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29.1 INTRODUCTION

Rivers form the major links between land and ocean 
through their transfer of water and sediment. Fluvial dis-
charges to the oceans, however, are unevenly distributed 
in both space and time, in large part infl uenced by both 
climatic (e.g. precipitation) and anthropogenic (e.g. dam 
construction) forcings.

The global water system has been greatly impacted by 
humans (Vorosmarty et al., 2003), and more than half the 
world’s large river systems are signifi cantly affected by 
dams or water diversions (Syvitski et al., 2005; Nilsson 
et al., 2005). Considering projected climate change 
and growing demographic pressures, the availability and 
quality of freshwater have become increasing concerns 
(Gleick, 1993, 2000; Shiklomanov and Rodda, 2003). 
Nowhere are these concerns more acute than in southern 
Asia, where water withdrawal has increased about fourfold 
since 1950 (Shiklomanov, 1999). China and India alone 
account for more than 40 % of the global freshwater used 
for irrigation (Gleick, 2000), and since 1950, China has 
built almost half the world’s large dams higher than 15 m 
(Fuggle and Smith, 2000).

Historically, terrestrial erosion has accelerated in 
response to deforestation and land cultivation, but in 

recent years sediment delivery from many rivers has 
decreased following construction of large dams. Those on 
the Colorado and Nile Rivers, together with extensive 
downstream irrigation systems, have resulted in almost 
total elimination of riverine sediment discharges to 
the coastal regions. As a result, the deltas of these two 
rivers are actively receding (Stanley and Warne, 1998; 
Carriquiry et al., 2001). In the Yellow River, the impact 
from dam construction has been greatly amplifi ed 
by decreased precipitation, leading to increased water 
consumption (Wang et al., 2006); water and sediment 
discharges now are <15 % of the 1950–1960s levels, and 
its once-prograding delta is now being eroded (Chu et al., 
2006).

The basin of the Yangtze River (Changjiang, Figure 
29.1) is home to 400 million inhabitants and includes 
>50 000 dams within its boundaries, making it one of the 
most highly impacted rivers in the world (Nilsson et al., 
2005; Yang, Z.S. et al., 2006). Recent climatic change in 
the Yangtze drainage basin has resulted in more melting 
of snow and ice at higher elevations (Wu, 2000; Chen, 
X. et al., 2001; Cyranoski, 2005), signifi cant decline in 
regional annual precipitation over the northern tributar-
ies, as well as more frequent and extreme fl ooding 
in recent years (Menon et al., 2002; Xu et al., 2005). 
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Numerous anthropogenic activities also have increasingly 
impacted the Yangtze since the 1950s. Water withdrawal 
and consumption of the Yangtze have expanded about 
fourfold as the population has doubled and irrigation 
withdrawals have increased (Ren et al., 2002). Since 
1988, sediment discharges in headwater streams have 
decreased greatly due to the Yangtze Water and Soil 
Conservation Project. Moreover, since June 2003, the 
Three Gorges Dam (TGD, the world’s largest in terms of 
hydropower-generating capacity) also started to impound 
both water and sediment. With full operation of TGD to 
begin in 2009, its threatening impact to the channel 
downstream of the dam and the coastal ecosystems is a 
cause for acute concern (Xie et al., 2003; Shen and Xie, 
2004). Plans for future large dams upstream of the TGD 
and the proposed south–north water diversions, almost 
certainly will accentuate existing anthropogenic impacts 
on the Yangtze.

In the past two decades, more than 100 papers have been 
published on water and sediment variations of the Yangtze 
River (Shi et al., 1985; Liu and Zhang, 1991; Zhang, 1995; 
Higgitt and Lu, 1996; Deng and Huang, 1997; Chen, Z. 
et al., 2001; Yang et al., 2002; Zhang and Wen, 2004; Yang, 
Z.S. et al., 2006), but few have been able to (a) address 
both spatial and temporal change of the whole Yangtze in 
a comprehensive way, (b) delineate and compare sub-basin 
variations, and (c) quantitatively separate climatic impacts 
from the human ones. In this chapter we discuss the spatial 
and temporal trends of both water and sediment fl uxes of 
the Yangtze drainage basin from 1950 to 2005, and attempt 

to quantify the river’s responses to various impacts. Spe-
cifi cally, we ask how have basin-wide and sub-basin water 
and sediment discharges responded to climatic (e.g. pre-
cipitation) as opposed to anthropogenic (e.g. dams) forc-
ings? Given the recent changes within the basin, what can 
we expect in the future and how will the coastal regions 
respond to these changes?

29.2 PHYSICAL SETTING

Draining a basin of 1.8 × 106 km2, the largest in southeast-
ern Asia, the Yangtze River is one of the world’s biggest 
rivers in terms of both water (5th; 900 km3year−1) and sedi-
ment discharges (4th; 480 million tons year−1) (Milliman 
and Meade, 1983; Milliman and Syvitski, 1992; Meade, 
1996). Originating in the Qinghai-Tibet Plateau (Saito 
et al., 2001), the Yangtze drains high mountains and fl ows 
through steep valleys in its upper reaches, meanders across 
low-gradient alluvial plains in its middle and lower 
courses, and merges with numerous northern and southern 
tributaries before debouching into the East China Sea 
(Figure 29.1). Mean annual precipitation rapidly increases 
in the downstream direction, from <400 mm in the north-
west to >1600 mm in the southeast; with the basin-wide 
annual precipitation averaging 1050 mm (Figure 29.2). 
Rainfall in the Yangtze Basin follows a typical monsoonal 
regime (Shi et al., 1985), with more than 60 % of annual 
precipitation falling during the wet season (March–August 
in the middle and lower sections; May–September farther 
upstream).

Figure 29.1 Yangtze River drainage basin. Dots represent six major gauging stations along the main stream. TGD, Three Gorges 
Dam. Four southern tributaries (A, Lishui River; B, Yuan River; C, Zishui River; D, Xiang River) fl ow into Dongting Lake and then 
enter the mainstem. Traditionally the Yangtze is divided into upper (above Yichang), middle (Yichang to Hankou) and lower (down-
stream of Hankou) reaches

90° 95° 100° 105° 110° 115° 120°

25°

30°

35°

Panzhihua

Pingshan

Cuntan

TGD Yichang Hankou

Dongting Lake

Datong

Jialing R.

Han R.

E
a

s
t 

C
h

in
a

S
e

a

Min R.
A

B

C D

Yangtze

Yellow

0 200 400 km N

c29.indd   610c29.indd   610 8/9/2007   5:21:02 PM8/9/2007   5:21:02 PM



The Yangtze River 611

L1

29.3 DATA AND METHODS

Monthly precipitation data (1951–2000) from 47 meteo-
rological stations throughout the Yangtze Basin (shown as 
crosses in Figure 29.2) were extracted from a 160-station 
precipitation dataset released by the Ministry of Meteorol-
ogy in China. Since these stations are not evenly distrib-
uted in space, basin-wide and sub-basin annual average 
precipitation were determined by interpolation and grid-
ding in a Golden Surfer program after equal-area projec-
tion in ArcView GIS software.

Water and suspended-sediment discharges were obtained 
primarily from the Bulletin of Yangtze Sediment in 2000–
2005, Changjiang Water Resources Commission, as well 
as from published papers (Shi et al., 1985; Higgitt and Lu, 
1996; Deng and Huang, 1997; Pan, 1997; Lu and Higgitt, 
1998; Chen, Z. et al., 2001; Shen, 2001; Yang et al., 2002; 
Zhang and Wen, 2004). Since bed load represents only 5 % 
of total sediment discharge from the Yangtze River (Chen, 
Z. et al., 2001), it is not discussed here. Annual water and 
suspended-sediment discharges from 23 gauging stations 
were collected to delineate temporal and spatial trends 
between 1950 and 2005. Runoff was calculated by dividing 
water discharge by its corresponding drainage basin area 
upstream from the gauging station. Monthly data were col-
lected from three mainstem stations (Yichang, Hankou and 
Datong, Figure 29.1). Sediment-yield data were compiled 
from Liu and Zhang (1991) and Dai and Tan (1996).

Trends for precipitation, runoff, sediment discharges as 
well as correlation coeffi cients (R2) between precipitation 
and runoff were calculated by linear regression. Nonpara-
metric Mann–Kendall analysis (Mann, 1945; Kendall, 
1975) was used to analyze the trends for precipitation and 

runoff over the same period, its calculation procedure 
explained in Smith (2000).

29.4 SPATIAL VARIATIONS OF WATER 
AND SEDIMENT

The Yangtze drainage basin can be divided into four dis-
tinct sub-basins (Upper1, Upper2, North and South, Figure 
29.3) based on patterns of runoff, sediment yield and sedi-
ment concentration. The drainage area upstream from 
the seaward-most Datong Station incorporates 94 % of the 
entire basin area and represents the basin-wide values (the 
grey regions in Figure 29.3). A disproportionate amount 
of Yangtze water comes from the south-east whereas its 
sediment mostly comes from the upper and northern parts 
of the basin. Controlled by precipitation (Figure 29.2), the 
runoff is the lowest in the headwaters (sub-basin Upper1, 
300 mm year−1, Figure 29.3) and the highest in the south-
eastern tributaries (sub-basin South, 800 mm year−1). In 
contrast, sediment concentrations are greatest in the upper 
and northern basins (1.8 kg m−3 in sub-basin Upper1) 
where valleys are steep and soils are erodible, falling to 
about 0.2 kg m−3 toward the south-east (sub-basin South), 
where the regional tributaries of the Yangtze fl ow through 
low-relief alluvial plains.

This spatial pattern leads to matching water and sedi-
ment variations (Figure 29.4) noted at six gauging stations 
(see locations in Figure 29.1) along the Yangtze mainstem. 
The Yangtze water discharge gradually increases down-
stream following cumulative contribution from numerous 
tributaries, reaching a maximum at the seaward-most 
station at Datong (Figure 29.4). Sediment discharge, in 
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Figure 29.2 Mean annual precipitation (mm) in Yangtze drainage basin, 1951–2000. Crosses represent locations of meteorological 
stations
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contrast, shows a maximum at upper reaches at Yichang, 
decreasing slightly in the middle (Hankou) and lower 
(Datong) reaches because the river loses sediment into the 
fl oodplain channels and lakes (Figure 29.4). Because water 
discharge increases downstream while sediment discharge 
decreases, average sediment concentration decreases from 
1.8 kg m−3 in the upper reaches to about 0.5 at Datong.

The combination of steadily increasing water discharge 
and somewhat decreasing sediment discharge in the lower 
Yangtze is also typical of the lower reaches of other large 
alluvial rivers: Ob River of Siberia (Bobrovitskaya et al., 
1996; Meade et al., 2000) and Amazon River of Brazil 
(see Figure 4.6). Those downstream decreases in sus-
pended sediment (both discharge and concentration) 
usually are attributable to deposition in the lakes and low-
lands on the large fl oodplains of these rivers.

29.5 TEMPORAL VARIATIONS OF WATER 
AND SEDIMENT

Superimposed on these spatial variations, various tempo-
ral changes have occurred in the Yangtze drainage basin 
since 1950. Variations in both water and sediment dis-
charges are discussed below at two timescales: annual and 
monthly.

29.5.1 Annual variations

Water (precipitation and runoff)

During the fi ve decades from 1951 to 2000, annual pre-
cipitation increased in the south-east (>100 mm, solid 

lines in Figure 29.5) while it decreased in the upper 
reaches (−200 mm, dashed lines in Figure 29.5), particu-
larly in the Jialing and Min tributary basins (Figure 29.1). 
Sub-basins Upper1 and South showed slightly increased 
precipitation, whereas a striking decrease in precipitation 
occurred in Upper2 (−11.0 %) and a slight decline in 
North (Figure 29.6). Correspondingly, runoff (water dis-
charge per unit area) also increased in the Upper1 and 
South but decreased in the Upper2 and North (Figure 
29.6).

Because of limited runoff and precipitation data, pre-
cipitation was compared with runoff for the period 1951–
2000 for sub-basins North and Above-Datong, but for 
1956–2000 for sub-basins Upper1, Upper2 and South 
(Table 29.1). The statistically signifi cant decrease of runoff 
(−25.7 %, −100 mm) in 1951–2000 in sub-basin North far 
exceeded the nonsignifi cant decrease (−2.5 %, <24 mm) in 
precipitation (Table 29.1). By contrast, the increase in 
runoff (18.6 %, 134 mm) over 1956–2000 in sub-basin 
South was larger than that of precipitation (7.8 %, 106 mm) 
although both trends were signifi cant and the correlation 
was 0.82 (Figure 29.6; Table 29.1).

Despite these sub-basin changes, water discharges 
along the mainstem in upper (Pingshan and Yichang sta-
tions), middle (Hankou) and lower (Datong) reaches of the 
Yangtze (Figure 29.1) have varied little since 1950 (Figure 
29.7a), refl ecting increases in some sub-basins being 
offset by decreases in others. Basin-wide runoff measured 
at Datong correlated well with precipitation (R2 = 0.83), 
but neither showed a signifi cant change over time (Figure 
29.6; Table 29.1).
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Figure 29.5 Precipitation change (mm) of the Yangtze drainage basin, 1951 to 2000. Solid and dashed lines correspond to increased 
or decreased precipitation, respectively. The grey area is the region with sediment yields greater than 500 t km−2 year−1 (modifi ed after 
Liu and Zhang, 1991; Dai and Tang, 1996)
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Sediment

Over the past 56 years, annual sediment discharges in all 
parts of the Yangtze Basin have been varied considerably 
more than water discharges, and have declined markedly 
since the 1980s (Figure 29.7b). As a result of several major 
declines (discussed below), annual discharges from upper 
(as measured at Yichang) and lower (as measured at 

Datong) reaches during the 2003–2005 period after the 
closure of TGD were 90 and 190 mt, respectively, only 
17 % and 38 % of their 1950–1960s averages (Figure 
29.7b).

Sediment discharges from all 23 stations, located on the 
mainstem or tributaries, have decreased except for some 
minor increases along a few south-eastern tributaries 
(Figure 29.8). Decreases have been most striking (>80 %) 

1000
Datong

0

200

400

600

800

1950 1960 1970 1980 1990 2000

Upper 1, R
2
 = 0.59

+4.8%

+6.4%

Precipitation

runoff

0

400

800

1200

1600

1950 1960 1970 1980 1990 2000

Upper 2, R
2
 = 0.49

-12.9%

-11.0%

0

400

800

1200

1600

1950 1960 1970 1980 1990 2000

North, R
2
 = 0.47

-25.7%

-2.5%

0

200

400

600

800

1000

1200

1400

1950 1960 1970 1980 1990 2000

Above-Datong, R
2
 = 0.83

+2.4%

-1.0%

0

400

800

1200

1600

2000

1950 1960 1970 1980 1990 2000

South, R
2
 = 0.82

+18.6%

+7.8%

0 200 400 km

N

Figure 29.6 Spatial and temporal variations of precipitation and runoff in the Yangtze, 1950–2000. Upper and lower lines are average 
annual precipitation and runoff (in mm) for sub-basins along with their trends in percentages. Correlation coeffi cient (R2) between 
precipitation and runoff is marked in each panel. Black dots are gauging stations used for the calculations of cumulative runoff. Datong 
Station covers 94 % the total Yangtze drainage basin. See Figure 29.3 for station explanation and Table 29.1 for the results of Mann–
Kendall analyses

Table 29.1 Mann–Kendall trend analyses of precipitation and runoff from the sub-basins of the Yangtze River

Sub-basins Year data Precipitation Runoff R2

  Change Change z- Confi dence Change Change z- Confi dence
  (%) (mm) statistic (%) (%) (mm) statistic (%)

Upper1 1956–2000 4.8 31 1.03 NS 6.4 18 0.89 NS 0.59
Upper2 1956–2000 −11.0 −116 −2.59 99.5 −12.9 −70 −1.44 90 0.49
North 1951–2000 −2.5 −24 −0.35 NS −25.7 −100 −1.86 95 0.47
South 1956–2000 7.8 106 1.54 90 18.6 134 1.95 95 0.82
Above-Datong 1951–2000 −1.0 −11 −0.03 NS 2.4 13 1.02 NS 0.83

R2 is the correlation coeffi cient between precipitation and runoff. NS, not signifi cant.
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for the two northern tributaries (Jialing and Han) as well 
as the two passages between the Yangtze mainstem and 
Dongting Lake (Figure 29.1). Unlike the sharp decreases 
noted for the Jialing (in 1986) and Han (in 1968) tributar-
ies, declines at the two passages have been more gradual 
(Figure 29.8). Sediment discharges along the tributaries 
have decreased in general along the mainstem of the 
Yangtze. An 80-mt sediment reduction in 1968 at the Han 
River in the north (Figure 29.8, marked 1) correlates well 
with (and was partially caused by) decreased discharge at 
Datong at that time. A 100-mt decrease in the sediment 
discharge of the Jialing in 1986 (Figure 29.8, marked 2) 
and the impoundment of TGD in 2003 (Figure 29.8, 
marked 3) both led to corresponding drops at Yichang and 
Datong.

29.5.2 Monthly variations

The aforementioned variations can be shown in more 
detail at the monthly scale. Under a monsoon regime, the 
monthly water and sediment discharges in the Yangtze 
display a strong seasonal pattern, about 70 % of water and 

85 % of sediment being discharged between May and 
October in upper (Yichang), middle (Hankou) and lower 
(Datong) reaches (Figure 29.9). Although both show uni-
modal patterns, variations in water discharge are less sea-
sonal than those of sediment load; low water discharge in 
January generally is around 20 % of the peak water dis-
charge in July whereas January sediment discharge is 
<3 % of that in July (Figure 29.9).

From 1950 to 2005, the annual pattern of monthly water 
discharge showed small changes from upper reaches to 
lower reaches (Figure 29.9a), similar to minor variations 
in annual values (Figure 29.7a). In order to delineate 
detailed changes in seasonality, we compared 5-year mean 
monthly water discharges for a period before many dams 
have been built (1955–1959) with the period 2001–2005 
when >50 000 dams have been in operation in the basin. 
During this interval, the fl ood-season (July–August) 
water discharge decreased slightly at Yichang (presumably 
because of the TGD impoundment) but changed little 
downstream at Hankou or Datong (Figure 29.9a). 
The dry-season (January–February) monthly discharge, 
however, increased by about 40 % at Datong, probably 
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Figure 29.7 Temporal variations of water discharge (a) and sediment discharge (b) in upper (Pingshan and Yichang), middle 
(Hankou) and lower (Datong) reaches of the mainstem Yangtze River, 1950–2005
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refl ecting a change in seasonal precipitation or winter 
release of water stored in the reservoirs upstream of 
dams.

Monthly sediment discharges have changed much more 
dramatically than water discharges. Except for minor 
decreases in August discharges, monthly sediment dis-
charges remained more or less constant along the Yangtze 
from 1950 to 1985 (Figure 29.9b). Subsequently discharges 
declined moderately between 1986 and 2002, and dramati-
cally after 2003 (Figure 29.9b). Peak sediment discharges 
during July–August in 2003–2005 at Yichang, Hankou and 
Datong were only 17 %, 33 % and 36 % of their discharges 
in 1950–1967 respectively (Figure 29.9), thereby refl ecting 
a damped downstream signal as well as channel erosion 
downstream of the TGD (Xu et al., 2006). About 100–
150 mt of sediment have been trapped in the reservoir 
upstream of the TGD annually between 2003 and 2005, 
and more than 70 % of that occurred between June and 
September (Bulletin of Yangtze Sediment, 2000–2005).

29.6 DISCUSSION – CLIMATIC AND 
ANTHROPOGENIC IMPACTS

Temporal variations in water and sediment discharges in 
the Yangtze Basin have been controlled by various forc-
ings: climatic (precipitation and evapotranspiration) and 
anthropogenic (water diversions, dam construction and 
lake reclamation).

29.6.1 Climatic impacts

As shown in Figures 29.5 and 29.6, local precipitation and 
runoff in the Yangtze drainage basin changed considerably 
between 1951 and 2000, although basin-wide values 
changed little. Increases in the south-east (sub-basin 
South) and decreases in the north (sub-basin North) have 
been especially striking. In a natural hydrological regime, 
runoff is the difference between precipitation and the sum 
of evapotranspiration and storage. In a heavily human-
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impacted basin like the Yangtze, water consumption, the 
withdrawn water directly lost to the basin, also must be 
taken into account. As water storages as groundwater and 
in reservoirs are small relative to precipitation and runoff 
throughout the watershed (Xu, 2006), the runoff of the 
Yangtze should mainly refl ect the difference between pre-
cipitation and the sum of evapotranspiration and water 
consumption.

Runoff in the sub-basin South (Figure 29.6, Table 29.1) 
increased (18.6 %, 134 mm, 95 % confi dence interval) 
more than precipitation (7.8 %, 106 mm, 90 % confi dence 
interval). As there is no evidence of decreased water con-

sumption (which actually may have increased) the increased 
runoff more likely refl ects decreased evapotranspiration. 
This conclusion generally agrees with both measured pan 
evaporation (Liu et al., 2004) and calculated potential 
evapotranspiration (Thomas, 2000). From 1955 to 2000, 
pan evaporation decreased signifi cantly in south-eastern 
China (near sub-basin South) mainly due to decreasing 
solar irradiance (Liu et al., 2004). From 1954 to 1993, 
potential evapotranspiration also decreased in southern 
China (south of 35° N) where sunshine appears to play a 
key role in evapotranspiration (Thomas, 2000). Therefore, 
decreased evapotranspiration in sub-basin South of the 
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c29.indd   617c29.indd   617 8/9/2007   5:21:06 PM8/9/2007   5:21:06 PM



618 Large Rivers

L1

Yangtze might be explained by decreased sunshine, 
increased atmospheric haze (Roderick and Farquhar, 
2002), decreased plant transpiration owing to stomatal 
closure in response to increased atmospheric CO2 levels 
(Gedney et al., 2006), or a combination of all three.

In the sub-basin North (Figure 29.6), however, runoff 
decrease (−25.7 %, −100 mm) was about four times of the 
decline in precipitation (−2.5 %, −24 mm). Since we fi nd 
no proof of increased evapotranspiration, this decreased 
runoff in sub-basin North was probably caused by 
increased water consumption, similar to the situation in 
the basin of the Yellow River to the north (Wang et al., 
2006).

Precipitation also plays a key role in eroding and trans-
porting sediment within the Yangtze drainage basin, par-

ticularly in the upper reaches (Ma et al., 2002; Zhang and 
Wen, 2002). Lying in an area of high sediment yield 
(>500 t km−2 year−1) drained by the Jialing and Min tribu-
taries (Figure 29.5), sub-basin Upper2 experienced the 
greatest decrease in precipitation between 1951 and 2000 
(−11.0 %, Figure 29.6), to which both runoff (R2 = 0.56, 
Figure 29.10a) and sediment discharges (until 1985; R2 = 
0.51, Figure 29.10b) responded accordingly. Although 
precipitation has remained relatively steady since 1986, 
the measured sediment discharge in sub-basin Upper2 has 
declined dramatically (bold black line, Figure 29.10c). 
Based on the 1956–1985 runoff-sediment correlation 
(Figure 29.10b), calculated post-1986 sediment discharges 
(bold grey line, Figure 29.10c) were signifi cantly higher 
than those actually measured. Therefore, decreased pre-
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cipitation and runoff have caused about 80 mt decrease in 
sediment discharge from 1956 to 2005 (dashed line for 
‘climatic impact’, Figure 29.10c). However, the difference 
between the calculated and measured discharges between 
1986 and 2005 (grey region, Figure 29.10c) can be 
regarded as sediment decline due to human activities, such 
as reforestation and dam construction.

29.6.2 Anthropogenic impacts

Because anthropogenic activities and climate change syn-
chronize with respect to both space and time, it is diffi cult 
to separate their impacts on the Yangtze Basin quantita-
tively (Higgitt and Lu, 1996; Yang et al., 2002; Li et al., 
2004; Zhang and Wen, 2004; Yang et al., 2005). In general, 
deforestation and agriculture increase the sediment dis-
charge (Dai and Tan, 1996), but they can be counteracted 
by dam construction, water diversion, lake reclamation 
and reforestation. Three major types of anthropogenic 
activities are discussed below.

Dam construction

The number of dams in the Yangtze Basin has increased 
dramatically from only a few in the 1950s to more than 
50 000 at present. Dams have played a key role in reducing 
sediment transport throughout the entire Yangtze drainage 
basin. On the Han River, Danjiangkou Dam decreased 
sediment sharply in 1968, as its reservoir had a trapping 
effi ciency greater than 95 % (Figure 29.8, 1). Sediment 
decrease in the Jialing (Figure 29.8, 2) in sub-basin 
Upper2, was initiated by a decrease in precipitation in 
1986 (Figure 29.5), but more importantly, by construction 
of about 12 000 dams and extensive watershed reforesta-
tion in its basin. These activities have trapped about 
100 mt year−1 since 1986 (EGRSTGP, 2002). Since the 
beginning of the impoundment upstream of the TGD in 
2003, about 150 mt year−1 of sediment discharge has been 
reduced in both the upper (Yichang) and lower (Datong) 
reaches of the river (Figure 29.8, 3).

Water consumption

Withdrawal and consumption of water has occurred con-
currently with dam construction in the Yangtze Basin. 
From 1949 to 2000, Yangtze water withdrawal increased 
rapidly in response to increased irrigation for agriculture 
and demand for an expanded population from about 180 
to >400 million. Over the same period, water consumption 
also increased from 15 to 90 km3 year−1 (Bulletin of 
Water Resources in China, 1997–2005; Heilig, 1999). The 
present pattern of Yangtze Dam impoundments and water 

diversion, however, appears to have had relatively small 
impact on annual and monthly water discharges (Figures 
29.7a and 29.9a), even though the Yangtze is a highly 
impacted river in terms of fragmentation and fl ow regula-
tion (Nilsson et al., 2005).

That the Yangtze’s water discharge has not changed 
signifi cantly over the past 56 years is explained mainly by 
the sheer magnitude of the basin area and the high volume 
of discharge – fi fth largest in the world. Even with a 
sixfold increase in water consumption since 1950, a fi gure 
of 90 km3 year−1 represents only 10 % of its annual dis-
charge. Although by 1995 more than 46 000 dams had 
been constructed in the basin and their total water-storage 
capacity had reached 142 km3 (Yang et al., 2005), the 
volume of annual stored water in the reservoirs upstream 
of dams was less than 10 km3, about 1 % of the annual 
discharge (Bulletin of Water Resources in China, 1997–
2005). Even the TGD impoundment in 2003 only trapped 
about 17 km3 water, 2 % of the annual discharge of the 
Yangtze. The total capacity of TGD will be 39 km3 in 2009 
when the TGD is in full operation, thereby impounding 
5 % of the annual discharge of the Yangtze to the coastal 
region. In 2003, this TGD impoundment caused moderate 
declines of discharge upstream at Yichang only in July and 
August, underscoring the modulating capacity of a high-
discharge river like the Yangtze.

Lake reclamation

Many lakes occur in the Yangtze Basin, including Dongting 
Lake located in the middle reaches. This major lake 
receives discharges both from mainstem passages (labelled 
1–5, Figure 29.11a) and southern tributaries (labelled 6–
9), the water then fl ows back to the Yangtze mainstem at 
Chenglingji Station (Figure 29.11a). Historically Dongting 
Lake has supplied freshwater to tens of millions of inhab-
itants and buffered the impact of fl oods in the middle 
reaches.

Since the 1950s, however, extensive reclamation, 
together with siltation, have led to a rapidly declining lake 
area (Shi et al., 1985; Du et al., 2001), from 4350 km2 in 
1949 to 2623 km2 in 1995 (Bulletin of Yangtze River Sedi-
ment, 2000–2005). Since 1956, both water and sediment 
fl owing in and out of Dongting Lake have declined. The 
differences between the sediment discharges measured in 
the fi ve passages draining from mainstem to Dongting 
Lake and those measured as the return fl ow at Chenglingji, 
indicate that less and less net sediment has escaped from 
the mainstem (Figure 29.11b). Similarly, an input–output 
sediment budget for Dongting Lake (1–9, Chenglingji) 
shows that net trapped sediment into the lake also has 
declined sharply (solid line, Figure 29.11b). In the 1950s, 
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the fi ve passages transported 35 % of water and sediment 
passing Yichang Station, but in recent years they have 
carried only 15 % of these from Yichang (Figure 29.11c), 
indicating Dongting’s declining role in fl ood modulation. 
Since the construction of the TGD led to active channel 
erosion downstream of Yichang after 2003 (Xu et al., 
2006), scouring has taken place in the mainstem channel, 

probably further decreasing discharge into the lake, as 
forecasted by Zhang (1995). Although the TGD can buffer 
the fl ood water arriving from the upper reaches, the four 
high-runoff southern tributaries (Figure 29.3) can dis-
charge massive quantities of water directly into the shrink-
ing Dongting Lake, thereby causing an unsolved serious 
fl ood problem for the middle Yangtze. The extended sur-
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vival of the Dongting Lake, the major freshwater source 
in the middle reaches of the Yangtze, has become a serious 
problem.

29.7 FUTURE CHANGE AND 
COASTAL RESPONSES

29.7.1 Water discharge

Over the past 56 years, water consumption within the 
Yangtze River basin has represented fairly small propor-
tions of its total water discharge. The South–North Water 
Diversion Project of the future, however, is scheduled to 
transfer freshwater from the humid southern China, mainly 
from the Yangtze, to the dry northern China, including the 
Yellow River (Figure 29.1). This will take place through 
three passages termed East, Middle and West (Chen et al., 
2003). The reservoir upstream of the Danjiangkou Dam 
on the Han tributary will be one of the major freshwater 
sources of the Middle Passage, delivering water directly 
to Beijing. This diversion will certainly diminish further 
both water and sediment discharges of the Han tributary 
in the northern Yangtze. Although only 5 % (45 km3 year−1) 
of the Yangtze annual water discharge will be diverted 
(Chen, X. et al., 2001), this anthropogenic transfer may 
fundamentally change the Yangtze water cycle since most 
of the diverted water will be removed from the Yangtze 
drainage basin.

29.7.2 Sediment load

Sediment discharge at Datong (the seaward-most station, 
600 km from the river mouth) has declined to 140 mt from 
a mean level of 480 mt year−1 in the 1950–1960s, since the 
TGD impoundment (Figure 29.7). Both Yang et al. (2002) 
and Yang, Z.S. et al. (2006) forecasted the volume of the 
future sediment passing Datong in the next half century. 
It is diffi cult, however, to extend their predictions to the 
amount of sediment that would enter the East China Sea 
owing to various ongoing and future impacts as detailed 
below.

First, we need to understand the impact of ongoing and 
proposed upstream dam construction. Except for the 
Gezhouba, no dams had been constructed on the mainstem 
of the Yangtze before the TGD in 2003. In the next two 
decades, however, China is going to build four large dams 
(Wudongde, Baihetan, Xiluodu and Xiangjiaba) on the 
Yangtze upstream of the TGD where sediment yield is 
extremely high (Figure 29.5). These four dams would 
add an additional 41 km3 of total water-storage capacity, 
and their total installed hydropower capacity would be 
38 500 MW, about double that of the TGD. One of the 

objectives of these four planned dams is to prolong the 
useful life of the TGD by trapping the sediment that other-
wise would fi ll its reservoir. However, the impact of these 
dams has not been fi gured into the two predictions men-
tioned earlier (Yang et al., 2002; Yang, Z.S. et al., 2006).

Second, sediment trapping in Dongting Lake has 
decreased from 180 mt in the 1950s to nearly zero at 
present (solid line, Figure 29.11b). This decline has fun-
damentally changed the sediment correlation between 
Yichang and Datong, the major sites used for two predic-
tions. Third, channel erosion downstream of dams may 
counteract the trapping of sediment by the reservoir to 
some extent. Channel erosion has already occurred down-
stream of the TGD (Xu et al., 2006), and will surely 
happen downstream of four planned dams. Last, little is 
known regarding the ungauged section from Datong 
600 km downstream to the river mouth. Many uncertain-
ties remain concerning the possible response (erosion and 
resuspension) of this last downstream reach to the cessa-
tion of sediment from the upper river.

29.7.3 Coastal responses

The sediment threshold at Datong that is required to 
sustain the geometry of modern Yangtze Delta was esti-
mated to be 263 mt year−1 (Yang et al., 2005). The sedi-
ment discharge, however, has been below this level since 
2000 (Figure 29.7). Given dam construction of the future, 
decreased erosion in response to ongoing conservancy 
in the basin, and diversions of water, sediment discharge 
of the Yangtze most likely will continue to decline, impact-
ing the delta and coastal region.

Accretion in the Yangtze subaqueous delta has slowed 
down and erosion has occurred on the outer side of the 
Yangtze Delta front (Yang et al., 2002). Coastal wetland 
located in the eastern part of the Yangtze Delta stopped 
progading in the past decade and began to recede; wet-
lands above the 0-m isobath decreased by 19 % between 
2001 and 2004 (Yang, S.L. et al., 2006). Delta subsidence, 
shoreline retreat, erosion of seawalls, and other subse-
quential problems may concur with wetland loss. All these 
may create serious problems in Shanghai, the most popu-
lous city in China with about 20 million inhabitants.

The Yangtze River provides a substantive amount of 
nutrients, nourishing rich fi shing grounds on the inner 
continental shelf of the East China Sea. A decline of sedi-
ment supply also reduces the supply of nutrients, particu-
larly silicates. For instance, between 1998 and 2003, the 
Si : N ratios dropped from 1.5 to 0.6 and primary produc-
tion decreased by 86 % in the East China Sea (Gong et al., 
2006). Due to Si-limitation, the phytoplankton community 
has shifted from diatom-dominated to fl agellate-
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dominated, thereby changing the ecological communities 
(Gong et al., 2006). After the TGD impoundment in June 
2003, saltwater intrusion in the Yangtze Estuary appeared 
earlier and its duration lengthened (Xian et al., 2005). This 
saltwater intrusion has led to increased water temperature 
and salinity, which consequently stimulated several jelly-
fi sh blooms in the estuary in 2003 and 2004 (Xian et al., 
2005). Since jellyfi sh can feed on fi sh eggs and larvae, 
these jellyfi sh blooms may also endanger coastal fi shing 
resources.

29.8 CLIMATIC AND ANTHROPOGENIC 
IMPACTS ON OTHER GLOBAL RIVERS – THE 
MISSISSIPPI EXAMPLE

Owing to their inability to modulate basin-wide change, 
rivers draining small basins are generally more responsive 
to both sudden and long-term changes. Similarly, arid 
basins are more likely to feel the effects of climatic and 
anthropogenic change than rivers draining humid basins. 
For example, present-day runoff from the Yellow River is 
only about 15 % of its 1950s levels owing to decreased 
precipitation and, more importantly, increased water con-
sumption (Wang et al., 2006). Similarly, the impoundment 
by the Aswan High Dam and related downstream irriga-
tion have decreased the Nile’s water and sediment dis-
charge to less than 10 % of the pre-Aswan levels.

While low-runoff rivers seem more vulnerable to cli-
matic and anthropogenic changes, high-runoff rivers also 
can be affected, as shown by the Yangtze in the present 
chapter. Another obvious example is the Mississippi River. 
While its drainage basin is nearly twice as large as the 
Yangtze’s (3.3 vs 1.8 × 106 km2), its pre-dam annual water 
and sediment discharges were not dissimilar (650 km3 and 
500 mt) to those of the Yangtze (900 km3 and 480 mt). 
Moreover, both rivers are joined by high-runoff, low-
sediment-yield tributaries in the south and east (the south-
ern rivers in the Yangtze, and the Ohio-Tennessee in the 
Mississippi), and low-runoff, high-sediment-yield tribu-
taries in the north-west and west (the northern and 
upstream rivers in the Yangtze, and the Missouri-Arkansas 
in the Mississippi) (Figure 29.12). The low-runoff Mis-
souri and Arkansas occupy a larger percentage of the Mis-
sissippi drainage basin than do the north-western rivers in 
the Yangtze Basin, leading to a substantially lower runoff 
to the coastal waters.

Dam construction on the Mississippi accelerated in the 
1930s for better navigation, fl ood control, and generation 
of hydroelectric power as well as in response to economic 
depression, much in the same way as it did on the Yangtze 
Basin after 1950. As with the Yangtze, Mississippi water 
discharge has not decreased despite the more than 50 000 

dams throughout its watershed. In fact, between 1950 and 
2000, discharge increased about 30 % (Figure 29.13) in 
response to the Pacifi c Decadal Oscillation and the North 
Atlantic Oscillation (Hurrell, 1997; Lins and Slack, 1999). 
Despite the increased water discharge, however, sediment 
delivery of the Mississippi has decreased by about 75 % 
since the early 1950s (Figure 29.13). Unlike the Yangtze, 
which has experienced several distinct episodes of 
decreased sediment delivery in response to climatic and 
land-use changes, however, the sharply decreased sedi-
ment discharge from the Lower Mississippi refl ects pri-
marily the construction of the Fort Randall and Gavins 
Point Dams in 1953 and the Garrison Dam in 1954 along 
the middle reaches of the Missouri River (Meade and 
Parker, 1985). Sediment delivery since the mid-1950s has 
shown only a slight decline even though dams have con-
tinued to be built (Figure 29.13).

Another impact from dam construction, combined 
perhaps with climate change, has been the change in sea-
sonality of water discharges from both the Mississippi and 
Yangtze. Water discharges during high-fl ow months in 
both rivers have decreased in company with increased 
discharges during low-fl ow months (Figure 29.13). 
Although changes in seasonal precipitation may partially 
explain these variations, more likely are the releases of 
stored water from upstream reservoirs in response to 
hydroelectric and irrigation needs.

As with many other North American and European 
rivers, it seems doubtful that other large dams will be built 
on the Mississippi, at least in the foreseeable future; as 
such any signifi cant change in Mississippi sediment dis-
charge is likely to refl ect landuse change rather than the 
river fl ow. By contrast, the number of large dams still 
planned for the Yangtze suggests that sediment delivery 
will continue to decline in the coming years in response 
to both changes in river fl ow and landuse.

29.9 CONCLUSIONS

From 1950 to 2005, construction of over 50 000 dams and 
consumption of 90 km3 water have led to small variations 
in annual and monthly basin-wide water discharges from 
the Yangtze River. Regionally, runoff in the Yangtze north-
ern sub-basin has declined much more than has preci-
pitation owing to increased water consumption, whereas 
increased runoff in the southern Yangtze may refl ect 
decreased evapotranspiration. Since the 1980s, however, 
Yangtze sediment discharge has decreased dramatically. In 
2003–2005, the upper river (measured at Yichang) and 
lower reaches (Datong) transported only 17 % and 38 % of 
their natural sediment discharges in the 1950–1960s, 
respectively. Throughout the basin, the most striking sedi-
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ment decreases (>80 %) occurred in the Jialing and Han 
tributaries (mainly owing to dam construction), as well as 
in the two passages between the mainstem and Dongting 
Lake (owing to lake reclamation). The shrinking Dongting 
Lake now carries a much smaller percentage of the dis-
charges passing Yichang increasing the fl ood potential of 
the middle Yangtze. Given the proposed increase in the 
number of major dams and water diversions, sediment 
discharge from the Yangtze will probably continue to 
decline such that Yangtze delta and coastal areas could be 
severely impacted.
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Figure 29.13 (a) 1950–2005 trends of water and sediment discharges from the lower reaches of the Yangtze and Mississippi Rivers. 
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dams in the early 1950s. (b) Monthly water discharges from the Yangtze and Mississippi Rivers during early and recent 5-year periods. 
Decreased water discharges during high-fl ow months and corresponding increased discharges during low-fl ow months may refl ect 
changes in seasonality of precipitation and/or the release of reservoir-stored water for hydropower and irrigation during low-fl ow 
months

c29.indd   624c29.indd   624 8/9/2007   5:21:08 PM8/9/2007   5:21:08 PM



The Yangtze River 625

L1

Bulletin of Yangtze River Sediment, 2000–2005. Press of Minis-
try of Water Resources of the People’s Republic of China, 
website: http://www.cjh.com.cn/ (in Chinese).

Carriquiry, J.D., Sanchez, A. and Camacho-Ibar, V.F., 2001. Sedi-
mentation in the northern Gulf of California after cessation of 
the Colorado River discharge. Sedimentary Geology, 144(1–2): 
37–62.

Chen, J., Chen, X. and Chen, M., 2003. Impacts and Countermea-
surements of the South-to-North Water Diversion Projects on 
the Ecosystem and Environment of the Yangtze Estuary. East 
China Normal University Press, Shanghai, pp. 277.

Chen, X., Zong, Y., Zhang, E., Xu, J. and Li, S., 2001. Human 
impacts on the Changjiang (Yangtze) River basin, China, 
with special reference to the impacts on the dry season 
water discharges into the sea. Geomorphology, 41(2–3): 111–
123.

Chen, Z., Li, J., Shen, H. and Zhanghua, W., 2001. Yangtze River 
of China: historical analysis of discharge variability and sedi-
ment fl ux. Geomorphology, 41(2–3): 77–91.

Chu, Z.X., Sun, X.G., Zhai, S.K. and Xu, K.H., 2006. Changing 
pattern of accretion/erosion of the modern Yellow River 
(Huanghe) subaerial delta, China: based on remote sensing 
images. Marine Geology, 227(1–2): 13–30.

Cyranoski, D., 2005. Climate change: the long-range forecast. 
Nature, 438(7066): 275–276.

Dai, D. and Tan, Y., 1996. Soil erosion and sediment yield in the 
Upper Yangtze River basin. In: Walling, D.E. and Webb, B.W. 
(editors) Erosion and Sediment Yield: Global and Regional 
Perspectives. International Association of Hydrological Sci-
ences Publication 236, Wallingford, pp. 191–203.

Deng, X. and Huang, C., 1997. Analysis of transport characteris-
tics and infl uence of human activities in the Jingsha River. 
Journal of Sediment Research, 4: 37–41 (in Chinese).

Du, Y., Cai, S., Zhang, X. and Zhao, Y., 2001. Interpretation of 
the environmental change of Dongting Lake, middle reach of 
Yangtze River, China, by 210Pb measurement and satellite 
image analysis. Geomorphology, 41(2–3): 171–181.

EGRSTGP (Expert Group on River-borne Sediment of the Three 
Gorges Project), 2002. Study on sediment of the Three Gorges 
Engineering Project (Book 8). Intellectual Property Press, 
Beijing (in Chinese).

Fuggle, R. and Smith, W., 2000. Large dams in water and energy 
resource development in the People’s Republic of China (PRC). 
Country review paper prepared as an input to the World Com-
mission on Dams, Cape Town, www.dams.org.

Gedney, N., Cox, P. M., Betts, R. A., Boucher, O., Huntingford, 
C. and Stott, P. A., 2006. Detection of a direct carbon dioxide 
effect in continental river runoff records. Nature, 439: 
835–838.

Gleick, P.H., 1993. Water in Crisis: A Guide to the World’s Fresh 
Water Resources. Oxford University Press, New York, pp. 
504.

Gleick, P.H., 2000. The World’s Water 2000–2001: the Biennial 
Report on Freshwater Resources. Island Press, Washington, 
DC.

Gong, G., Chang, J., Chiang, K., Hsiung, T., Hung, C., Duan, S. 
and Codispoti, L.A., 2006. Reduction of primary production 

and changing of nutrient ratio in the East China Sea: effect of 
the Three Gorges Dam? Geophysical Research Letter, 33, 
L07610, doi:10.1029/2006GL025800.

Heilig, G.K., 1999. Can China Feed Itself? A System for Evalu-
ation of Policy Options. International Institute for Applied 
Systems Analysis, Laxenburg, Austria, pp.63, website: www.
iiasa.ac.at.

Higgitt, D.L. and Lu, X., 1996. Patterns of sediment yield in the 
upper Yangtze basin, China. In: Walling, D.E. and Webb, B.W. 
(editors) Erosion and Sediment Yield: Global and Regional 
Perspectives. International Association of Hydrological Sci-
ences Publication 236, Wallingford, pp. 205–214.

Hurrell, J.W., 1997. Decade trends in the North Atlantic Oscilla-
tion: Regional temperatures and precipitation. Science, 269: 
676–679.

Kendall, M.G., 1975. Rank Correlation Methods, 4th Edition. 
Charles Griffi n, London.

Li, C., Yang, S., Fan, D. and Zhao, J., 2004. The change in 
Changjiang suspended load and its impact on the delta after 
completion of Three Gorges Dam. Quaternary Sciences, 24(5): 
495–550 (in Chinese).

Lins, H.F. and Slack, J.R., 1999. Streamfl ow trends in the United 
States. Geophysical Research Letters, 26: 227–230.

Liu, B., Xu, M., Henderson, M. and Gong, W., 2004. A spatial 
analysis of pan evaporation trends in China, 1955–2000. 
Journal of Geophysical Research, 109, D15102.

Liu, Y. and Zhang, P., 1991. Soil erosion and sediment characters 
of the high sediment yield regions in the upper Yangtze River. 
Hydrology, 3: 6–12 (in Chinese).

Lu, X.X. and Higgitt, D.L., 1998. Recent changes of sediment 
yield in the Upper Yangtze, China. Environmental Manage-
ment, 22(5): 697–709.

Ma, L., Zhang, M., Guo, H. and Shen, Y., 2002. Research on the 
change of runoff–sediment relationship due to soil and water 
conservation in Jialingjiang River basin. Hydrology, 22(1): 
27–31 (in Chinese).

Mann, H.B., 1945. Non-parametric test against trend. Economet-
rica, 13: 245–259.

Meade, R.H., 1996. River-sediment inputs to major deltas. In: 
Milliman, J.D. and Haq, B.U. (editors) Sea Level Rise and 
Coastal Subsidence. Kluwer Academic, Dordrecht, pp. 63–85.

Meade, R.H. and Parker, R.S., 1985. Sediment in rivers of the 
United States, in National Water Summary 1984. US Geologi-
cal Survey Water-Supply Paper 2275, 49–60.

Meade, R.H., Bobrovitskaya, N.N. and Babkin, V.I., 2000. 
Suspended-sediment and fresh-water discharges in the Ob and 
Yenisey Rivers, 1960–1988. International Journal of Earth Sci-
ences, 89: 461–469.

Menon, S., Hansen, J., Nazarenko, L. and Luo, Y., 2002. Climate 
effects of black carbon aerosols in China and India. Science, 
297(5590): 2250–2253.

Milliman, J.D. and Meade, R.H., 1983. World-wide delivery of 
sediment to the oceans. Journal of Geology, 91(1): 1–21.

Milliman, J.D. and Syvitski, J.P.M., 1992. Geomorphic/tectonic 
control of sediment discharge to the ocean: the importance 
of small mountainous rivers. Journal of Geology, 100(5): 
525–544.

c29.indd   625c29.indd   625 8/9/2007   5:21:08 PM8/9/2007   5:21:08 PM



626 Large Rivers

L1

Nilsson, C., Reidy, C.A., Dynesius, M. and Revenga, C., 2005. 
Fragmentation and fl ow regulation of the world’s large river 
systems. Science, 308(5720): 405–408.

Pan, J., 1997. Study on sediment transport characteristics in 
Jinsha River basin. Bulletin of Soil and Water Conservation, 
17(5): 35–39 (in Chinese).

Ren, L., Wang, M., Li, C. and Zhang, W., 2002. Impacts of human 
activity on river runoff in the northern area of China. Journal 
of Hydrology, 261(1–4): 204–217.

Roderick, M.L. and Farquhar, G.D., 2002. The cause of decreased 
pan evaporation over the past 50 years. Science, 298(5597): 
1410–1411.

Saito, Y., Yang, Z.S. and Hori, K., 2001. The Huanghe (Yellow 
River) and Changjiang (Yangtze River) deltas: a review on their 
characteristics, evolution and sediment discharge during the 
Holocene. Geomorphology, 41(2–3): 219–231.

Shen, G. and Xie, Z., 2004. Three gorges project: chance and 
challenge. Science, 304(5671): 681b.

Shen, H., 2001. Material Flux of the Changjiang Estuary. China 
Ocean Press, Beijing, pp. 176 (in Chinese).

Shi, Y.L., Yang, W. and Ren, M.E., 1985. Hydrological character-
istics of the Changjiang and its relation to sediment transport 
to the sea. Continental Shelf Research, 4(1–2): 5–15.

Shiklomanov, I.A., 1999. World Water Resources and Their Use. 
State Hydrological Institute (SHI), St Petersburg, website: 
http://espejo.unesco.org.uy/.

Shiklomanov, I.A. and Rodda, J.C., 2003. World Water Resources 
at the Beginning of the Twenty-fi rst Century. International 
Hydrology Series. Cambridge University Press, Cambridge, 
pp. 435.

Smith, L.C., 2000. Trends in Russian Arctic river-ice formation 
and breakup, 1917 to 1994. Physical Geography, 20(1): 46–
56.

Stanley, D.J. and Warne, A.G., 1998. Nile Delta in its destruc-
tional phase. Journal of Coastal Research, 14: 794–825.

Syvitski, J.P.M., Vorosmarty, C.J., Kettner, A.J. and Green, P., 
2005. Impact of Humans on the Flux of Terrestrial Sediment 
to the Global Coastal Ocean. Science, 308(5720): 376–380.

Thomas, A., 2000. Spatial and temporal characteristics of poten-
tial evapotranspriration trends in China. International Journal 
of Climatology, 20, 381–396.

Vorosmarty, C. J., Meybeck, M., Fekete, B., Sharma, K., Green, 
P. and Syvitski, J. P. M., 2003. Anthropogenic sediment reten-
tion: major global impact from registered river impoundments. 
Global and Planetary Change, 39(1–2): 169–190.

Wang, H., Yang, Z., Saito, Y., Liu, J. and Sun, X., 2006. Inter-
annual and seasonal variation of the Huanghe (Yellow River) 

water discharge over the past 50 years: connections to impacts 
from ENSO events and dams. Global and Planetary Change, 
50(3–4): 212–225.

Wu, S., 2000. Counter-proposals for the environmental adminis-
tration and sustainable development of the main source and 
upper reaches of the Changjiang River. Yunnan Geographic 
Environment Research, 12(2): 25–30 (in Chinese).

Xian, W., Kang, B. and Liu, R., 2005. Jellyfi sh Blooms in the 
Yangtze Estuary. Science, 307: 41c.

Xie, P., Wu, J., Huang, J. and Han, X., 2003. Three-Gorges Dam: 
risk to ancient fi sh. Science, 302(5648): 1149b–1151.

Xu, K.H., 2006. Linking Land to Ocean: Flux and Fate of Water 
and Sediment from the Yangtze River to the East China Sea. 
PhD Dissertation, The College of William & Mary, pp. 174.

Xu, K.H., Milliman, J.D., Yang, Z.S. and Wang, H.J., 2006. 
Yangtze sediment decline partly from Three Gorges Dam. EOS 
Transactions, AGU, 87(19): 185–190.

Xu, K.Q., Chen, Z., Zhao, Y., Wang, Z., Zhang, J., Hayashi, S., 
Murakami, S. and Watanabe, M., 2005. Simulated sediment 
fl ux during 1998 big-fl ood of the Yangtze (Changjiang) River, 
China. Journal of Hydrology, 313(3–4): 221–233.

Yang, S.L., Zhao, Q.Y. and Belkin, I.M., 2002. Temporal variation 
in the sediment load of the Yangtze river and the infl uences of 
human activities. Journal of Hydrology, 263(1–4): 56–71.

Yang, S.L., Zhang, J., Zhu, J., Smith, J.P., Dai, S.B., Gao, A. and 
Li, P., 2005. Impact of dams on Yangtze River sediment supply 
to the sea and delta intertidal wetland response. Journal Geo-
physical Research, 110, F03006, doi: 10.1029/2004JF000271.

Yang, S.L., Li, M., Dai, S.B., Liu, Z., Zhang, J. and Ding, P.X., 
2006. Drastic decrease in sediment supply from the 
Yangtze River and its challenge to coastal wetland manage-
ment. Geophysical Research Letters, 33, L06408, doi:10.1029/
2005GL025507.

Yang, Z.S., Wang, H., Saito, Y., Milliman, J.D., Xu, X.K. and Shi, 
G., 2006. Dam impacts on the Changjiang (Yangtze River) 
sediment discharge to the sea: the past 55 years and after the 
Three Gorges Dam. Water Resources Research, 42, W04407, 
doi:10.1029/2005WR003970.

Zhang, R., 1995. Problems about sedimentation in Three Gorges 
Reservoir and its countermeasures. China Three Gorges Con-
struction, 3: 18–19, 47 (in Chinese).

Zhang, X. and Wen, A., 2002. Variation of sediment in upper 
stream of Yangtze River and its tributary. Shuili Xuebao, 4: 
56–59 (in Chinese).

Zhang, X. and Wen, A., 2004. Current changes of sediment yields 
in the upper Yangtze River and its two biggest tributaries, 
China. Global and Planetary Change, 41(3–4): 221–227.

c29.indd   626c29.indd   626 8/9/2007   5:21:09 PM8/9/2007   5:21:09 PM


