern coast in con-
sistence with observation. The pattern of the
amplitude-phase diagram of these experiments
is very close to that produced theoretically, in-
dicating that the observed amplitude and
phase variations of the M2 tide can be explain-
ed in terms of scattering of the wave as
modeiled by Proudman (1914).
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