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INTRODUCTION

The Changjiang river(Yangtze triver) , 6,300 km long, is the largest rivér if
China, and the third largest river of the world The main stréam of the Chan‘g-—
jiang river, passed through Qinhai, Xizang, S1chuan, Yunnan, Hubei, Hiunds,
liangxi, Anhui, Jiangsu provinces (including an sutohomous regioh) and Shangha:
Municipality etc, and converged hundreds of tribitaries big or small, empties
into the sea at the jurction of the Yellow and East China Seas, The drainagé
basin covers about 1,800,000 km? i area, which is about 1/5 of the total ared
of the whole nation,

The main stream of the Cliangjiang can be divided into three sections ¢+ the
upper teach from Yichang to the river’s source, the middle reach from Yi-
chang to the mouth of the Padyarg Lake, and the lower reach downstream from
the mouth of the lake, The length of the estuary from Datong (the upper limit
affected by tides during dry seasons), Anhui Province, to the front of the sub-
merged delta ( corresponds to 30~50 m isobath ) is about more than 700 ki
long, The Changjiang estuary also can be divided into thgee sections t the reach
from Datong to Jiangyin (the upper limit of tidal current during flood seasonsy,
about 400 km of its length, where the river chanrel evolution is controlled by
runoff and boundary conditions, and there are many middle—grb’ﬁn'd sands in the
river channel, is called the near-estuarine reach ( Jinkouduan in Chinese) 4 tHe
reach from Jiangyin to the mouth (at the head of mouth bars), 220 km in length,
where the runoff and tidal current interacts with each other, aad the river
channel and its bifurcations are unstable, is naméd the estuarine reach (Hekoudiaf
in Chinese); and the reach from mouth to nearby 30~50 m isobath, in which it
is controlled mainly by the tidal curreat and fhe submerged delta is well deve-
loped, is called the offshore area,

The Changjiang estuary is a funnel-shaped estuary, About 6,000~7, 000
yéars ago, the Changjiang estuary was a drowned river valley, and the head of
the estuary was situated in the zome of Zhenjiang or/and Yangzhou, The aver-
aged rate of expanding seaward of the south bank is 1 km éach 40 years ddrmg
the last 2,000 years, The sand bars were attached into the nofth bank, thus tHe
width at the mouth narrowed from 180 km to 90 km, The regular rivermouth was
formed and the river charmnel was deepened, the main chanrnel was defledted
southward, and then the déltaic estuary with multi-order bifurcations was formed
gradually,
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The water discharge of the Changjiang estuary is pleatiful, The maximum
discharge was 92,600 cubic meters per second ( in 1954 ) and the minimum
discharge was 4,620 cubic meters per second (in 1979 ), The ‘yearly averaged
discharge was 29,300 cubic meters per second, and the annual total runoff is
924,000 million cubic meters based on the data at Datong Station, which ranks
the fifth in discharge among the largest rivers of the world and is only lower
than the rivers of the Amazen, Cango, Orinoco and Ganges-Brahmaputra, The
runoff has obvious change with seasons, The period from May to October is the
flood seasons when the runoff amouts to 71,7% of the annual total discharge
and the maximum occurs in July, The dry seasons are from November to April
next year when the runoff amounts to 28,3% -of the annual total discharge and
the minimum value occurs in Febuary,

The annually averaged value of the suspended sediment concentration is
0,547 kg/m?®, and its annually averaged sediment discharge reaches to 486 million
tons (the maximum sediment discharge measured is 678 million tons, and the mini-
mum is 341 million tons), which ranks the fourth after the Ganges-Brahmaputra,
Yellow River, and Amazon among the largest rivers of the world, The distribution
of sediment discharge is more concentrated than that of the water discharge in
a year. The sediment discharge during the flood seasons amounts to 87% of the
annual total value, The sediment discharge in July is the largest, which amounts
to 21% of the annual total, and the minimum value occurs in Febuary, which is
less than 0,7% of the annual total value, The suspended sediments distribute
rather homogeneously in the estuarine reach due to effects of the flood and ebbj
currents, which are related not clesely with the runoff, The grain size less thanl
0.1 mm of the suspended sediments amounts to 94,9%, and the medium size is °
0,027 mm at the Station of Datong, The medium size in the estuarine reach is
about 0,0086 mm,

The Changjiang estuary is a mesotidal estuary, There exist the regular semi-
diurnal tides out of the mouth, and non-regular semi-diurnal tides inside, The
tidal range of the South Branch is reduced upstream from the mouth, The aver-
age tidal range for years at Zhongjun Station nearby the mouth is 2,66 m, and
the maximum is 4.62 m, The tidal range at the Wusong Station nearby thef
mouth of the Huangpu River is 2,21 m, The channel of the North Branch is
trumpet-shaped, the tidal range is larger than that of the South Branch, and
trends to be increasing gradually upstream from the mouth, The bore phenomenon
occurs at the reach between the Yonglong Sand and Qinglonggang, and the height
of the bore can reach 1 m, The tidal range of the north bank is larger than that

of the south bank due to the action of the Coriolis force and other factors, In
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general, the tidal range at the north bank of the South Channel is higher 40~
50 cm than that at the south bank according to the measured data,

The tidal current moves back and forth inside of the mouth, and is trans-
formed into the rotary tidal current out of the mouth, The rotary direction is
most clockwise, In general, the velocity of the ebb current is larger than that
of the flood current, The tidal prism in the estuary reaches 266,300 cubic
meters per second, which is 8,8 times of the annual averaged discharge when
the tidal range out of the mouth is closed to the averaged tidal range and the
runoff from the upper reach approaches to the annual averaged discharge, The
tidal prism is 1,300 million cubic meters at neap tides during the dry seasoms,
and 5,300 million cubic meters at spring tides during the flood seasoms, The
direction of the tidal wave propagation is about 305° at the mouth, The curves
of the tidal level and current have the phase difference under actions of the
runoff, the topography and other factors, There are four stages within a tidal
period : the flood current of the flood tide, flood current of the ebb tide, ebb
current of the ebb tide, and ebb current of the flood tide, |

The distances of saltwater intrusion in the Changjiang estuary have great
differences due to the section shape, the runoff diversion and the "tidal charac-
teristics of the different bifurcations, The saltwater in the North Branch intrudes
farther than that in the South Branch, In general, the limit of saltwater intru-
‘sion can reach to the upper section of the North Branch and the middle section
of the South Branch during the dry seasons, and during the flood seasons it can
reach to the middle section of the North Branch and to the mouth bars in the
"South Branch, Under the special dry water with the spring tide, the saltwater
intrusion of the North Branch can reach to the mouth of the current diversion
between the South and North Branches, The fresh water is filled within the
mouth bars of the South Branch under the special flood water with the neap
tide, The mixing of the saltwater and freshwater in the North Branch is quite
homogeneous in vertical, and the same phenomenon can not be seen nearby the
mouth of the South Branch, except at spring tides during the dry seasons, The
probability of partially mixed estuary occurs in the most whole year, and the
highly stratified pattern appears when the large discharge of the flood peak
occurs and the tidal range is very small,

Thé residual flow of the Changjiang estuary is quite complicated, The stre-
ngth and the direction of the residual flow depends mainly upon the comparison
of the runoff with the tidal current, and the degrees of the tidal wave distortion
in the upper iéaches of the South and North Branches and of the Sonth and
North Channels, The direction of the residual flow within the ebb channel cor-
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tesponds to the ebb current and the direction of the residual flow within ihe flood
channel corresponds with the flood tidal current, which results in the counter-
clockwise circulation, In the lower reaches of the South and North Passages and
of the North Channel, there exists an estuarine circulation with the upper layer
flowing seaward and the landward flowing of the lower layer, which is affected
by the saltwater wedge in plane, The turbidity maximum lies nearby the null-
point and extends about 25~46 km long, The variation of the suspended sediment
concentration at surface is 0,1~0.,7 kg/m®, and at the lottom layer is 1~8
kg/m?, There often appears the fluid mud at neap tides during flood seasons, The
direction of the residual {low in the offshore zone is mai-ily eastward at surface,
northward by north in the middle layer, and trends to be westward by west in
the bottom layer, The runoff is the major part of the residual flow in the upper
layer, and the residual flow in the middle and bottom layers are related to the
Taiwan Warm Current and its traction force.

The current systems out of the Changjiang estuary have the Taiwan Warm
Current, the East China Sea’s longshore current and the northern liangsu’s
longshore current, The features of the Taiwan Warm Current are as follows
high-temperature, high-salinity, good-transparency, and weaker in winter and
stronger in summer, The salinity varies in the range of 34,0~34,7% and the
temperature is 20°~28°C in summer, and in winter the salinity is 33,0~34.6%,
and temperature is 10°~17°C. The following characteristics of the northern
Jiangsu’s longshore current are: low-temperature, low-salinity, poor-transparency,
and stronger in winter and weaker in summer, It penetrates into the scope of the
Yellow Sea cool water mass in latitude 33°N and in longitude 122°30’E, and
expands southeastward, In summer, the Taiwan Warm Current strengthens and
the northern Jiangsu’s longshore current weakens, the diluted water of the
Changjiang moves at first southeastward along the bifurcations nearby the mouth,
then flows eastward or northeastward at 122°30’E, and the fartherest effects
of the diluted water can reach nearby the Jizhou Island (Korea), In winter, the
Taiwan Warm Current weakens and the northern liangsu’s longshore current
strengthens, the diluted water of the Changjiang flows southward along the coast,
and becomes the major parts along the coasts of the East China Sea,

The waves of the Changjiang estuary are mainly the wind-driven waves, and
secondly are swell, The direction of wind-driven waves changes very obviously
with seasons, and the wave with the northward direction prevails in winter,
and the southward &e prevails in summer, The spring and the autumn are
the transition secasons, and the frequency in different directions disperses greatly,

The swell is mainly the eastward waves, and seldom appears in other directions
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The wave height decreases upstream from the mouth, The averaged wave height
of the Yinshuichuan at the mouth is 0.9 m, the maxunum height is 6.2 m, and
the averaged period is 3,9 seconds, The averaged wave helght of the Gaogiao
Station 80 km from the mouth is 0,4 m, the height maximum is 2,3 m, and the
averaged period is 1.7 secbnds ' . ‘

The river channel of the Changpang estuary downstream frem Xulujing is
characterized by the regular bifurcations, The phenomenon of the route diver=
gence of the flood and ebb currents is obvious in the Changjiang estuary, the
direction of the ebb current deflects the south by south, and the flood current
deflects the north by north under actions of the Coriolis force, The sediments
deposit easily within the zone between the routes of the flood and ebb, and the
middle-ground sands are formed, thus promoting the channel bifurcations, Down-
stream from Xulujing the estuary is divided first into the North and South
Branches by the Chongming Island, the South Branch dowastream from Liuhe
rivermouth is divided into the North and South Channels by Changxin and Heng-
sha islands, and finally the South Channel is branched into the North and
South Passages downstream from Jiuduansha, So the situation of the three-order
bifurcations and four outlets into the sea was formed, ' -

The channel bed changes easily and the main channel swings frequently in
the estuarine reach under actions of the two forces : the runoff and the
tidal current, At the middle of the 18th century when the main stream of the
Changjiang returned to the South Branch, the North Branch is shallowed gra-
dually, and the water déptﬁ of the main channel is less than 5 m where large
ships can not navigate, The North Branch becomes a flood channel dominated
by the flood current because the runoff into the North Branch decreases and the
tidal current strengthens, The water and sediments return to the South Branch
when the runoff is small and tidal range is large, which affects the water qua-
lity and the channel stability of the South Branch, The South Branch is the
main passage discharging the runoff of the Changjiang river, in which the wa-
ter surface is wide and there exist many sands as well as shoals underwater,
The river channel evolution is complicated under actions of flood and ebb cur-
rents with the dominant ebb current, especially nearby the outlet of current
diversion of the South and North Channels downstream where the shoals and
channels change severely, The Chongming Island between the South and North
Branches was formed by a series of sands, and has the tendency of the erosion
at south and the growing at north as well as attaching into the northern Jiangsu
in future, V

The runoff distribution of the South and North Channels approaches to each
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other, i,e,, the North Channel is in the range of 36.6~65.3% and the South
Channel is in the range of 34,7~63.4% of the runoff, The discharge diversion
of the North Channel is larger than that of the South Channel since 1958. The
runoff distribution of the South and North Passages approximates to that of the
South and North Channels, i,e,, the South Passage is in the range of 35,8~67,6%
and the North Passage is in the range of 32,4~64.2% of the runoff, Since 1965,
the discharge diversion of the North Passage is larger than that of the South Passage.
The relationship of the runoff distribution alternates between the South and North
Channels and the South and North Passages due to the approximate quantity, The
South Channel was the main waterway for the Shanghai port in 1842, the North
Channel became the main waterway due to the depth of the the South Channel
shallowed after 1870, and in 1927 when the upper outlet of the North Channel
shallowed, the waterway into the sea returned back to the South Channel,

There are mouth bars on the navigable waterway of the four bifurcations,
The mouth bars in the North Branch are situated in the inmer of it, and the
mouth bars in the South and North Passages as well as in the North Channel
are situated nearby their mouths, The area of the mouth bars is the major place
for the sediment settling in the Changjiang estuary, In general, the water depth
to the top of the sands in the mouth bars regions is about 6 m, and it is stable
for a long time, except in t':e North Branch, Such natural depth in the mouth
bars regions is rather good conditions in the world, However, it has the follow-
ing characteristics ¢ the sands is long, the slope is gentle, and its variation is
complicated, The mouth bars change with seasons, it is silted during the flood
seasons and eroded during the dry seasons as well as it is silted at neap tides
and eroded at spring under actions of the runoff, the tidal current, and the
density current of the salt- and fresh-water, The Tongsha sand is the largest
mouth bar of the waterway in Changjiang estuary, The length less than 7 m in
depth is about 25 km, and the length less than 10 m of the water depth is more
than 60 km, It is the natural barrier of the waterway into the sea, The South
Channel and the South Passage is used as a waterway of the Changjiang estuary
into the sea for more than 50 years, The water depth in the mouth bars regions
of the South Passage was dredged from 6 m to 7 m in 1975, and since 1979 it
has been so difficult to maintain the dredging channel depth that the 7-m deep
waterway was dredged in the North Passage in 1983,

There is a submerged delta out of the Changjiang estuary, which is about
more than 10,000 square kilometers in area, Its upper end is the apex of the
mouth bars and the depth of the lower edge is about 30~50 m, It borders on
the northern Jiangsu in the north and superimposes the gentle seabed of the Hang-
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zhou Bay across the Daji and Xiaoji islands, The materials composed of the
submerged delta are coarser in the north and finer in the south, and their border
is nearby the latitude of 31°20’N, The frontal edge is joined with the residual
sands of the shelf, The submerged delta progresses seaward gradually with the.
variations of the siltation and erosion according to the comparison of the charts
during the last 100 years and more, The major siltation area from 1860 to 1927
is situated at the outside of the east bank of the Chongming Island, and from
1927 to 1976 the area is located at the outside of the east bank of Nanhui, and
the deposition rate is very fast, However, at the outside of the mouth of the
North Channel and of the east bank of Hengsha Island the 4eposxt‘10n rate is so
slower that it is relatively stable, '

The ion discharge of the Changjiang river each year is 148,23 million tons,
that amounts to 43% of the total ion discharge, The sediments more than 50%
from the Changjiang drainage basin deposited nearby the rivermouth, and a large
amount of sediments were transported into the sea, It can be seen, from the
sediment concentration distribution and the suspended sediment composition, that
the content is reduced obviously eastward from 122°30’E, The quartz more than
50 p of the grain size, the carbonates and the mica, floc and organism more than
60 u of grain size are extended in the vicinity of 122°30’E, and farther to the
east, “the grain size and quantity are reduced rapidly, It can be seen-from this
that the areéa between 122°30’E and 123°FE is an important border for the east-
ward diffusion of the suspended sediments from the Changjiang river, It corres-
ponds” ta the front of the.submerged delta, The sediments discharging into the
sea diffuse in the direction of the east by south, that is an important source
for the fine sediments of the Hangzhou Bay and aloqg the coasts of the Zhe-
jilang province,

The Changjiang river is one of the several rivers with good navigation con-
ditions in the world, namely “Golden waterway”, in which 10,000~ton ships
can go Hiréctlylio Nanjing, Jiangsu province, The Changjiang estuary is the
throat of the river, and the gate of the Shanghai port — the larest port in our
country, The Shanghai port can handle up to 110 million tons of cargoes in 1985,
At present, there are many important enterprises underconstructed or to const-
ruct in future in the south bank of the lower South Branéh except for the com-
pletion of the Baoshan Steel and Iron Complex, There are underdeveloping
harbors of Zhenjiang, Zhangjiagang, Nantonggang downstream from the Nanjing
harbor in the Changjiang river, The abundant beach resources both sides of the
river can be developed gradually to be reclaimed into land, The output of the
river is carried through the estuary into the open sea, which provides an abundant

.‘7.~



nutritious materials for fish, For reasons given, the sea regions out of and nearby
the Changjiang estuary become the largest fishing areas in China, It may be seen
that the development and utilization of the Changjiang estuary have 1mportant
meaning to promote the production of industries and agriculture, and foreign
trade, and the development of the river- and ocean- coordinated transport of
the Changjiang drainage basin, especially in the Shanghai economic region,

The construction causes, however, are also affected by the estuarine procves--

ses, that is, there are the mouth bars in the Changjiang éstuary, the depth of
the waterway is insufficient, the river channel changes fréquently "and shoals:
underwater migrate, thus threatening the waterway’s stablization and resulting
in the harmful effects on the protection of the shore and beaches due to the
variance of the estuarine flow and erosion by the strong wave, For stablizing
the river channel, protecting the shore and beach, and reclaiming the land from
the sea, it is necessary to make a thorough investigation and to study compre-
hensively, In the other hand, the large-scale engineering measures in the middle
or/and the upper reaches of the river often reform the natural balance in the
estuarine area, The natural adjustment occurs and sometime it may give tremen-
dous effects to the estuary, So, it is worth noticing the phonomenon having
occured in other estuaries in the world, such as the Nile estuary, What may be
happened about the estuarine channel, ecology and environments as well as na-
tural resources of the Changjiang estuary after construction of some important
water conservancy projects, such as the “south-to-north water transfer” and
“Three Gorges Dam” 9 The problems mentioned above all want to propose the!
situation-forecasts and take the corresponding measures through the deeply study
on the Changjiang estuary, so that the estuarime ecology, environments and
resources destruction can be avoided,

It would be much trouble to study deeply and systematically such a large
estuary as the Changjiang estuary before the modern sciences development becau-
se - the Changjiang estuary is so wide, the sediments and water from the drainage
basin is very abundant and the in- or out-tidal volume is so vast, However, ‘.?
there are some valuable historical records of the Changjiang estuary in the China’s
history, The variation of the hydrologic ccnditions of the Changjiang estuary in
history was described in the boocks, namely “Qifa” written by Mei Cheng and
“Jiangfu” written by Guo Po, The historic records of the Six-Dynasty showed the
extent of the surge in the Changjiang estuary, Many historical facts of the deltaic
coasts extanding seaward and narrowing processes of the estuary were recorded in
the various historical data and local history (Difangzhi), In the 1840’s, the Chan-
nel charts of the Changjiang es'tuary were measured using the modern techniques,
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