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　　Abstract　　A three-dimensional ocean circulation model , called Princeton Ocean Model(POM), is employed to simulate t ides and

tidal currents in Liaodong Bay.The nested grid technique is adopted to improve the com putat ion precision.Computed harmonic constants
of m1 , M 2 tides at five tidal gauge stations and surface elevations at tw o oil plat forms are compared w ith those observed , and show good a-

greements w ith them.Based on the calculated results , the co-amplitude and co-phase lag lines of m1 and M 2 tidal const ituents , the residual
current field of M 2 constituent , tidal form , tidal current ellipse and the moving style of t idal current are given.It is found that diurnal tidal

const ituen ts have no amphidromic point whereas semi-diurnal consti tuents have one in the region of interest.Meanwhile , some meaningful

result s are concluded and presented , which are conducive to a thorough know ledge of the characteristics of tides and tidal cu rrents in the
Liaodong Bay.
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　　Liaodong Bay is the largest bight on the coast of
the Bohai Sea (BS , 37°07′—40°58′N , 117°32′—
122°10′E).In spite of the significance of it s geo-
g raphical position , Liaodong Bay has been of ten stud-
ied as one part of research on BS , and independent
descript ion of it s tides and tidal currents is relatively

rare.It is no doubt that the tidal w ave system of the

Liaodong Bay is one part of the BS tidal w ave system ,
but it still has it s ow n characteristics due to its unique

geographical posit ion.In addition , Liaodong Bay is
located on an active zone of Tanlu fault belt

[ 1]
, and

the local diast rophism is relatively sharp.In recent
years , enclosing sea and breeding aquatics coastw ise
further change the terrain and phy siognomy of the

Liaodong Bay , which inevitably impacts the local tide
and t idal current.As for the ecosystem , the of ten
eruptible red tides and other harmful alg al blooms

there[ 2] might also be associated w ith the local dy-
namic environment.Therefo re , taking Liaodong Bay
as a whole and perfo rming a thorough investigation on

i ts present tides and tidal currents are meaningful and

conducive to understanding the impact of tidal process

on material transport , variation of nutrient and phy-
toplankton , and zooplankton biological mass as w ell.

Although observ ations on the spot can ext ract re-

liable data , the cost of manpow er , inst rument and
t ime is too high to endure;furthermore , the number
of observation stations in the sea is limited , and every
station can only record the local surface height and

speed variations of tidal currents , and it cannot pro-
vide a comprehensive profile of the w hole region.
Therefore , in order to master the metabolic regularity
of tides and tidal currents , numerical simulation is
still a cheap and effective means.

Much w ork has been done for the numerical re-
search on tide and tidal currents.Due to the insuff i-
ciency of computational methods , init ial studies w ere
mainly concentrated on simplifying primitive equa-
tions o r prefabricat ing definite and simple boundary

conditions to obtain a t rue solution.Chen took

Liaodong Bay as an isobathic rectangular basin and

then resolved an amphidromic point of M2 and S2 con-
stituents[ 3] .With the improvement of computational
ef ficiency , especially since Pekeris and Accad[ 4] fi rst
publicized their computational results of the M 2 con-
stituent of the global ocean without excerpting any

observed data in 1967 , numerical model on tidal w ave
and current has been developed quickly.So far ,
POM , ECOMSED(Estuary and Coastal Ocean Mod-
el)[ 5 ,6] , HAMSOM (Hamburg Shelf Ocean Mod-



el)[ 7] and so on have been w idely applied to calculate
ocean circulation including tidal current.In China , o-
ceanog raphers also proposed some effect ive numerical

methods and made some progress:Yu[ 8] developed a
2-D primi tive equation model to simulate tidal move-
ment of BS;Dou[ 9] , Fang and Yu[ 10 ,11] developed a
3-D implicit baroclinic ocean circulation model by

adopting Alternate Direction Implicit (ADI)scheme
in the ex ternal mode , respectively , and applied it to
BS.Such models can not only improve the precision
but also enhance the computational eff iciency .

In this paper , we adopt the original POM to

simulate the local tides and tidal currents of the

Liaodong Bay.Because the nested grids technique is
employed , the computational precision is improved
acco rdingly .Based on the validation of calculated re-
sults , we give the co-amplitude and co-phase lag lines
of the main diurnal and semidiurnal tidal con-
st ituents , the tidal fo rm , the residual current field
and tidal current ellipse of M2 const ituent , as well as
the moving style of tidal current in the bay , and at-
tempt to explore its dynamic causes.

1　Numerical model

1.1　Description of POM

The numerical model used in this study is a

three-dimensional , primitive equation , ocean model ,
POM , which w as originally developed by Mellor.
This model incorporates a f ree surface for tidal simu-
lation and the M ellor and Yamada[ 12] level 2.5 turbu-
lence-closure scheme for parameterization of vertical
mixing.The M ello r and Yamada level 2.5 turbu-
lence-closure scheme may not be the most detailed
theory , but i t is indeed the most widely applied and
cited one for successfully achieving the combination of

the turbulence mixing theo ry and i ts parameteriza-
tion.The sigma and curvilinear coo rdinate t ransfor-
mations are used in the vertical and horizontal direc-
tion , respectively , which allow s a smoo th representa-
tion of the irregular bo ttom and coastal geome-
try[ 13 , 14] .Together w ith the turbulence sub-model ,
this model can produce realistic bottom boundary lay-
ers w hich are impo rtant in coastal waters

[ 15]
and in

tidally driven estuaries[ 16] .

The numerical scheme for solving the equations

of mo tion and continui ty uses the internal-ex ternal
mode spli tting technique:a semi-implicit scheme is
used for the internal mode computations , which can

give the vertical structure of the currents as w ell as

the turbulence quantities , and an explici t scheme is
adopted for calculat ing the surface heights and depth-
mean currents.The computat ions of the internal and
external modes are coupled w ith each o ther , and the
internal mode t ime step is alw ay s longer than the ex-
ternal mode time step.The internal and ex ternal
modes have dif ferent truncation errors so that the ver-
tical integ rals of the internal mode velocity may de-
part slight ly from the vertical mean of the ex ternal

mode veloci ty during a long integration.Therefore ,
the depth-averaged velocities of the internal mode are
adjusted to be equal to the velocities of the ex ternal

mode.

Our interests concentrate mainly on the

baro tropic process and variations of tides and tidal

currents of Liaodong Bay , so prognostic mode calcula-
tion is adopted in this study , which implies that the
variations of temperature and salinity are not taken

into account.

1.2　Application of the model

It should be noted that in this study we extend

the range of Liaodong Bay into the central basin of BS

so as to include all the marit ime space adjacent to

L iaoning Province in BS.The mean w ater depth of
the extended Liaodong Bay (for the ease of descrip-
tion , we would simply still call it Liaodong bay in the
follow ing descript ion)is about 25 m.The maximum
water depth is over 60m at the southernmost bound-
ary.Figure 1 show s that the area of the researched
region is about one third of that of the w hole BS;the
coast of Liaoning Province is its land boundary , and
two open boundaries are located on its south and

west , respectively .Both meridian and zonal grid

spacing are taken as 0.5′, and the magnitude of zonal
g rid spacing depends on its latitude.Ten layers are
applied to the vertical direction , and the ex ternal and
internal mode t ime steps are 6s and 180 s , respective-
ly .The velocity normal to the land boundary is set to
be zero.The surface height along the open boundaries
is given by interpolating computational results in large

area(BS)where the 5′×5′horizontal resolution is
adopted , and the velocity condition on the open

boundaries is obtained according to Orlanski radiat ion

conditions[ 17] .

Just as w e have mentioned above , in this paper ,
the nested g rid technique is applied to numerical cal-
culation , and the whole BS is divided into 58×48 or-

48 w ww.tandf.co.uk/ journals　Prog ress in Natural Science　Vol.15 No.1　2005



Fig.1.　Position of Liaodong Bay(shaded area in BS)and the dis-
tribution of five tidal gauge stations.1 , Big Linghe Estuary

(40°48′N , 121°31′E);2 , Calabash Isle(40°43′N , 120°59′E);3 ,

Yingkou(40°38′N , 122°09′E);4(39°56′N , 120°47′E) and

5(39°46′N , 120°38′E), oil plat forms denoted by SZ36-1B and

LD10-1-1 , respect ively.

thogonal g rids by 5′ho rizontal resolution.The open
boundary conditions of the BS are specified in the

form of sea surface elev ation ζ[ 18]

ζ=∑ f iHicos(ωi · t +(v +u)i -gi), (1)

where f i is the nodal factor that varies wi th time;t is
the time;v i and u i are the Greenw ich initial phase

and nodal co rrection , respectively;ωi is the tidal an-
gular veloci ty;g i is the phase lag;Hi is the tidal am-
plitude;and subscript i represents the tidal con-
st ituent.Eight main tidal constituents-K1 , O1 , P1 ,
Q1 , M2 , S2 , N2 , and K2 are input along the meridian

of 122°10′E as the open boundary conditions.The
Liaodong Bay is divided into 261 ×257 orthogonal
g rids , and the specif icat ion of tidal elevation along
open boundaries is similar to that in BS , except that
the harmonic constants are interpolated f rom the com-
puted results of large area.

2　Calculated results

2.1　Simulation of tidal heights

According to the theory of harmonic analysis of

tides , at least one-year' s data is needed to separate
the harmonic constants of main constituents belonging

to dif ferent sub-g roup[ 19 ,20] ;however , in view of the
comparatively small contribution of long term con-
st ituents to a sho rt term tidal prediction , separating
the main constituents pertaining to dif ferent g roups is

sufficient , so in practical operation , one month of
continuous data is usually chosen for a short term tidal

prediction.In the model , we set the initial condition as
u = v =w =ζ=0 , (2)

where u , v are the no rthw ard and eastward compo-
nents of the horizontal veloci ty , respectively ;w is

the vertical velocity;ζis the surface height.The
t idal model experiment runs 32 days in to tal , and the
fi rst tw o-days is discarded in the model to produce
stable results.The computed surface height and tidal
currents output at the interval of one hour in the re-
maining 30-days are applied to harmonic analysis.

Fig.2.　Computed co-ampli tude(dashed lines , unit:cm)and co-

phase (solid lines, unit:deg ree local) of tidal constituents in

Liaodong Bay.(a)Diurnal m1 t idal const ituent , the contour in ter-

val is 2 cm for amplitude and 10°for phase lag;(b)semidiurnal M 2

t idal const ituent , the contour interval is 20 cm for amplitude and 20°

f or phase lag.

The co-amplitude and co-phase of the model-pre-
dicted M 2 and m1 tides are show n in Fig.2.The
model results show that the main diurnal tidal con-
stituent(here indicated by the average of const ituent
K1 and O1)propagates anticlockw ise w hen it enters
the Liaodong Bay through the southern boundary.
The approximately 50°phase difference from south-
eastern coast (Dalian) to the northwestern coast

(Calabash Isle)takes about 3.45 hours for the crest
of tidal w ave to travel , which is similar to the com-
puted result by Yu

[ 8]
.Just like the diurnal tidal con-

stituent , semidiurnal constituent (here indicated by
M2)propagates anticlockw ise , too , which is deter-
mined by Coriolis effects.Unlike the diurnal tidal
constituent , Fig.2(b)clearly shows that the semidi-
urnal tidal consti tuent has an amphidromic point in

the Liaodong Bay , which is the result of superposit ion

49Prog ress in Natural Science　Vol.15 No.1　2005　w ww.tandf.co.uk/ journals



of incident and reflected t idal w aves[ 3] .In Ref.[ 3] ,
Chen also suggested that the number and position of

amphidromic points depend on the posi tio n , the
leng th and the depth of a sea area , the magnitude of
the friction coef ficient , and the angular velocity of
tidal const ituents.By simplifying the topog raphy and
boundary conditions of Liaodong Bay he obtained the

theoretical position of M2 tidal const ituent.It w as lo-
cated at 39°59′N-120°14′E which agrees w ell with

our calculated result:39°48′N-120°13′E.The ampli-
tudes of both m1 and M 2 tidal consti tuents increase to-
ward the end of the bay , but the extent is obviously
different:the amplitude of m1 tidal constituent is
about 14 cm at the southern boundary and reaches a

maximum of 33 cm near the northeast coast;com-
pared w ith that of m1 tidal constituent , the amplitude
concerning M2 tidal constituent changes quickly:at the
amphidromicpoint it is still zero but turns to as large as

132 cm at the end of Liaodong Bay according to our calcu-
lated results.

The 32 model-day s starts f rom zero o ' clock
M arch 1 , 2003 and ends at the midnight April 1 ,
2003.From zero o' clock M arch 3 , 2003 , the mod-
eled surface elevation and tidal currents were pro-
duced at an interval of one hour for the purpose of

harmonic analy sis.Table 1 show s the computed and
observed harmonic constants of main diurnal and

semidiurnal tidal constituents , although only five tidal
g auge stations (Fig.1)are available for us.In this
study , the m1 and M2 constituents as the representa-
tive of the main diurnal and semidiurnal constituents ,
respectively , are researched.By comparison , the
mean errors of m1 and M2 tidal amplitude betw een

computed results and observed results are 1.44 cm
and 2.48 cm , respectively , and the average differ-
ences of the m1 and M2 tidal phase lags are 2.5°and
3.14°, respectively.The compared results show that

the simulated tidal heights are w ell coincident with

the observed ones.

Table 1.　Comparison betw een the observed and computed amplitudes and

phase lags of m1 and M 2 tidal constituents at f ive observat ion stations
a)

Station

m1 tide

Observed value Computed value

H g H g

M 2 tide

Observed value Computed value

H g H g

1 32.0 73.5 31.7 75.6 116.0 145.0 116.0 149.3

2 31.3 81.2 30.9 81.1 96.1 150.1 93.6 154.0

3 33.0 77.0 32.5 73.1 125.5 143.1 128.6 139.6

4 23.0 79.3 24.3 75.0 34.2 129.6 29.9 127.1

5 15.2 75.7 19.9 73.6 12.8 85.3 10.3 87.0

　　a)m1=(K1 +O1)/2;(2)H represents ampli tude , unit:cm;g
represents phase delay , unit:°local.

　　In order to further verify our calculated results ,
the computed surface elevat ions f rom zero o' clock
M arch 4 , 2003 to 7 o' clock March 18 , 2003 are
compared w ith the contempo raneously observed val-
ues at tw o oil platfo rms.Fig.3(a)show s that at sta-
tion SZ36-1B , the simulated surface height is consis-
tent w ith the measured value very well at most com-
puting hours , although it might depart slightly f rom
the measured ones at some times , and the maximum
difference never exceeds 10 cm.The computed sur-
face height at stat ion LD10-1-1 is not as consistent
w ith the observed values as at station SZ36-1B , but it
reasonably reflects the variation of surface elevat ion

during that fortnight too.Furthermore , f rom Fig.3
we can conclude that the erro r is posi tive at some time

and negative at the others , which imply that the error
is system error , therefore our modeled results are reli-
able.

Fig.3.　Com pari sons betw een the computed surface elevat ion and
the observed values at(a)station SZ36-1B and(b)LD10-1-1 , re-

spect ively.

2.2　Tidal fo rm

The classif ication of the tidal form depends on

the value of the Tidal Form Factor F =(HK
1
+

H O
1
)/HM

2
, which indicates the relative importance

betw een semidiurnal tide and diurnal tide.Acco rding
to the magnitude of F , tide can be classified into four
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types:semidiurnal tide (0.0 <F <0.5), mixed
semidiurnal tide (0.5<F <2.0), mixed diurnal tide
(2.0<F≤4.0), and diurnal tide(F >4.0).

Figure 4 shows that F <2.0 in the majority of
Liaodong Bay except at the vicini ty of the am-
phidromic point w here the value of F is large due to

the tiny amplitude of M2 constituent.Therefo re , the
tidal form of Liaodong Bay fundamentally belongs to

semidiurnal tide;in addit ion , except the narrow re-
gion along the coast of Liaoning Province in w hich

semidiurnal tide predominates , most marine places are
under the control of diurnal tide.Comparatively spe-
cial cases occur at the contiguity of the amphidromic

point where the tremendous value of F does not come

from the increase of ampli tude of the main diurnal

tides(in fact , the value there is smaller than that
near the end of the bay), but f rom the sharp decrease

of the M 2 t idal amplitude.

Fig.4.　Tidal Form Factor F.The contour interval is 0.5.

2.3　Simulation of tidal currents

2.3.1　Study on the process of semi-diurnal tidal
currents　　In this section , M 2 as the principal semi-
diurnal consti tuent is simulated.Figure 4 shows dis-
tributions of computed M2 tidal current vecto rs over a

tidal cycle wi th a time interval of about three hours.
The w ater flushes into and in turn drains out of the

bay during flood and ebb tides.

From Fig.5 , we can also f ind that due to the
relatively large latitudinal span in the bay , the phase
of M2 consti tuent at the south boundary is far prior to

that near the northern coast , so w hen the w ater at
the entrance of the bay begins to ebb , the water near
the end of the bay is still in the state of flooding

(Fig.5(a)).Based on the same g round , when the
w ater at the entrance of the bay begins to flood , the

w ater near the end of the bay is still ebbing (Fig.5
(c)).Our computed results show that when the w a-
ter t ransforms whether f rom f lood to ebb tide o r f rom

ebb to the f lood tide , the maximum speed of the sur-
face current appears at the entrance of the bay , name-
ly , the southern boundary adjacent to the coast of
Dalian , and is approximately 80 cm ·s-1.In the
course of full f looding o r ebbing , the posit ion w here
the maximum speed occurs shift s northw ard to the

vicinity of the Fuxing isle , and its value is about
75 cm·s-1 at the time of the maximum flood or ebb.
The reason is obvious:when the w ater surrounds
such pro truding places as Dalian and Fuxing isle , the
w ater course narrow s , so the magni tude of currents
increases

[ 19]
.Our result is coincident with that by

Dou[ 9] who suggested the maximum speed of surface

of M2 tide in BS took place at the southeast of

L iaodong Bay and some other places.On the o ther
hand , the maximum speed w e calculated is evidently

less than that obtained by Dou whose result is as large

as 97 cm·s-1 in the sea-route of Laotie mountain.
One of the reasons for such discrepancy is that his cal-
culation started from June 8 , 1990 when the main
rivers (especially the Daliao River) in Liaoning

Province were in the state of having plentiful w ater;
whereas in our case , the majo rity of rivers were still
deficient in w ater , and a lit tle part of sea ice had not
melt , thus the different calculation eventually indi-
cates the different w ater depth used in the two models.

In addition , our model results show that during

the w ater transformation f rom flood to ebb , tw o f low
fields exist at the same time in the bay:to the north
of a particular latitude which is no t fixed , but de-
pends on time , the flow f ield is characterized by a

weak , anticlockw ise ebb-tidal circulation; to it s

south , a gradually increasing , clockw ise flood-tidal
current field appears.Just as w e mentioned above ,
large phasic dif ference exists betw een the southern

boundary and the northern coast , which means that
as the water at the southern boundary begins to ebb ,
the w ater inside the bay and adjacent to the southern

boundary is still in the state of flooding.Therefore , a
vertical divergence sect ion appears betw een them .As
t ime goes by , the divergence sect ion shif ts no rthw ard
and disappears near the northern coast , and then the
t ime of the maximum ebb sets in.The process of
f looding is similar , only a convergence but not a di-
vergence section appears betw een the ant iclockw ise

f lood-tidal current and the clockwise ebb-tidal cur-
rent.
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Fig.5.　Dist ributions of the su rface t idal current vector of M 2 tide at the t imes of(a)t ransforming f rom flood to ebb , (b)the maximum

ebb , (c)transforming from ebb to flood , and(d)the maximum flood.

　　The periodic process of M 2 tidal currents at the

mid-layer and bot tom-layer is similar to that at the
surface , only the magni tude is smaller and the maxi-
mum value decreases to 64 and 30 cm·s-1 , respec-
tively.Our calculated results show that the vertical

veloci ty is rather weak relative to horizontal velocity ,
and the max imum value is merely 0.2 cm·s-1 , and
the position is near the northeastern coast , which also
agrees with the computed results by Dou[ 9] .Such
small vertical velocities mean that the vertically tidal

mixing is very feeble in the bay.

From Fig.5 , we have noticed that the ebb-tidal
current is quasi-symmetric wi th the spring-tidal cur-
rent over a tidal cycle , which implies that the residual
current of M2 t idal constituent is weak.As a mat ter
of fact , our calculated results indicate that the average
speed of the residual current at the surface in the

w hole region is only 3 cm·s
-1
.Figure 6 show s that

M 2 consti tuent has several residual w ho rls in the bay ,
among which the most obvious is the one in the center

of the bay w here the relatively great depth g radient

exists.Because of the st rong non-linear property of
the shallow water , the asymmetry of the ebb-tidal
current and f lood-tidal current is evident , and this is
w hy a strong residual w horl appears.

Fig.6.　The residual current field of M 2 t idal constituent at the sea

surface.

2.3.2　Study on the process of diurnal tidal currents
Just as w e have done in the previous section , in this
section , K1 , as the principal diurnal constituent , is
simulated and studied.Figure 7 presents the synoptic
dist ributions of the computed K1 tidal current vectors

over a tidal cycle w ith a time interval of about six

hours.

Unlike the case of M2 const ituent , the posit ion
w here K1 tidal currents begin to ebb or flood is not on

the southern boundary , but on the w estern boundary
(Fig.7).Furthermore , no divergence section ap-
pears w hen K1 tidal currents begin to ebb;on the
contrary , a large continuous ant iclockwise circulat ion
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forms f rom the southern boundary to the western

boundary , and at the same time a whorl comes into
being near the northwestern coast.As time goes by ,
the w ater at the southern boundary begins to ebb too ,
and the intensity increases g radually , thus the ten-
dency of ant iclockwise circulat ion is w eakened , and
the t rack of the anticlockw ise circulat ion becomes

sho rt accordingly.During this process , the posit ion
of that w horl shif ts tow ard southeast , i ts scope be-
comes smaller , and when the maximum ebb sets in ,
the whorl disappears completely.The process of

f looding is similar ex cept that a clockwise circulat ion

f rom the western boundary to the southern boundary

fo rmed when K1 t idal currents began to f lood.

Fig.7.　Dist ributions of the su rface t idal current vector of K 1 t ide at the t imes of(a)t ransforming from f lood to ebb , (b)the maximum

ebb , (c)transforming from ebb to flood , and(d)the maximum flood.

　　Compared w ith that of M 2 constituent , the max-
imum ho rizontal speed of K1 tidal currents at the sur-
face is about one half of the former and might be as

large as 45 cm·s-1 near the southern boundary , and
the magnitude of vertical veloci ty is one o rder smaller

than the fo rmer.Therefore , just like the tidal form ,
semidiurnal tidal current is also predominant in the

Liaodong Bay.In view of the lit tle significance of the
residual current of K1 const ituent , we do no t discuss
i t in detail here.

2.4　Moving style of tidal current and tidal current
ellipse

The moving sty le of tidal current is defined by

the value of elliptic rotation rate(K)of the tidal cur-
rent , and K equals the ratio of minor axis to majo r

axis in a tidal current ellipse.Commonly , the value of
0.25 is enacted as the division:when K >0.25 , tidal

current displays the property of strong rotation;when
K<0.25 , the moving style of t idal current belongs
to the rectilinear movement.Just as we have specified
above , semidiurnal tidal current is predominant in the
concerned sea area , so our interest is mainly concen-
t rated on the rotary property of M 2 consti tuent here.
Figure 8(a)gives the distribution of ro tation rate of
M2 tidal current , and the sign prior to K denotes the

direction of rotation:positive sign represents clock-
wise rotation and negative sign represents anticlock-
wise rotation.In most area of the bay , K is less than

0.25 , so rectilinear f low dominates in the bay;never-
theless , four principal clockw ise w ho rled regions near
the coast of Jinzhou , Dalian , and at the center of the
bay as w ell as Bohai basin , are also obvious , and they
are the results of Co riolis effects in the north hemi-
sphere.A remarkable anticlockwise w horl also occurs

at the center of the bay w here the shallow w ater re-
gion marches w ith the deep w ater region so that in-
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terferential function of tidal w ave is def initive.

Figure 8(b)show s the distributions of major ax-
is and minor axis of M2 tidal current ellipse at the sur-
face.The majo r axis denotes the maximum current

speed and its direct ion.The dist ribution of major axis
of M2 tidal current ellipse is closely associated with

the local terrain:in the rectilinear flow region , the
major axis indicates southwest-northeast direction ba-
sically;in four principal w horled regions , major axis
indicates southeast-northw est direction.When tidal

w ave enters the bay f rom the southern boundary , its
ultimate tendency is tow ard the end of the bay , so the
southw est-northeast major axis is predominant.On
the o ther hand , not all t idal w aves going through the
southern boundary are tow ard northeast , one branch
turns to right immediately and then is divided into

tw o sub-branches:one goes southeastward entering
Jinzhou bay and the o ther no rtheastw ard entering

Fuzhou bay.A similar case occurs when the tidal

w ave goes through the western boundary:the majori-
ty proceeds along the no rtheast-southw est direction;a
small part turns to left and spreads tow ard the north-
ern coast , and then turns northeast w hen i t is close to
the coast.In addition , major axis of inshore current
is almost parallel to the coast.

Fig.8.　Dist ribution of (a)rotation rate of M 2 t idal current (the

con tour interval is 0.10), and(b)major axis as w ell as minor axis

of M 2 t idal current ellipse at the surface.

3　Conclusion

In this paper , we employ the POM to simulate

the tide and tidal currents in the extended Lioadong

Bay.Comparisons between the computed and ob-
served harmonic constants of main diurnal and semidi-
urnal tidal constituents at five tidal g auge stations ,
and the calculated and measured surface heights at

two oil platforms , can verify the reliability of our cal-
culated results.Therefo re , although POM is an ocean

model , it is obviously able to be applied to such in-
shore area as Liaodong Bay .

Numerical simulation of tide and t idal currents is

carried out as one part of research on ecosy stem dy-
namic in Liaodong Bay .Therefore , we mainly focus
the study on the dynamic process.Our calculated re-
sults show that the semidiurnal tidal constituent has

an amphidromic point near the northwest coast

w hereas the diurnal tidal constituent has none.Com-
pared with the diurnal case , both the semidiurnal tide
and tidal current are predominant in the bay.The
st rong M 2 tidal current appears on the southern

boundary , and in the inner of the bay , especially near
the no rthern coast , it is rather w eak.Although rect i-
linear flow dominates in the bay , four main clockw ise
w horls are evident , and an anticlockwise w ho rl ap-
pears at the common boundary of shallow w ater and

deep water.In view of the deficiency of the observed

data , we compare our results with those obtained by
Dou[ 9] and Wang[ 21] , respectively , and they are fun-
damentally coincident.The comprehensive know ledge
concerning tidal process in Liaodong Bay is conducive

to the research on the impact of physical process on

the local ecosystem.
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