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Abstract — This study analyzed the current meter records
along with wind records for over 500 days obtained in the
Kangjin Bay, South Sea, Korea spanning from March, 2003 to
Nov. 2005. Various analyses include descriptive statistics, harmonic
analysis of tidal constituents, spectra and coherence, the principal
axis, progressive vector diagrams. These analyses can illustrate
the response of residual current to the local wind resulting in the
net drift with rotational motion. Current speed ranges from -28
to 33 (cmsec), with standard deviations from 6.5 to 12.9 (cmy/sec).
The harmonic analyses of the tidal current show the average
form number, 0.12 with semi-diurnal type and the recti-linear
orientation of the major axis toward northeast. The magnitudes
of the semi-major range from 12.7 to 17.7 (cm/sec) for M2
harmonics, while for S2 harmonics, they range from 6.3 to 10.4
(cm/sec), respectively. In the spectral and coherency analysis of
residual current and wind, a periodicity of 13.6 (day) is found to
be most important in both records and plays an important role in
the net drift of residual current. The progressive vector diagrams of
residual current and wind show two types of behaviors such as
unidirectional drift and rotational motion. It was also found that
3 % rule holds approximately to drive 1 (cm/sec) drift current
by 30 (cm/sec) wind speed based on the correlation of the semi-
major axis of wind and residual current.

Key words —current, tidal harmonics, spectra, principal axis,
progressive vector

1. Introduction

Intensive field measurements and realtime monitoring
of the hydrographic, current and meteorological conditions in
the Kangjin Bay, South Sea were carried out for the
period of Sept., 2003 to Aug., 2006 and have produced an

*Corresponding author. E-mail: royoungj@cnu.ac.kr

unprecedented amount of datasets for this study. Detailed
report can be referred to Ro (2006). Among those, current
meter and Automatic Weather System records of over
508 days are subject to various analyses to find out the
tidal and residual current characteristics in terms of basic
statistics, harmonic analysis, spectral characteristics, principal
axis of residual current, and wind. The database provides
a rare opportunity to characterize dynamical characteristics as
well as wind and tide variations’ impact on the local fishery
and ecosystem dynamics, particularly for the large-arc
shell (Scapharca Broughtonii).

Previous studies for the tidal current and its residual
current in the Kangjin Bay (hereafter KB) have not been
carried out yet to the author’s knowledge. However, several
studies are noteworthy for the relevant information in the
neighboring water bodies such as Chang et al. (1993) and
Cho et al. (2002) for the circulation and stratification
condition and DO concentration in the Jinhae Bay, Cho ef
al. (1993) for the circulation and material flux in the Deuk
Ryang Bay. Lee er al. (2006) investigated the current
measurements to investigate the tidal characteristics as
well as long-term residual current in the Kwang Yang Bay
in which Lee ef al. (2005) and Park ef al. (2005) made
numerical modeling of the water quality.

Numerous studies have been made to investigate the
tidal residual currents in the coastal and estuarine environments
throughout the world. Among those, some are most relevant
to this study. Ou ef al. (1980) analyzed the subtidal current
fluctuations in the Middle Atlantic Bight using spectral
and coherence estimates. Yasuda (1980) and Yanagi (1983)
investigated the residual currents in the Tokyo Bay in the
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Fig. 1. The Kangjin Bay in the South Sea with bottom topography. Current meter mooring and meteorological AWS at Station 1.

early 80’s. Liu (1992) investigated the influence of episodic
weather events on tidal residual currents in the Sebastian
Inlet, Florida. Many investigators carried out numerical
modelings to understand the mechanism for the generation
of the residual current (Kashiwai 1984; Guo and Yanagi
1996; Cai et al. 2003; Marinone and Lavin 2005; Foreman
et al. 2006). Low frequency and subtidal characteristics in
the Delaware coastal current was investigated by Wong
(1998) in that spectral and coherency characteristics were
examined. Valle-Levinson and Matsuno (2003) investigated
the tidal and subtidal flow in the East China Sea.

The objectives of this study are as follows;

1) characteristics of tidal current in terms of tidal ellipse
parameters in Section 3,

2) spectral and coherency characteristics of residual
current and wind in Section 4,

3) principal axes of the residual current and the influence
of local wind on the net drift of the residual current in
Section 4.

2. Material and Method

In carrying out the KB Project (Ro 2006), intensive
field work had been carried out to collect the hydrographic
and hydrodynamic conditions such as water temperature
and salinity, current speed and direction; meteorotogical
parameters such as wind speed and direction, solar irradiance
and humidity, efc. The current meter records produced
from March, 2003 to July, 2006 amount to 508 day-worth
data by using Aanderraa Current Meter (RCM 9). Among
those, current records of periods over 17 days without
interruptions and malfunctioning are chosen for detailed
analysis in this study. These long-term current records
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Table 1. Specifications for the tidal record collected in the
Kangjin Bay during year 2004-2005.

Record # Start date End date Length (days)
1 2004-03-22 2004-04-11 20.6
2 2004-04-16 2004-09-22 158.8
3 2004-11-09 2005-04-11 153.5
4 2005-04-24 2005-08-14 112.0
5 2005-09-03 2005-11-06 63.96

over more than five months without interruption in the
coastal waters provide a very rare opportunity to investigate
the various characteristics of coastal currents in terms of
tidal and non-tidal dynamics. During the periods of
current meter records, records of wind speed and direction
were simultaneously obtained in situ by using Aanderraa
AWS at the height of 9 (m) above sea level (Fig. 1).

The details of the current measurement records in the
KB are summarized in Table 1. For the analysis of the
current records, data quality check was pre-processed to
eliminate any possible noises by conventional statistical
screening method. Velocity decomposition is made in
terms of north-south (v) component and east-west (u)
component and then each record are subject to various
analyses. Fig. 2 show the time series of current records
listed in Table 1 where, in general, the semi-diurnal tidal
oscillation modulated by neap-spring tidal cycle is
obvious and other non-tidal and sub-tidal components are
inherent.

To investigate the characteristics of coastal current,
several analysis methods were adopted in that 1) Current
meter records were subject to harmonic analysis to estimate
tidal constituents and tidal ellipse parameters were estimated
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Fig. 2. Time series of the raw current meter records in the
Kangjin Bay for the Record #2, 4. Blue(black) line
represents v(u)-component of the velocity.
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Fig. 3. Time series of the residual current in the Kangjin Bay for
the Record #2, 4, shown in yellow color. Thick black lines
represent band-passed residual current speed multiplied
by a factor of 2.

based on the classical technique (Foreman 1978) and Matlab
program package provided by Pawlowicz et al. (2002) was
useful. In Section 3, the results of harmonics analysis will
be described, 2) after detiding the current records by
subtracting the tidal harmonics estimated, residual current
records (Fig. 3) were prepared for further analyses in
which 3) spectral and coherence characteristics, 4) principal
component axis (hereafter, pca) of current and wind, 5)
progressive vector diagram were investigated. Spectral
and coherency analyses were carried out by using classical
methods based on FFT algorithm by Blackman and Tukey
(1958) and Jenkins and Watts (1968). Smoothing was
applied to the tidal residual current by using Lanczos
band-pass filters with cutoff periods of 3 and 30 days.
Number of weights used in filtering exceeds 211 data
points which correspond to 7-day worth data to insure
satisfactory response function of weights used (Duchon
1979). The smoothing would help to understand the behavior
of residual drift current with rotational motion in association
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Fig. 4. Time series of the corresponding wind records in the
Kangjin Bay. Thick black lines represent band-passed
wind speed multiplied by a factor of 2.

with wind. Confidence interval for the coherency estimates
were referred to Wang and Tang (2004). Section 4 will
show the sub-tidal oscillation of coastal current and will
be described and analyzed in terms of the spectral and
coherence characteristics with wind shown in Fig. 4. The
method of pca was referred to Emery and Thomson
(2001) which is applied to both the residual current and
wind vector time series to yield major axis along which
variance of fluctuation is maximized. Those results are
described in Section 4.

3. Characteristics of Tidal Current

Descriptive statistics of current record

To understand the basic characteristics of the current
behaviors, descriptive statistics are presented in Table 2.
The estimated statistics are based on mean, standard
deviation, mini- and maximal values of current components.
Mean velocity components show ranges of 0.05 to 1.3
(cm/sec) for u-comp. and 0.09 to 0.35 (cm/sec) for v-comp.
indicating the net drifts to certain directions during each
period. Standard deviations (hereafter st. dev.) range from
6.5 to 8.5 (cm/sec) for u-comp., and 9.5 to 12.9 (cm/sec)
for v-components. The mean and st. dev. for each component
indicate the existence of asymmetry between current
components. Mean values are attributed to the net drift,
while st. dev. represents the variability of the component
velocity. In the KB, stronger variability exists for v-comp.
than u-comp., since the size of the physical geometry is
bigger in the north-south direction than in the east-west
one. Net drifts of the currents are related to sub-tidal
fluctuation, which will be analyzed and discussed by
means of progressive vector diagram in the following
Section 4.2.

Maximal velocity values of eastward and northward
velocity components show 33.49 and 33.23 while the
westward and southward velocity components show 26.56
and 28.85 (cm/sec), respectively. However, it is noteworthy
that the current speeds may exceed higher than 4 knots in
the other locations such as Noryang, Changson and
Daebang Channels at maximal tidal phases.

Harmonic analysis of tidal current

To further understand the characteristics of the tidal
current in the KB, the records were analyzed in terms of
tidal harmonics. Number of tidal constituents in the least
fitting estimation of the tidal harmonics is limited by each
record length in Table 1. Since the Record #1 is only 20

Table 2. Statistics of current records in terms of mean, standard deviation, mini- and maximal values of u- and v-components.

u-comp (cm/sec)

v-comp (cm/sec)

Record #
mean st. dev. mini maxi mean st. dev. mini maxi
1 -0.36 7.81 -17.22 15.54 0.22 12.91 -26.99 32.20
2 -1.05 6.51 -26.56 20.70 -0.54 9.51 -27.01 27.31
3 -0.77 8.23 -20.52 33.49 0.35 12.10 -28.85 33.23
4 -0.05 8.53 -22.51 19.58 -0.09 11.77 -27.64 28.76
5 -1.30 8.06 -20.72 18.47 0.18 11.52 -24.91 29.53
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Table 3. The results of the harmonic analyses for the current meter records. Acronyms of Var and % Var are used for total variance of
records and percentage of variance explained by 4 major tidal constituents. Notions of sma, smi, inc and pha stand for the
semi-major, semi-minor axes and angle of the inclination in deg. and phase lag for the tidal ellipse parameters. (-) 51gn for smi
indicates counter-clockwise rotation of tidal ellipse. Units for tidal constituents are (cm/sec).

. . U-comp. V-comp.
R :
ecord # Const sma smi inc pha Var AT Var YeVar

ol 0.95 20.12 44.76 267.13
K1 0.67 -0.06 38.56 276.32

1 71 93.4% 157.5 94.3%
M2 16.49 0.94 59.13 1.51 > ° °
2 10.39 0.51 58.69 4132
o1 0.65 20.16 4245 20.70
K1 2.13 -0.40 54.42 4133

2 8. 02 76.5 81.3%
M2 12.69 0.94 59.30 243.62 289 69.0% °
) 6.29 0.21 56.48 258.12
o1 1.04 20.04 51.64 97.12
Kl 1.81 0.11 48.61 124.75

3 : 1.1 8% 137.3 93.3%
M2 17.19 0.34 56.06 29.11 6 89.8% °
2 8.47 0.31 57.13 56.25
ol 136 0.00 40.05 6131

4 Kl 2.19 -0.03 36.48 6341 60.9 83.6% 124.6 89.1%
M2 17.65 0.22 5530 317.51
2 6.50 0.08 53.73 339.22
01 1.16 20.08 39.04 52.02
K1 1.62 -0.13 52.63 60.45

5 02 2.0% 125.9 94.2%
M2 15.74 0.07 55.28 287.03 6 92.0% °
2 9.71 0.12 55.67 293.25

days long, the resolvable number of harmonics is limited
to 17 constituents with Msf, longest harmonic of 0.0028219
(cph). The other 4 records could yield estimates of 35
tidal constituents with Mm 0.0015122 (cph).

Table 3 shows only the four major harmonics of M2,
S2, K1 and O1 among others with semi-major and minor,
inclination angle and phase lag relative to the Greenwich.,
Also given are the variance of velocity components and
percentage contribution of the tidal harmonics to total
variance. As a summary, the results of the harmonic analyses
show that semi-major and -minor axes range from 12.69
to 17.65 (cm/sec) and 0.07 to 0.94 (cnv/sec) for M2 constituent,
while for S2 constituent, they range from 6.3 to 10.4 (cm/
sec) and 0.08 to 0.51 (cm/sec), respectively. Average ratio
of S2 to M2 semi-major axis is 0.53, indicating that M2
tidal components are about twice as big as S2 components.
For diurnal components, semi-major and -minor axes
range from 0.67 to 2.19 (cm/sec) and 0.03 to 0.4 (cm/sec)
for K1 harmonics, while for O1 harmonics, they range
from 0.01 to 1.16 (cm/sec) and 0.0 to 0.16 (cm/sec),
respectively. Average ratio of O1 to K1 semi-major axis

is 0.45 indicating that K1 tidal components are about 2.2
times bigger than Ol components. The average form
number for these 5 records is 0.12 indicating that the tidal
current is very much of semi-diumnal type. The ratio of
semi-minor axes to semi-major axes of 4 major constituents
ranges from 0.05 to 0.89 with average of 0.31, indicating
that the tidal current in the KB is strongly rectilinear. The
mean ratio of semi-minor axes to semi-major axes of M2,
S2, K1, O1 are 0.03, 0.03, 0.09, and 0.10 respectively.
The mean inclination angles of M2, S2, K1, O1 are 57,
56, 50, and 44 (deg.), respectively indicating that major
tidal current is oriented toward northeast-southwest. However,
as seen in Table 3, the tidal current records exhibit strong
seasonal and inter-annual variation.

The contributions of tidal harmonics to the total variances
of current fluctuation vary among current records in
different time periods. In Table 3, contributions of tidal
harmonics to total variances account for over 90 % in
most records except the Record #2 with lowest 69 % for
the u-component. This fact implies the role of non-tidal
dynamics. In particular, the low percentage accounting of
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Table 4. Basic statistics of band-passed residual current.
U-comp V-comp
Record # Mean Std. Dev. Min Max Mean Std. Dev. Min Max
2 -0.70 1.22 -5.06 2.37 -0.35 1.57 -7.09 5.79
3 -0.52 0.72 -3.57 1.68 0.24 0.46 -0.87 2.12
4 -0.04 135 -4.49 3.94 -0.03 1.24 -3.88 3.35
5 -0.84 0.76 -2.60 1.48 0.14 0.66 -1.50 2.50

tidal harmonics for total variance is attributed to the density
current produced by the Nam-Gang Dam water discharge
during the Typhoon ‘Megi’ passage in the middle of
August, 2004. These will be discussed in the Section 4.3.

The residual current records prepared in Section 2 are
analyzed to show the basic statistics in Table 4. Maximal
values of eastward and northward residual velocity
components show 3.94 and 5.79 while the westward and
southward velocity components show 5.06 and 7.09 (cm/sec),
respectively. The asymmetry between north- and south-ward
and east- and west-ward velocity components resulted in
the south-westward net drift in the KB at the current
meter station. This will be more exploited in Section 4.2.

4, Sub-tidal Current Characteristic

Spectral characteristics of residual current

Fig. 5 shows the spectra of the band-passed residual
current components of u and v for the Records #2, 3 and
4. Table 5 lists the periods of significant spectral peaks

0404 Resd. Current

0411 Resd. Current

Table 5. Percentage contribution to total variance of residual current
by the significant spectral peaks.

R d resd_u resd_v
O petiod (day) %  Period (day) %
12.9 1.7 11.1 16
2 8.7 2.7 7.8 1.8
4.6 0.4 4.6 1.1
0 e 116 39
3 0 0 8.7 15
: : 4.4 0.3
13.6 5.1 13.6 9.6
4 6.4 2.9 6.4 15
4.7 1.0 45 0.6

for the residual current and smoothed wind. These peak
periods represent various periodicities ranging from 3.6 to
36.3 days. The largest amplitudes of residual current at
the frequency of 0.019 (cpd) are 0.70 (cm/s) and 0.54 (cm/s)
for north and east components for the Record #2, at the
frequencies of 0.013, 0.169 (cpd), 0.24 (cm/s) and 0.26 (cm/
s) for north and east components for the Record #3, at the
frequencies of 0.125, 0.268 (cpd), 0.60 (cm/s) and 0.56
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Fig. 5. Spectra of the band-passed time series of the current meter records, 0404, 0411, 0504. Red (black) line represents v(u)-comp. of

current records.
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(cm/s) for north and east components for the Record #4,
respectively. In general, they can be summarized into the
period bands of month, half month, week and 4 days.
These frequencies lie closely on the folding frequencies
of 1/30 (cpd).

The degree of contributions of low frequency components

to total variances in the band-passed time series vary
from record to record. Table 5 is prepared to show the
relative contribution to total variances made by the significant
spectral peaks listed in Table 5. In most of the cases, the
percentage scores of relative contribution to total variance
made by single frequency component are less than 5 %.
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Fig. 7. Time sequence of ellipses with scatter diagram of residual current for the Record #4.

Two exceptions are notable for the Record of #4. Spectral
components of 13.6-day period represent 5.1 % and 9.6 %
of the total variances of the velocity components for the
Record #4, respectively.

Influence of the local wind on the residual current

In the KB, the influence of the local wind on the
residual current is important, yet very complicated due to
many factors such as local complex coastline geometry,
bottom topography, open boundaries, etc. However, its
influence is investigated in terms of two domains, namely,
time and frequency. In time domain, behaviors of progressive

vectors for each residual current record are investigated in
terms of cumulative travel distances. In frequency domain,
spectral characteristics in term of cross-spectra and coherency
between residual current and wind are analyzed.

First, the behavior of the residual current could be
understood in terms of progressive vector diagrams shown
in Fig. 6. Two types of behaviors are obvious: that in
Type I, unidirectional drift is apparent in a particular
direction in the Records of #2 and 3, while in Type II,
rotational motion is more influential during the course of
drift so that the trajectories look more complicated and
wiggle in the Records #4.
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Fig. 8. Correlation between the semi-major axis of wind versus
residual current for the Records #2 and 4.

Among those, Record #4 deserves further investigation
to explain the complicated and somewhat interesting
aspect of trajectories. In Fig. 6¢, the cumulative drift of
residual current shows 7 local maxima and/or minima
which reflect the change of drifting and rotational direction.
Those are corresponding to the results of time variation of
orientation of the pca seen in Fig. 7 where the orientation
angles of the pca are estimated for each of 5-day bin of
entire current record. Interesting patterns are evidently
found that through the sequences, rotational axes are
alternating between clockwise and counter-clockwise with
varying the magnitudes of semi-major axis in Fig. 7. The
result is a consequence of the spectral components of
13.6 (day) in Fig. 5c.

Magnitudes of semi-major axes for the residual current
and wind are also of interest and can be compared each
other, as seen in Fig. 8. The straight line best fitted to the
magnitude of the major axes shows the slope of 0.03 with
correlation coefficient of 0.92. Interestingly, the slope of
the fitted line implies the validity of 3 % rule of wind
induced drift current. In Fig. 8, median value of 50 (cm/sec)
wind speed corresponds approximately to the 1.45 (cm/sec)

Coherency twing ve Iresd.w040

i}‘vherency fwind va lresd w0404

U=-comp,

T

Coh <2

K: § .3 a2 1%
Pong (o)

Phase lwind vs Iresd u(404

DA .1 9,2 03
Fraq (opd)

Phiage lwind vs lresd . v0404

T

16 j [
e
2 no "'\
£

3 ;
oo * 7
YNNI N
~081 j \,,'\ 1 -05 \\,. it
~-10 ~1.0
2.0 [-X1 o2 (X1 0.0 0.1 02 03
Frag (epd) Fraq (apd)
Coherency lwind vs Iresd u041 Coherency lvnnd vs Iresd.v0411
e U-comp. 1o #x V-comp.
0.8 q I 1
gy A L ﬁg' . j_‘_j\
Nl
0.0 01 oz c3 00 0.1 0% 0.5
Fraq (epd) Freq {epd)

Phase lwind vs lresd w041l
0

"3 ”\\

Phase lwind vs Iresd_v(411
4]

;

ARl
~l \H ‘; 1

phase (pi}
o
&

’gil’,i‘]g/\h s W%[
S N

~1.0

Qn 0.1 o2 03 0.0 o1 o 0.8
Froq (cpd) Freq (epd)
Coherency lwind vs resd w08 Coherency Iwind vs lresd. v0504
10 U~comp. V~comp.
08 4 o8
% oep r \/ 1 ¥ osf
g 95% Lo, Leved] " 19 % nf Law “““““
8 pse \ 1’f } [ \’ e 8 04
i
oz LAAA NV \ / : o2} /
\,’V\/ MY Y ~v\
2.0 [
Q.0 ot oz [+ 33 LRy 0.1 4.2 3
Freq (cpd) Froq (opd)

Phase lwiné v lresd u0S504

Phase lwind vs Iresd v0504

T

05

ST

phase {pl}

—Zj:.; 0 \/
NIEA

3
g oo f
i i |
TN
~10 i f \
0.9 21 Q2 [+ 23
Fraq {opd)

Q.o 0.1 a2 03

Fig. 9. Coherency between the band-passed current and wind

records #2, 3, and 4.

residual current

In the frequency domain, auto- and cross-spectra, coherency
and phase between wind and residual current records
were estimated for the Records #2, 3 and 4. Here, only
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the results of coherency and phase plots are shown in Fig. 9.
Several significant coherencies well above 95 % confidence
level could be resolved in that 3~5 periodicities ranging
from 3.5 to 20.8 (days) were found to be important for
each record. Specifically, in the Record #2, period of 8.3
(day) is common for both u- and v-components of wind
and residual current and highest coherency peak occurred
at 20.8 (day) for u-comp with 1.2-day phase lag of wind
to current. In the Record #3, period of 6.6 (day) is common
for both u- and v-components of wind and residual current
and highest coherency peak occurred at 10.2 (day) for v-comp
with 2.6-day phase lead of wind to current. In the Record
#4, period of 6.1 (day) is common for both u- and v-
components of wind and residual current and highest
coherency peak occurred at 5.4 (day) for u-comp with
2.7-day phase lead of wind to current.

The influence of the Nam-Gang Dam water discharge on
the residual current

The Nam-Gang Dam water was discharged into the Kangjin
Bay through the Sachon Bay, starting to release at 23:37
on August 18", 2004 and to finish at 11:37 on Aug. 30",
2004. The duration of water discharge was 12-day and
12-hour with the total volume amount of 830,176,000
(m"). The peak discharge rate was 3523 (cms) at 01:38 on
Aug. 19", The fresh water release had tremendous impact
on the hydrodynamics and hydrography of the KB and
led to the catastrophic episode of mass mortality of the
large-arc shell being cultured in the KB. The impact
could be shown by the abrupt drop of temperature and
salinity shown in Fig. 10. Local salinity in the KB was
diluted to be 10.63 (psu), comparing to normal salinity of
31.9 (psu) with drop of more than 20 (psu). Southward
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Fig. 10. Time series of salinity, temperature, dissolved oxygen and dam water discharge rate for the period of Aug., 1st to 30th, 2004.
Observation depth of salinity, temperature and D.O. is 50 cm above bottom at the real-time monitoring station 1 (Fig. 1).
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current speed during water discharge reached 32.6 (cm/sec) of
which residual component is estimated to be 7.09 (cm/sec)
in Table 4. Owing to the buoyancy of the fresh water in
the upper layer, strong stratification was developed so
that density-driven current was directed toward open
ocean (in this case, southward). This situation casts an
important and significant challenge to the study of coastal
plume dynamics and its impact on the local fishery.
Separate numerical modeling works were carried out and
readers interested in more detail may refer to Ro et al.
(2005) and Ro (2007).

5. Summary and Discussion

This study analyzed the 5 current meter records
spanning from March 22, 2004 to Nov. 6, 2005 in the
Kangjin Bay, South Sea, Korea. The database of long records
over 500 (day) provides us with a very rare opportunity to
understand the tidal current characteristics and its monthly
variation particularly in the coastal embayment area such
as the Kangjin Bay.

The results of harmonic analyses of the current records
show that it is very much of semi-diurnal type with form
number of 0.12 and almost rectilinear with orientation of
the major axis toward northeast. The semi-major and -minor
axes range from 12.35 to 17.5 (cm/sec) and 0.07 to 0.95
(cm/sec) for M2 harmonics, while S2 harmonics range
from 6.3 to 9.72 (ecm/sec) and 0.09 to 0.52 (cm/sec),
respectively. Average ratio of S2 to M2 semi-major axis
is 0.53, while average ratio of O1 to K1 semi-major axis
is 0.45. The harmonics of tidal current components show
variability more severely than the tidal heights since non-
linearity plays a bigger role in tidal current than in tidal
elevation in general.

In the spectral analysis of residual current, significant
spectral peaks could be resolved which lic on the folding
frequencies of 1/30 (cpd) in most of records. Among many
spectral components, the period of 13.6-day is found to
be important for the Record #4 which is attributed to the
variation of the principal axis and its orientation angle as
well as rotational axis. The influence of the local wind on
the residual current is investigated in two ways. First, the
progressive vector diagrams of band-passed residual
current and wind were compared to each other to find the
influences of wind on current in terms of net drift.
Interestingly, two types of behaviors are obvious that one

is unidirectional drift and the other is rotational motion.
Secondly, the progressive vector diagram for the Record
#4 is associated with the spectral components of 13.6
(day), which show alternating rotations between clockwise
and counter-clockwise axis. Another interesting finding is
that by the correlation of the semi-major of wind and
residual current, 3 % rule holds true approximately to
drive 1.45 (cm/sec) drift current by 0.5 (m/sec) wind speed.

The implications of the net drift of the residual current
in the coastal embayment system are manifold. One is
that it would have a significant impact on the survival
rate of the fish eggs and/or shell larvae in the early life
cycle. It is especially true in the KB, since it is well
known for aqua-culturing beds for the renowned large-arc
shell (Scapharca Broughtonii). With regard to this aspect,
more study is required in the near future. The other
impact can be speculated that the net drift will deposit the
pollutant and waste material introduced through the
Noryang Channel and Sachon Bay onto particular areas,
most probably near the southwestern part of the KB. This
factor should be considered in managing the water and
sediment quality in the Kangjin Bay.

The analysis of the tidal current records in the KB can
not be complete without other supporting tools of
understanding the local complicated current dynamics. In
addition to this study, a parallel study is being made by
using high-resolution 3-D numerical modeling approach
and is to be published in a separate paper (Ro 2007).
Both studies are complimentary to each other, and hope
to extend our level of understanding the coastal dynamics
of the South Sea, Korea.
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