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The Qiantang Estuary which fronts on Hangzhou Bay is a typical funnel-shaped estuary. It
formed under specific geomorphological and hydrological conditions. This article discusses the
development processes of the estuary and the large bar that occurs in it. The funnel-shape is a
prerequisite for the formation of the bar which conditions the existence of the Hangzhou bore.
There is a temporal sequence that extends from the time of the formation of the funnel-shaped
estuary through that of the bar to the bore.

ADDITIONAL INDEX WORDS: China, delta, deposition, estuary, bar, sediment flux, texture,
tidal bore. tide. Yangtze.

INTRODUCTION

The Qiantang River empties into Hangzhou
Bay in the vicinity of Ganpu (Figure 1). The
area of its drainage basin is 49,900 km", its
mean annual discharge is 2.905 x 10 ' 0 m", and
the quantity of mean annual sediment trans
port is 6.68 x 10 6 tons. The length of the estuar
ine region, from the tide-influenced limit at
Luccibu (A in Figure 1) to the mouth of Hang
zhou Bay (D), is 270 km. This zone can be
divided into three sections: (1) the upper section
(A-B), which is 83 km long. In it there are many
islets and the river bed is relatively stable; (2)

the middle section, known as the Qiantang
River, extends from Wenjiayan (B) to Ganpu (C)
and has a length of 101 km. It contains a large
bar, is wide, shallow, and anastomosing, and
has the famous Qiantang bore; (3) the offshore
section, i.e. Hangzhou Bay (C-D), extends
downstream from Ganpu for 90 km, is funnel
shaped, and has a stable bottom,

The Qiantang Estuary is a typical funnel
shaped bay in contrast to the Changjiang
(Yangtze River) which has formed a large del
taic system. The difference in the development

89022 received 14 April 1989; accepted in revision 16 January 1990.

of these 2 river mouth areas is related to sedi
ment discharge. For example, the Changjiang
transports 4.7 x 109 tons of sediment per year
whereas the Qiantang transports only 5-6 x
106 tons or less than 2 percent as much.

The funnel-shape of the Bay gives rise to
strong deformation ofthe tidal wave and
strengthens the tidal current. The strong tidal
current significantly influences the geomor
phological processes and sedimentation in the
Qiantang River and Hangzhou Bay. The study
of the geomorphological and sedimentary pro
cesses in Qiantang River and Hangzhou Bay is
of value to the theory of estuarine research and
provides a scientific basis for land reclamation,
channel control, and coastal protection. The
upper section (A-B) was the subject of a paper
by YU et al., (1964).

THE FORMATION OF THE FUNNEL·
SHAPED HANGZHOU BAY

In plan view, Hangzhou Bay has a funnel
shape with its width decreasing from mouth to
apex. The width of the Lucaogang cross-section
located in the bay mouth is 100 km, at Ganpu
20 km, and in the vicinity of Hangzhou, only 1
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Figure 1. Location of the Qiantang Estuary.

km (Figure 1). The development of the funnel
shape is related to the depositional history of
the shorelines of Hangzhou Bay. This develop
ment has occurred in conjunction with the for
mation of the Changjiang Delta (Figure 2).

About 7,000 BP, during the period of postgla
cial transgression, sea water reached the river
section upstream of Fuyang (CHEN, 1964l.
During that period, West Lake (situated in
Hangzhou) was a lagoon (WANG PINXIAN and
YE GUOLIANG, 1979). By 5,000 to 6,000 BP,
the coastline of the Changjiang Delta was about
5 km to the west of the 3,000 BP line (Figure 2).
At that time, Hangzhou Bay was a drowned val
ley. For 2-3,000 years, the coastline was rela
tively stable because of the small quantity of
silt carried by the Changjiang (LIU et al., 1985
and LIU and WALKER, 1989). During this
period, Hangzhou Bay was not funnel-shaped.

After about 3,000 BP, human modification of
the Changjiang drainage area resulted in a
large increase in the quantity of sediment in
the river and the delta advanced rapidly. By
400 AD, the coastline had moved eastward 15

to 20 km and reached the Ganpu-Wangpan
shan-Zhoupu line (Figure 2). The southern
coastline extended along the Xiaoshan-Cixi
Longcheng line. With continuous progradation
of the Changjiang Delta, Nanhui Cape (a nodal
point between the Changjiang Estuary and
Hangzhou Bay) migrated north-eastward. In
this way, the width of the Bay increased, result
ing in deformation of the tidal wave and
strengthening of the flood tidal current. The
flood tidal current from Zhoushan Archipelago
flowed toward the northern coastline of the Bay,
and the coastline along the Wangpanshan
region was eroded. In the 12 t h Century, the
coastline retreated to the Ganpu-Dajinshan
Nanhui line. By 1250 AD, the Dajinshan and
Xiaojinshan hills had become islands. In 1472
AD, a seawall of stones was built replacing an
earthen dike in order to control erosion. While
the western section of the northern coastline
was being eroded, the front of the Changjiang
Delta was prograding rapidly (CHEN, 1988). As
a result, the northern coastline of Hangzhou
Bay advanced 40 km eastward leading to the
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Figure 2. Coastline change in Hangzhou Bay through time.

modern configuration of the northern coastline
of Hangzhou Bay (Figure 2).

The southern coastline of Hangzhou Bay
aggraded slowly before the 14 t h Century. In the
13t h Century, historical records show that there
was a retreat of 8 km (CHEN, 1947). Since the
14t h Century, the rate of siltation has been
rapid; the maximum rate occurred in the vicin
ity of Andong. Its beach prograded 15 km in 600
years at a rate of 1 km/40 yrs and the southern
coastline became arc-shaped projecting north
ward.

Historical records show that around 3,000
BP, Hangzhou Bay was a wide, drowned valley,
and that the funnel shape had already begun to
develop. In this period, because the bay mouth
was relatively narrow, the quantity of tidal
water entering the bay was less than today and

the deformation of the tidal wave was not as
extreme as it is today.

FORMATION OF THE LARGE BAR IN
THE QIANTANG ESTUARY

Shape and Sequence of Bar Formation

On the longitudinal profile between Zhapu
and Wenjiayan, there is a major bar (Figure 3).
Its highest point, located betweenCangqian and
Qibao, is 13 m higher than the bay bottom near
Zhapu. The bottom gradient declines at the rate
of 0.1 to 0.2 ppt downstream and 0.06 ppt
upstream. The bar is 130 km long, 27 km wide,
and has a maximum thickness of 20 m. The
total volume is about 4.25 x 10'0 m' (CHEN et
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Figure 3. Longitudinal Profile of the Qiantang Estuary.
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Figure 4. The longitudinal geologic profile of the large bar in Qiantang Estuary.

al., 1964). Its longitudinal and cross-sectional
profiles are all convex.

The bar is mainly composed of s i lt.' The
medium diameter of the grains is between 0.026
and 0.090 mm with those with diameters of 0.02
to 0.04 mm predominating. The deviation coef
ficient is about 1.2. It shows horizontal and
oblique bedding. There are some lenses com
posed of silty clay, which are intercalated in the
silt of the bar. The entire bar overlies mud lay
ers of a marine facies that formed in the middle
of the Holocene gi ving a coarsening upward
Holocene sedimentary sequence. The bottom of
the shallow-sea facies mud is uneven. Under it
are late Pleistocene fluvial deposits (Figure 4).
The sedimentary facies mentioned above, from

1. Historically this bar has been referred to as a Rand bar (Chen et
al: 19641.

bottom to top, have a vertical sequence-fluvial
facies !shallow sea facies! estuarine facies
which demonstrates the development of the sed
imentary environment since the late Pleisto
cene in the bar region of the Qiantang Estuary.

Formation of the Bar

Sand bodies are built under specific geomor
phological and hydrodynamical conditions. The
formation of the bar is related to the funnel
shape of the estuary which affects the nature of
the tidal wave and the characteristics of fresh
water runoff and sediment conditions.

Deformation of the Tidal Wave The con-
stricting nature of the shorelines in the estuary
results in increases in tidal range and tidal
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wave deformation as a tidal wave progresses
riverward. As a result the velocity and there
fore carrying capacity of the flood current is
much larger than that of the ebb current. For
example, in the Lucaogang section near the
Hangzhou Bay mouth, the maximum vertical
mean flood and ebb current velocities are
almost equal: 130 em/sec and 131 em/sec respec
tively. In the Wangpanshan section near mid
dle of the Bay, the maximum vertical-mean
velocities of the flood and ebb current are 206
em/sec and 171 em/sec respectively (LI and HU,
1987). Upstream of Haining, the flood current
velocity is twice that of ebb current velocity
(DAI, 1980) (Figure 5). The predominance of the
flood current results in deposition within the
Estuary.

Freshwater Discharge In the Estuary,
there are two opposing currents, river flow and
flood tidal current. The relative strength of
these two currents determines the position of
sediment deposition. According to data col
lected from 22 estuaries, QIAN et al . (1964)
pointed out that the position of sand bar for
mation in estuaries is related to the ratio QlI

Q2 (Q1-bed-forming discharge, Q2-mean
tidal discharge). When Q1/Q2 < 0.02, sediment
is deposited inside an estuary and when QlIQ2
> 0.10, sediment is deposited outside an estu
ary. The bed-forming discharge in the Qiantang
Estuary is 1,980 m3/sec, and the mean tidal dis
charge near Ganpu (near the dividing point
between the Qiantang River and Hangzhou
Bay) is about 1.9 x 105 mvsec. So QlIQ2 is 0.01.
Therefore, the depositional zone is located in
the Qiantang River and a bar is built.

Nature of Sediment Transport In the
Qiantang River, water is clear and the quantity
of suspended sediment is small. The mean sus
pended sediment in the water column is 0.2-0.4
gil. The total annual mean sediment transport
is only 6.68 x 106 tons, Therefore, the Qiantang
River is not the main material source of the bar.
However, the mean suspended sediment capac
ity near Ganpu is as high as 3-4 gil and the
total quantity of sediment moved is as high as
1 x 10E + 07 tons per tidal period. So it can be
concluded that most of the material building
the bar comes from Hangzhou Bay,

4

3

"U
0 2..2

u,

~

1
c 0 --'C;
0

-.;
>

J
,

.D ,".D 2 ",UJ

\ / ...... /
3 ,-/

17 19 21 23 3 5 7 9 11 13 15 17 19 21 23

Time in hours

- Ganpu - - Jianshan --- Haining - - - Hangzhou ••••• Cangqian

Figure 5. Flood and ebb velocity curves at selected stations.
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The Bore

Wh en the tidal wave propagates into the Bay ,
the narrowing geometry causes an in cr ease in
the tidal r ange . For exa mple , the mean tidal
range of Lucaogang near the ba y mouth is 3 .21
m , at Jinsha , 3. 91 rn, and at Ganpu , 5.54 m. At
Ganpu the max imum range is 8 .93 m .

Between Ganpu and Jianshan , wh en th e
wave is highl y a symmetric , it begin s t o be
affected by the bar (F igu re 3 ) and soon br eaks ,
formin g the famous Qiantang bore (F igu res 6
and 7 ) (CHEN et al ., 1964). The bore is at a max
imum near Haining, where the hei ght of the
tidal wave av erages 1-2 m , with a maximum
height of over 3 m.

RIVER BED CHANGE

Th e bar between Wenjiayan and Ganpu
ch anges ch aracter more frequently than else
wh ere for seve ra l reasons , including:

( 1) Th e bed in the bar sect ion is wid e and

shallow. The mean depth is only 1-1.5 m . At
low water, the ratio of width and depth
(vB/Hl is large . For example , the ratios in
Cangqian , Haining , and Jianshan are 29 .6,
37 .3 , and 44 .6 , respectively. They are almost
equal to that of the Huanghe (Yellow River) bed
which is famous for its shifting characteristics.

( 2) The material in shoa ls and channels is
mainl y fine silt (0 50 = 0 .02-0 .04 m m ) with
small deviation , a nd its resistance to erosion is
poor. A current with a velocity of 0.3-0.4 m/sec
is enough to resuspend the particles.

(3) Tidal currents are strong. The maximum
vertical-mean current velocity is 4 to 5 m/sec.
Bed-building forc es are very strong and the sed
iment-load concentration of the current is
large . Th e maximum concentration is 51 gil.

( 4) The growth and decline of the relative
st re ngt h of di scharge and tidal current and the
divergence of the dynamic axis of flood and ebb
currents cau se th e main current to shift
between the northern a nd sout her n banks.

Because of the sh ift ing position of the main
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Fig u re 6. Front edge of t he Qia nt a ng bore on 17 October 1989. (P hoto: II . J . Wa lk er }.
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current the banks are formed and eroded irreg
ularly, In order to protect the bank, sea-walls
were built more than 1,000 years ago (CHEN,
1988) . The rock sea-walls built in the Ming and
Qing dynasties were major coastal engineering
structures and rank with the Great Wall and
the Grand Canal as the greatest engineering
projects in ancient China.

In the historical period, the channel between
Hangzhou and Jianshan changed course several
times (F igure 8) . Before 1695 AD , the channel
passed through the South Passage between
Zheshan and Kanshan . After 1695 AD, the
South Passage silted up and the channel passed
through the North Passage , north of Zheshan .
In the short periods from 1680 to 1695 and from
1747 to 1759, the channel ran into Hangzhou
Bay via the Middle Passage. Since 1759, the
currents have passed through the North Pas
sage .

In the past 200 years, the shorelines have
been relatively stable but the thalweg has
moved . During the period 1954-1969, the thal -

-'

~..
- . ... . " ...

weg varied its position within a band 20 km
wide (F igure 9). The movement of the thalweg
is characterized by both multi-year changes
and seasonal changes. In dry years, the ebb cur
rent weakens and the main current moves
southward ; in flood years , the ebb current
st rengt hens and the main current moves north
ward. Some variation also occurs seasonally.
With the shifting of the main current the shore
is often eroded . The maximum recorded erosion
was 245 m in one day.

With suspended sediment moving upstream
and downstream , the height of the river bed
often changes. The mean variation, upstream of
Haining, is more than 4 m with a maximum of
9 m. The variation of river bed height is also
related to the contrasting strengths of runoff
and tide. Generally speaking, during a flood
year or flood season , the river bed erodes, the
height of the bar summit decreases , and the
location of the summit moves downstream; dur
ing dry years or the dry season , the river bed
silts up , the bar summit increases, and the posi-

Figure 7. Bore as it approach es a gr oin in th e Qiantan g Estuar y. (Photo: H. J. Walker ).
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Figure 8. Passage changes in thc Qiantang Estuary.

Figure 9. Shifting of the thalweg in the Qiantang Estuary (from Dai and Li, 19801.
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Figure 10. Changes in elevation of the bar relative to the
ratio of the fresh/tidal water (from Qian et 01.,1964).
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Figure 11. Changes in location of the bar in relation to the
ratio of the fresh/tidal water (from Qian et 01.. 19641.

EROSION AND DEPOSITION IN THE
HANGZHOU BAY

East of Ganpu, the depth of Hangzhou Bay is
8 to 10 m. In the northern part of the Bay, there

tion of the summit moves upstream (Figures 10
and 11). In other words, the periodic variation
of the ratio Ql/Q2 results in both crosswise
movement of the streamline and strong longi
tudinal deformation of the bed.

Continuous deposition in the bed results in
enlargement of the beach area and in raising
beach heights. Since 1968, 800,000 mu (1,500
mu = 1 krn") of this deposited area have been
reclaimed (Figure 12). On the southern bank,
the coastline of Toupeng has advanced north
wards 7 km, and has resulted in a narrowing of
river width from 11 km to 2.5 km along the
Yanguan-Toupeng section and from 26 km to 15
km along the Jianshan-Sanjiangzha section.
This narrowing has been beneficial to the sta
bility of shoreline.

Figure 12. The location of polder areas upstream of Ganpu.

is an erosional area with a depth of more than
10 m. However, in Jinshan channel, the mean
depth is 20 m and the maximum depth is 50 m.
The channel was formed by the action of flood
tides and eddy currents. In the southern part of
Hangzhou Bay an arc-shaped shoal with a
width of more than 10 km has developed (Fig
ure 13). In the vicinity of the Qizimei Island
there is a tidal current ridge with a length of20
km and a width of 2 to 3 km. Its longitudinal
direction is NW-SE in correspondence with the
direction of tidal currents. In addition, in the
near bank zone between Ganpu and Jinshan,
there are several erosional channels and tidal
current ridges of different sizes.

Hangzhou Bay can be divided at Jinshan into
2 parts: east and west. In the eastern part, bot
tom topography is more or less uniform and the
difference between erosion and deposition is
small (Figure 14).

In the western part of the bay, the bottom top
ographic change is relatively large, and the
extent of erosion and siltation is also large.
Because the Andong shoal has silted up rapidly
in past decades, the channel has narrowed. This
narrowing has caused heavy bottom erosion in
the northern part of the Bay. In the nearshore
area between J inshan and Ganpu the mean
annual rate of vertical erosion is more than 5
em with a maximum of more than 20 ern/yr. In
the southern part, deposition predominates.
The rate of deposition exceeds 5 cm/yr, with a
maximum rate (20 cm/yrl occurring in the
vicinity of Andong shoal. The only exception is
to the west of Andong shoal, where partial ero-
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Figure 13 . 18th Ce nt ury ma p showi ng gro wt h of bar (Sout h is up on th e map ). The pagoda in t he center of t he photo is a t Ha in in g.
Original in th e Libra ry of Congress lis ted as Hu mmel 1930, No.4 .

sion occurs due to a southward shift of the main
current.

HANGZHOU BAY AND SEDIMENT
EXCHANGE

In Hangzhou Bay the variables of topogra 
phy, runoff, and sediment conditions complicate
sediment exchange . Variations occur between
the areas inside and outside of the Bay, between
Hangzhou Bay and the Changjiang Estuary,
and between Hangzhou Bay and the Qiangtang
River . They also occur between bottom sedi 
ment and suspended sediment in the Bay a nd
crosswise in the Ba y.

Sediment Exchange Inside and Outside
Hangzhou Bay

The Hangzhou Bay mouth , with a width of
a bou t 100 km, has the highest tidal range in

China . Under the action of st rong flood and ebb
tidal currents, sediment moves upstream and
downstream periodically. According to survey
ing data , the quantity of tidal water entering
a nd exiting Hangzhou Ba y during a tidal period
is 2.10 to 3 .67 x 1010 m": the quantity of sedi
ment is 2.70 to 8.22 X 107 tons. But the net flux
ranges from 4 to 11 X 106 tons, which accounts
for 5 to 10 percent of total quantity of sediment
transported . Because the grain size of the sus
pended sed imen t entering a nd exiting Hang
zhou Bay is sma ll with a medi urn diameter of 9
to 11 u , a nd the velocity of the current in the
Ba y is large, most sediment remains in suspen
s ion and moves back and forth with the tidal
currents.

This exchange has an obvious seasonal vari
ation . Usually, the net sediment flux is outward
in summer and inward in winter. In summer,
the br anch of the Kuroshio-Taiwan warm cur
rent causes the main axis of Changjiang dis-

J ournal of Coa s ta l Resea rch , Vol. 6, No. 3, 1990
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Figure 14. The rate of erosion and deposition during 1959-19791ml.
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charge to move NE, and causes the offshore
hyper-saline and low-sediment water body to
approach Hangzhou Bay. During flood periods,
low-sediment-laden water runs into the Bay.
With the increase in velocity, sediment-carry
ing capacity increases, bottom erosion
strengthens, and large quantities of bottom sed
iment are resuspended. During ebb periods,
high sediment-laden water runs outside the
Bay. So in summer, the sediment flux is out
ward.

The opposite condition occurs in winter.
Because the main tongue of the Changjiang dis
charge moves south, the hyper-saline and low
sediment-laden water outside Hangzhou Bay
retreats. Thus, low-saline and high-sediment
laden water moves out of the Bay. In flood
period, the high-sediment-laden water runs
into the Bay. The sediment flux is inward.

SEDIMENT EXCHANGE BETWEEN
HANGZHOU BAY AND THE

CHANGJIANG

The annual runoff of the Changjiang is 9.25
x 1011 m", and the annual sediment runoff is
4.86 x 10" tons. The majority of sediment is
deposited in the estuarine region. A small part
of the sediment diffuses outward, and moves
south along with the Jiangsu-Zhejiang coastal
current. Hangzhou Bay, adjacent to the Chang
jiang Estuary, is influenced by the current. The
direct sediment exchange between the Cha
ngjiang Estuary and Hangzhou Bay is con
firmed by the following facts:

(1) In sediment distribution diagrams, both
winter and summer, there is a high sediment
laden region which extends from the Chang
jiang Estuary to Hangzhou Bay (Figure 15).

Journal of Coastal Research. Vol. 6. No.3. 1990
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Figure 15. Distribution of suspended sediment in Hangzhou Bay and Changjiang Estuary (gill: (AI July 21. 1982, spring flood

tide; lEI July 21,1982, spring ebb tide; ICI December 16,1982, spring flood tide; 101 December 16, 1982, spring ebb tide.
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(2) The salinity distribution diagram shows
the direct influence of Changjiang's slightly
saline water on Hangzhou Bay. The nearshore
area of the northern part of the Bay has lower
salinity and the salinity of the Bay is higher
than that of the Bay mouth (Figure 161.

(3) Field data from the front of Nanhui shoal
demonstrate that there is a residual current
pointing SW -S. Thus, there is a current from
the Changjiang passing through Nanhui and
entering Hangzhou Bay.

(4) The bottom grain-size distribution dia
gram shows that there is a sedimentary region
with silt-clay extending from Changjiang Estu
ary to Hangzhou Bay.

Sediment Exchange between Hangzhou
Bay and the Qiantang River

As mentioned above, there is a large bar in
the Qiantang River. The bar is still being
formed. Its material is mainly provided by
Hangzhou Bay downstream of Ganpu. Topo
graphic diagram comparisons between 1972
and 1982 show that total deposition in the sec
tion of Qibao-Ganpu was about 1.02 x 10" m',
while in the same period, the total quantity of
erosion in the section of Ganpu-Jingshan was
8.9 x 10" m'. During flood tide periods, large
quantities of sediment from Hangzhou Bay
enter the Qiantang River and are deposited.

During flood years and flood seasons, the river
bed in the river section is strongly eroded and
the summit of the bar moves downstream. In
this way, a small part of the sediment moves
outward, and joins the sediment movement in
Hangzhou Bay.

CONCLUSIONS

According to the analysis of sediment
exchange forms in Hangzhou Bay, it can be con
cluded that the material of the Qiantang River
bar comes mainly from the bottom erosion of
Hangzhou Bay and only partly from Cha
ngjiang Estuary and the adjacent region out
side the Bay. The source material coming from
the Qiantang River basin is almost negligible
in so far as the bar is concerned. Although the
sediment coming from the Changjiang has some
influence on Hangzhou Bay, the adjustment of
erosion and siltation in the Bay is no doubt the
most significant factor in sediment exchange.
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I-~ RESUME II
L'cst.ua irc du Qiantang, fa i sa nt face a la Ba ie de lIangzhou, est. nne cstuai r-c en cntonnoir. 11 s'est forme dans des conditions

geomorphologiques et hydrody namiqucs part icul icrcs. On expose lcs moda litcs du processus du dcve loppement de l'estuairc ct de
son importantc barre. La forme en cn t.onnoi r est une condition prca la blc a la formation de Ia barre, laqucllc conditionne l'existence

du mascaret de Hangzhou. La sequence sc dcrou le a insi dans lc temps: formation d'un cstuairc en entonuoi t-. d'une barre, d'un
mascareL-Catherine Breeeolier (G(;on1orpho!o!?ie EPlfH, Mont.nnuse, France).

RESUMEN
El cstuario de Quiantang f'rcn te ala hahia de Ilangzhou es el t.ipico cstuar-io con forma de embudo. Se forma bajo unas condiciones

geomorfolcgicas e hidrol6gicas espccfficas. Este articulo discute los proccsos de desarrollo del cst.uar io y la gran barf-a que se forma

en el. La forma del embudo cs un rcquisito prcvio para la Iomucion de la barra en la entrada de Hangzhou. Hay una secuencia
temporal que sc extiende desde la for-macion del ust.uar io. en forma de embudo, hasta la de la barra en la entrada.-Department

01' Water Sciences, Unicersity 01' Cu nt abria, Santander, Spain.

ZUSAMMENFASSUNG

Del' Qlantangastuar, del' del' Ilangzhoubucht gegcnuberlicgt, is t ein typischer trichterformigcr Astuar. Er bi ldcte sich unter spe
ziellen geomorpho1ogischcn und hydrologischen Bedingungen. Diesel' Artikel diskutiert die Entwicklungsprozesse des Astuars
und de r langgestreckten Sandbank. die in i h m auftritt. Die Trichtcrform i st cine Voraussetzu ng fur die Entstehung der Sandbank,

wclche die Hangzhou-Gczcitenwellc bedingt. Es ex ist iert cine zci t.licho Ahfolge, die sich von der Bildung des trichterf6rmigen
Ast.uars uber diejenige del' Sandbank his zur Aushildung del' (Iczei te nwcl lc erstrcckt.-lldmut Bruch ner . Geographisches lnstitut,

Unicereiuit Uneeeldorf. F.R.G.
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