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Abstract

A buoy of 10 m in diameter was used to record the current speed and direction in a vertical profile in the offshore
area of the Changjiang (Yangtze River) Estuary (with an average water depth of 46.0 m) for one year. The results
include: (1) the currents rotate clockwise and the current direction is consistent in a vertical profile without clear
seasonal variations. (2) The horizontal current speeds are generally high, with a maximum of 128.5 cm/s
occurring in summer and 105.5 cm/s appearing in winter commonly close to the surface. The average current
speeds in the vertical profile fall in the same range (the differences are less than 8.0 cm/s), with the maximum of
47.0 cm/s occurring in summer and 40.8 cm/s in winter. The average current speed during spring tides is twice
that during neap tides (26.5 cm/s). (3) Significant differences of speeds are observed in the vertical profile. The
maximum current speed occurs at either surface (spring and winter) or sub-surface (summer and autumn), with
the minimum current speed appearing at the bottom. The maximum average current speed of all layers is 57.9
cm/s, which occurs in the 18-m layer during summer. (4) The average speed of the residual currents ranges from
7.5 cm/s to 11.3 cm/s, with the strongest occurring in spring and weakest in winter. The residual currents of all
layers are eastward during spring and winter, whereas northeastward or northward during summer and autumn.
(5) The currents in the offshore of Changjiang Estuary are impacted collectively by diluted Changjiang River

discharge, the Taiwan Warm Current, monsoon and tides.
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1 Introduction

Offshore currents play a key role in the movement of terrigen-
ous oceanic material and a sound knowledge of the temporal and
spatial variations of offshore currents is important to better un-
derstand environmental conditions, eutrophication problems
and fishing activities in offshore sea regions (Rabouille et al.,
2008; Tang et al., 2008). The currents in the offshore regions of
the Changjiang (Yangtze River) Estuary are mainly affected by di-
luted water from the Changjiang River, the Taiwan Warm Cur-
rent, the Subei coastal current, and the Zhejiang coastal current.
Discharge from the Changjiang River is high and exhibits large
seasonal variations (893x10° m3/a; during the period of
1951-2013, the runoff flux between May and October accounted
for 70% of the annual flux) (Dai et al., 2008, 2011a). Con-
sequently, its expanding pattern is characterized by great intra-
and inner-annual variations (Lie et al., 2003) that significantly af-
fect the flow field of the offshore ecological environment and
marine productivity (Zhu et al., 2005; Chang et al., 2014; Wu et
al.,, 2014; Zhang et al., 2014). During summer, the diluted runoff
from the Changjiang River can reach as far as the Jeju Island in

Korea (Isobe et al., 2002; Senjyu et al., 2006; Moon et al., 2009).
Thus, the Changjiang River greatly impacts the ecology of this sea
region (Dai et al., 2010, 2011b). Because of the complex dynamic
environment, a number of studies have been based on temperat-
ure and salinity data or numerical simulations to compensate for
the lack of measured flow speeds (Chen et al., 2006; Moon et al.,
2009; Park et al., 2011; Chang et al., 2014). Previous studies of the
diluted Changjiang River discharge mainly focused on the
water’s expanding path and turning mechanisms (Mao et al.,
1963; Lie et al., 2003; Huang et al., 2008; Wen et al., 2014). Long-
term salinity data indicated that variations in the Zhejiang coastal
current, Taiwan Warm Current and Changjiang River discharge
are important factors in determining the turning direction of the
diluted Changjiang River discharge (Liao et al., 2001). Zhu et al.
(1997, 1998) and Liu et al. (2013) discussed the dynamics of the
water by conducting numerical simulations to analyze the effects
of external conditions, including the Taiwan Warm Current, run-
off flux, wind field, Yellow Sea cold vortex and Subei coastal cur-
rent on the expansion of the diluted Changjiang River discharge.
Zhao (1991) proposed that the expansion of the Changjiang River
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discharge, invasion of the Taiwan Warm Current and spatial vari-
ations in wind stress predominate the expansion of the diluted
water and turning mechanism. Using remote sensing technology,
Pu et al. (2002) and Kim et al. (2009) studied weekly, ten-day and
seasonal variations in the expansion directions of the diluted
Changjiang River discharge and noted the limitations of studying
the expansion mechanism based on large-scale observational
data. However, almost all of these results are obtained from nu-
merical simulations, short-term observational data and remote
sensing. Sufficient hydrodynamic observations in particular, the
long-term, continuous, fixed-point observational data, are not
available in this region. In this study, we conducted continuous
observations of currents in a vertical profile (fixed point) of the
offshore region of the Changjiang Estuary (from August 1, 2006 to
July 31, 2007 with a 10-m-long marine buoy to obtain a better un-
derstanding of the offshore currents of the Changjiang Estuary
with the real-time data.

2 Regional setting

The study is focused the subaqueous delta on the offshore re-
gion of Changjaing Estuary, which is characterized by meso and
regular semidiurnal tides. The offshore current in this area trans-
itions from an alternating to rotational current moving in a clock-
wise direction (Chen et al., 1988). In winter, under the impact of
strong winter monsoons, runoff has small flux amplitude and
starts to move southward along the coast soon after it merging
with the sea. In contrast, in summer, runoff leaving the estuary is
moved by inertia southeastward as a “shooting current” or “quasi
shooting current”. 20 to 60 km from the estuary, the runoff move
northeastward and form a tongue-shaped expansion toward the
Jeju Island to the northeast (Zhao, 1991; Su, 2005). In addition to
the diluted Changjiang River discharge, the offshore currents of
the Changjiang Estuary also include the Taiwan Warm Current,
Zhejiang-Fujian coastal currents and Yellow Sea coastal current.
The filtered tidal current speed caused by the diluted Changjiang
River discharge, coastal current caused by monsoons, Kuroshio
Current, and Taiwan Warm Current is 10-50 cm/s, and the resid-
ual current displays both spatial and seasonal variations (Zhu et
al., 2004a, b ). The Taiwan Warm Current on the west side of the
East China Sea is the primary flow system that affects the East
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China Sea, and it moves northward at 50-100 m isobaths
throughout the year and is stronger during summer and weaker
during winter, with a speed of 15-40 cm/s; when it reaches the far
shore of the Changjiang River, it decreases to 10-20 cm/s (Guan,
1978; Su and Pan, 1989). Under the combined influence of the
Taiwan Warm Current and terrain, an apparent upwelling oc-
curs with a speed of approximately 1.0x10-3-5.0x10-3 cm/s (Zhao,
1993). Furthermore, the offshore portion of the Changjiang Estu-
ary features large oxygen depletion areas whose positions are af-
fected by variations in the circulation of adjacent sea regions and
water masses (Li et al., 2002).

3 Data and methods

The observation station (31.25°N, 123.5°E) is located offshore
of the Changjiang Estuary (Fig. 1) in an area with an average wa-
ter depth of 46.0 m. From August 1, 2006 to July 31, 2007, we used
a 10-m marine observational buoy for continuous observations of
vertical currents, wind speed and direction, and waves. With a
displacement of 50.4 tons, the diameter and height of the buoy
are 10.0 m, with 0.9 m of the buoy sitting below the waterline. The
buoy uses a single-point mooring (Fig. 1). A Doppler current pro-
filer (500 kHz Acoustic Doppler Profiler (ADP), SonTek, USA; ob-
servational factors are current speed and direction) is installed
on the bottom of the buoy and the sensor is extended for 0.3 m
from the buoy floats (Fig. 1). The buoy’s observational system
sways with waves and surface currents. The ADP data playback
indicated that the equipment was well positioned during the ob-
servation period and that the inclination angles in the Xand Y
directions were both smaller than 5°. The blanking distance of
the ADP instrument is 1.0 m, the sampling averaging interval is
10 min, the sampling duration is 1 min, the cell size is 8.0 m, and
the number of cells is set at eight. According to the sensor’s in-
stallation depth and blanking distance, the calculated depth of
the first layer is 10.0 m (10.0 m is used here for calculations and
descriptions for simplicity, rather than the exact number that was
calculated as 10.2 m). The intensity of sound signal in the ADP al-
lowed us to infer that there are five effective observational layers
(10.0 m, 18.0 m, 26.0 m, 34.0 m and 42.0 m; the sensor can only
detect sub-surface to sub-bottom sea currents, yet, the surface
and bottom cannot be detected). The wind speed and direction

e b

10-m marine
observational buoy

anchor
system

sea bottom

Fig. 1. Observational position (a) and buoy (ADP) working (b) illustrations.
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are measured using a 05103 anemometer by Young Enterprises,
USA. An anemometer is installed on the equipment platform on
top of the buoy (10.0 m from the sea surface), and winds are
sampled every three hours; when the average wind speed is
greater than 10 m/s, the sampling interval is shortened by 1 h. In
addition, surface salinity data have been obtained for this station
from July 2009 to October 2010 (the sampling interval is 1 h, the
equipment model is COMPACT-DT).

The sensors on the buoy automatically measured data, which
are transferred to the coastal station (Forecast Center for East
China Sea, State Oceanic Administration) via the Inmarsat-C
satellite (the ADP memorizer automatically backs up the data).
To analyze the seasonal variation of the sea currents, we selected
the months of April, July, October and January to represent
spring, summer, autumn and winter, respectively. Calculations
are based on the average of two spring tides and two neap tides
each month. The Changjiang River runoff flux information was
obtained from the Yangtze River Water Resources Committee.

4 Results

4.1 Current speed and direction

This station is located in the open sea region of the Changji-
ang Estuary. The sea current is discovered to rotate clockwise.
The current direction is consistent along the vertical direction

without obvious seasonal variation, as illustrated in Figs 2-5 (For
the sake of clarity to display the speeds and directions of cur-
rents, only the transitions from spring to neap tides are plotted in
the figures. The data interval is 30 min).

The horizontal current speeds in the offshore region of the
Changjiang Estuary are found generally high. Table 1 shows that
the vertical average current speed varies little with time (the dif-
ferences are less than 8.0 cm/s). The maximum current speed of
47.0 cm/s occurs in summer, whereas 40.8 cm/s occurs in winter.
The maximum current speeds during all seasons are higher than
100.0 cm/s; the maximum current speed during summer can
reach 128.5 cm/s, whereas the maximum current speed during
winter is relatively slow (105.5 cm/s). The maximum current
speeds during all four seasons occur at the surface (at the 10-m
layer). The average current speed during spring tides reaches its
maximum during autumn (60.5 cm/s), whereas the average cur-
rent speed during neap tides reaches the maximum during sum-
mer. The average current speeds during spring tides are approx-
imately 1.7 to 3.0 times those during neap tides. In the vertical
direction, the maximum current speeds during all seasons are
the lowest on the bottom and the highest on the surface (during
the observation period); therefore, the current speeds increase
from the bottom to the surface. The maximum current speeds of
the bottom layer range from 46.5 cm/s (winter) to 60.3 cm/s
(spring), and the maximum current speeds on the surface range
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Fig. 2. Temporal variations in the current vectors during spring.
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Fig. 3. Temporal variations in the current vectors during summer.
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Fig. 5. Temporal variations in the current vectors during winter.

Table 1. Characteristic average current speeds (cm/s) in the vertical profile

Time Monthly average Maximum Minimum Spring tide average Neap tide average
Spring 42.9 120.4 1.4 53.9 25.3
Summer 47.0 128.5 1.6 56.0 32.4
Autumn 41.4 113.8 0.8 60.5 20.3
Winter 40.8 105.5 1.1 49.2 27.9

from 105.5 cm/s to 128.5 cm/s. The minimum current speeds are
all lower than 10.0 cm/s, and significant differences are not ob-
served among layers and seasons.

Considerable differences occur in the vertical average of cur-
rent speeds in different layers and seasons (Fig. 6). During spring,
the current speed is at its minimum on the bottom along the ver-
tical direction (16.9 cm/s) and quickly increases from the bottom
layer to the 34-m layer; above 26 m, the current speeds are gener-
ally the same (49.7-51.6 cm/s). The vertical curve of the current
speeds during spring tides has a convex shape: the current speed
is the lowest on the bottom and the highest in the 18-m layer
(67.7 cm/s). During neap tides, the current speed is minimum on
the bottom and maximum on the surface whereas the current
speeds in the middle layers are relatively stable (current speeds
of the 18-34 m layers range from 26.9 to 29.2 cm/s). The average
current speeds during spring tides in the corresponding layers
are 1.8 to 2.4 times those during neap tides, and the vertical aver-
age of current speeds is 2.1 times that during neap tides. The ver-

tical sectional profile of current speeds during summer (the
monthly average, spring-tide and neap-tide values) has a pro-
nounced convex shape. The minimum current speeds in differ-
ent periods all appear in the bottom layer (the monthly average,
spring and neap values are 20.2, 26.7 and 13.0 cm/s, respectively),
whereas the maximum current speeds are all in the middle-up-
per layers (the monthly, spring and neap values of the 18-m layer
are 57.9, 67.2 and 40.5 cm/s, respectively). The current speeds of
the surface and middle layers are generally the same. The vertic-
al average of current speeds during spring tides is 1.7 times that
during neap tides. During autumn, the monthly average current
speed is the lowest on the bottom and the highest in the middle-
upper layer (18-m layer; 54.2 cm/s), and the spring-tide curves
clearly display a convex shape in the vertical direction. The
highest current speed of the middle-upper layer can reach 75.0
cm/s. During neap tides, the current speed reaches its minimum
on the bottom and is stable above the 34-m layer (22.7-23.7
cm/s). During winter, the current speed during spring tides is sig-
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Fig. 6. Vertical variations in average current speeds during the observation period.

nificantly higher than that during neap tides, and the average
current speed during spring tides is three times that during neap
tides. During winter, the current speed is the lowest on the bot-
tom and is stable above the middle layer; the average speeds dur-
ing spring and neap tides are 49.2 and 27.9 cm/s, respectively,
and the average current speeds during spring tides in the corres-
ponding layers are 1.73 to 1.8 times those during neap tides. In
general, the average current speed of the middle-upper layers is
approximately 3.0 times that of the bottom layer. Except for the
bottom layer, the current speeds of the corresponding layers are
strongest during summer and weakest during winter; the average
current speed during spring tides is strongest during autumn and
weakest during winter; and the average current speed during
neap tides is strongest during summer and weakest during au-
tumn.

4.2 Residual current

During our observation period in the offshore region of the
Changjiang Estuary, the residual current was strongest (13.5
cm/s) during summer and weakest (7.3 cm/s) during winter. The
current speeds during spring and autumn were 10.8 cm/s and 9.9
cm/s, respectively. The current moved northeastward during

summer and autumn (47.8° and 59.4°) and eastward during
spring and winter (76.5° and 86.4°).

Apparent seasonal differences are observed in the residual
currents in this sea region (Fig. 7). The residual currents were rel-
atively strong during spring (Fig. 7). The vertical speed average
was 11.3 cm/s during the observation period, and the current
speed reached the maximum on the surface (14.5 cm/s) and de-
creased from the surface to the bottom (5.1 cm/s). The surface
residual currents moved eastward (94.1°), and the residual cur-
rents shifted gradually counterclockwise from the surface to the
bottom, where the current direction was 38.6°. During this peri-
od, the surface current directions during spring and neap tides
shifted east by south, and those of other layers shifted east by
north. In all layers, the currents during spring tides were shifted
counterclockwise by 15° relative to that during neap tides. The
vertical average of current speeds during spring tides was 12.9
cm/s, 1.6 times that during neap tides. Except for the consistent
surface current speeds, the current speeds in the corresponding
layers during spring tides were 1.6 to 2.5 times those during neap
tides.

The residual currents during summer were strongest. The
vertical average of current speeds was 13.6 cm/s, reaching the

10 = — N~ dess / / /
18 = " —" - / ./ /

g

| /

o

S 26 - — e / P 172
34 - e o—n o v / «
47 -4 ] o v s / -

- 5cm/s

T
L Bt -
oh pp o 2 2 qc)b; o o
g2 < = & 8 E g
g =B =] S8 O 2
eE T & =& ¢eg S E TTE
=& 2 S e 53 wa@ o3
> EE S .E 2o Eoen o o
= 8 25 = 'E = & = o =
S £ @ =] < = 8.8 g .E
E5 503 EE "5 T3
= B
g g

X
T 7 N N N\

[ i= E () S [
on = o0 Q |53
EE 8E of £5 8E g=
=] =g T E e g =F 3%
23 on = - 2 %3 on o
= e o & S S
> o ¥ g 2> o 2.8 §.8
= & 8. Qo = = £ SE &g
< .8 2g & g < £ &5 ]
[=i=) = 2 5 kS <
ISR < 2 S35
= © £

Fig. 7. Vertical variations in residual currents during the observation period.
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maximum 16.1 cm/s in the middle-upper layer (18-m layers) and
gradually decreased toward the bottom layer to 6.0 cm/s. The re-
sidual currents all moved northeasterly with a consistent speed
above the 34-m layer (44.3° to 53.1°). The currents moved slightly
northward in the bottom layer (28.1°). During spring and neap
tides, the directions of residual currents were both northeast-
ward; in the middle-upper layers (the 10-m and 18-m layers), the
residual currents during spring tides shifted clockwise by approx-
imately 15° relative to those during neap tides. In the middle-
lower layers (below the 26-m layer), the residual currents during
spring tides shifted counterclockwise by approximately 23° relat-
ive to those during neap tides. The residual currents during
spring tides were strong and significantly higher than those dur-
ing neap tides. The vertical average of current speeds during
spring tides reached 21.9 cm/s, 2.2 times faster than that during
neap tides. For the corresponding layers, the current speeds dur-
ing spring tides were 1.8 to 2.6 times those during neap tides.

The vertical average of current speeds during autumn was
10.2 cm/s. The speeds of the residual currents were similar above
the 34-m layer (10.8 to 12.3 cm/s). The current speed on the bot-
tom was slow (4.2 cm/s). During autumn, the current speed dur-
ing spring tides was fast, and the average current speed reached
19.4 cm/s (nearly that during spring tides during summer); the
current speed on the bottom also reached 11.5 cm/s. The resid-
ual currents during neap tides were weak, and their speeds
ranged from only 0.5 to 3.3 cm/s. Except for the bottom layer
where there are northward-moving residual currents, all the re-
sidual currents above the bottom layer moved towards the north-
east.

The residual currents were weak during winter, and the ver-
tical average of current speeds was only 7.5 cm/s. The current
speed on the bottom was the lowest as 2.9 cm/s, whereas the cur-
rent speed in the middle-upper layers (above the 34-m layer) fell
generally consistently within the range of 8.0-9.0 cm/s. The resid-
ual current speeds during spring and neap tides were generally
consistent in the vertical direction with an average speed of 6.0
cm/s during spring tides and 4.9 cm/s during neap tides. During
winter, the residual currents shifted eastward toward the south,
whereas the currents during the spring tides shifted eastward to-
ward the south and the currents during neap tides shifted toward
the east.

5 Discussion

5.1 Runoff effects

The runoff flux from the Changjiang River is large and exhib-
its seasonal variations (893x10° m3/a. During 1951 to 2013, the
runoff from May to October accounted for 70% of the annual
flux). The expansion pattern of runoff is characterized by signific-
ant intra- and inter-seasonal variations (Lie et al., 2003), which
significantly affect the flow field of the Changjiang Estuary. Our
observations indicate that the residual currents during summer
and autumn move northeastward with a high speed in the
middle-upper layers (during summer and autumn, the average
residual current speeds are 11.5 cm/s and 11.6 cm/s, respect-
ively, in the 34-m layer), whereas during winter and spring, the
residual currents generally move eastward during winter with a
speed of only 7.5 cm/s. The implication is that this sea region is
mainly controlled by the diluted Changjiang River discharge dur-
ing summer and autumn. Runoff flux is one of the primary factors
controlling the expansion and direction turning of the diluted
water during the flood season (Le, 1984; Zhao, 1991), and the di-
luted Changjiang River discharge expands northeastward at

122°10'-122°30'E (Zhao, 1991; Zhou et al., 2009), with a critical
runoff of 3.6x10%-4.0x10* m3/s. In our study, the Changjiang run-
off was measured at Station Datong, and it took approximately 20
d for the runoff at Station Datong to reach the offshore region of
the Changjiang Estuary (Wang et al., 2014, see below). Accord-
ingly, the statistical runoff times were reduced by 20 d. In 2007,
the freshwater discharge from the Changjiang River reached
4.9x10* m3/s during summer and 1.9x104 m3/s during autumn.
Thus, the large amount of runoff originating from the Changji-
ang River during summer might be the primary contributor to the
appearance of high-speed northeastward residual currents in this
sea region. The runoff flux of the Changjiang River during winter
is 1.0x10* m3/s. The diluted water expands southward along the
coast under the influence of the Coriolis force and northerly
monsoon so that its effects could be neglected on this sea region.

The surface salinity observed by the buoy in this study
provides independent supports for the effect of diluted Changji-
ang River discharge, as the average salinity on the surface (the
1.2-m layer) was 33.9 during the winter of 2010 whereas only 20.7
during summer. Wang et al. (2015) studied the characteristics of
water flux and water body exchange in the Changjiang Estuary
and surrounding water regions and similarly found that water ap-
parently flows toward the sea region east of 123°E during sum-
mer.

5.2 Effects of the Taiwan Warm Current on the offshore currents

As a typical monsoon circulation current, the Taiwan Warm
Current flows northeastward offshore of Zhejiang and Fujian
Provinces toward the region south of the Changjiang Estuary. In
winter, the current moves southward under the impacts of north-
erly winds in the water surface. No significant variations were
found for the current directions in all layers for the rest of the
year, which flow northward along the 50- to 100-m isobaths
steadily. The current is stronger during summer and weaker dur-
ing winter with a common speed of 15-40 cm/s, which, however,
gradually decreases to 10-20 cm/s when the current reaches the
diluted Changjiang River discharge far from shore (Guan, 1978;
Su and Pan, 1989).

The vertical profiles of the current speeds during summer and
autumn show significant outward convex shapes (especially dur-
ing spring tides). The maximum current speed occurs in the
middle layer while the residual current has the same character-
istics and flows northward. The Taiwan Warm Current is most
likely one of the main factors, aside from the diluted Changjiang
River discharge, that causes such phenomena because, theoretic-
ally, the diluted Changjiang River discharge should significantly
affect the surface and upper layers of water bodies. During sum-
mer, with high temperatures, salinity and density, the Taiwan
Warm Current is very strong under the effects of southerly mon-
soons, reaching as far as 32°N. The invasion of the Taiwan Warm
Current apparently speeds up and drags the middle layer at the
observation station, leading to the increases in the speed of the
current and residual current. Zhou et al. (2009) performed nu-
merical simulations to study dynamic factors in the summer of
2006 and found that the invasion of the Kuroshio Current and its
branches was relatively strong on the north side of the East China
Sea so that it might be one of the dynamic factors that causes an
increase in the current speed in the middle layer during summer
and autumn. During winter, the Taiwan Warm Current weakens
because of the strong effects of norther monsoons and thus ex-
erts an accordingly weak effect on the offshore region. A vertical
increase in current speeds does not occur in the middle layer
during winter and the residual current moves southward with a
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low speed.

5.3 Effects of winds and tides on offshore currents

Winds significantly affect the expansion of the diluted
Changjiang River discharge (Liu et al., 2013). The top layer of the
sea current in this study is the 10-m layer. Given that winds
merely affect the surface layer (<10 m), apparent extreme weath-
er was not observed during the observation period (Fig. 8), with
northern and southern winds dominating during winter and
summer, with average speeds of 8.2 m/s and 6.9 m/s, respect-
ively. As a result, significant effects on the current speed or direc-
tion were not observed in this sea region.
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Fig. 8. Wind vectors plotted during different observation peri-
ods. a. Spring, April; b. summer, July; c. autumn, October; and d.
winter, January.

Although the observation station is far from the mainland
(approximately 150 km), the tidal force was still strong thanks to
the large tidal range in this region. Apparent periodic variations
occurred under the impact of spring and neap tides in all layers.
The average current speeds during spring tides were approxim-
ately 1.7 to 3.0 times those during neap tides and the residual
current speeds during spring tides were over 1.5 times those dur-
ing neap tides. The residual currents during autumn were dom-
inated by spring tides (vertical average of 19.4 cm/s), whereas
those during neap tides were weak, indicating that the great in-
fluence of tides on this region.

6 Conclusions

Based on one-year continuous observations of sea currents
using a large buoy in the sea region of the Changjiang Estuary, we
demonstrated fixed-point sea current observation as an effective
method to study the offshore currents. Based on our results, the
following conclusions were drawn for the offshore region of the
Changjiang Estuary.

(1) Sea currents rotate in a clockwise direction. In vertical dir-
ection, the directions of currents are consistent with minor sea-
sonal variations.

(2) The shelf currents are relatively strong with trivial season-
al variations. In general, the average current speed in the middle-
upper layer is approximately three times that in the bottom. Ex-
cept the bottom layer, the current speeds are strongest during
summer and weakest during winter. The average current speed
during spring tides is strongest during autumn and weakest dur-
ing winter. The average current speed during neap tides is
strongest during summer and weakest during autumn.

(3) The average residual current speed ranges from 7.5 to 11.3
cm/s with the strongest speed appearing during summer and

weakest during winter. In all layers within the water column, the
residual currents during spring and winter move eastward, and
the current direction shifts northeastward during summer and
northward in autumn.

(4) The sea currents are constrained by the diluted Changji-
ang River discharge, the Taiwan Warm Current, monsoons and
tides. Significant outward convex shapes are identified for the
vertical profiles of current speeds during summer and autumn
(in particular, during spring tides). The current speed in the
middle layer is the highest and the residual currents show the
same pattern of flowing towards the north. When the residual
currents flow southwards with a relatively low speed, the current
speed does not increase in the middle layer during winter.
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