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This paper examined the sediment gain and loss in the river mouth reach of the Yangtze River by considering sediment load from
the local tributaries, erosion/accretion of the river course, impacts of sand mining, and water extraction. A quantitative estimation
of the contribution of the river mouth reach to the sediment load of the Yangtze River was conducted before and after impoundment
of the Three Gorges Dam (TGD) in 2003. The results showed that a net sediment load loss of 1.78 million ton/yr (Mt/yr) occurred
from 1965 to 2002 in the study area. The contribution of this reach to the sediment discharge into the sea is not as high as what was
expected before the TGD. With impoundment of the TGD, channel deposition (29.90 Mt/yr) and a net sediment loss of 30.89 Mt/yr
occurred in the river mouth reach from 2003 to 2012. The river mouth reach has acted as a sink but not a source of sediment since
impoundment of the TGD, which has exacerbated the decrease in sediment load. Technologies should be advanced to measure
changes in river channel morphology, as well as in water and sediment discharges at the river mouth reach.

1. Introduction
Over the past several decades, riverine sediment issues have
received a great deal of attention worldwide because of the
importance of sediment transport in fluvial systems [1, 2], as
well as increasing anthropogenic impacts, such as construction of the Three Gorges Dam (TGD) in the Yangtze River (or
Changjiang in Chinese) basin [3]. Many rivers have experienced decreasing sediment loads, triggering bank collapses
and channel erosion in their deltas [4, 5]. Sediment load in
the Yangtze River has decreased sharply since the 1950s, due
largely to dam construction [2, 6, 7]. This has led to serious
river management problems, such as channel erosion and
delta retreat [2, 6, 8]. Additionally, undercutting of the river
channel has reduced the water level and depleted water
resources in the dry season [9]. Delta erosion has hampered
expansion of the shoreline and government land exploitation
projects in Shanghai, the largest city in China. The world’s
largest dam (the TGD) was put into operation on the river in

2003. Since then, more than 70% of the sediment [6, 10] that
previously passed through the dam site has been sequestered.
Sediment starvation of the downstream waters has had serious impacts, including undercutting of the river channel bed
and bank failures. Because of the large-scale human activities
within the watershed, the Yangtze River provides a valuable
opportunity to evaluate the responses of a river system to
natural and anthropogenic impacts.
Though many studies have been conducted to investigate
sediment in the Yangtze River, little attention has been given
to the lower reaches, especially below Datong station. Sediment load at Datong station (located at the tidal limit, 624 km
upstream of the river mouth) is generally taken as the sediment flux that is discharged into the ocean from the Yangtze
River [6, 10] since there is no gauging station on the river
trunk below. Sediment export in the river mouth reach (from
Datong station to the estuary) remains largely unknown to
researchers, partly because of the complex impacts of tides.
Previous studies have shown that the main channel and
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connected lakes have great potential to regulate sediment
transport processes of the Yangtze River [11]. Hence, the river
mouth reach might also play an important role in its sediment
budget in the context of sediment deficiency after closure of
the TGD. This is for several reasons; namely, (a) the river
mouth reach extends 624 km from Datong station to the sea,
comprising one-tenth of the total length of the Yangtze River.
The channel width in this reach varies from 1 to 10 km, which
provides the potential to regulate sediment discharge from
the upper reaches [11]; (b) the local drainage area in this reach
is about 0.1 × 106 km2 (≈6% of the total drainage area of
the Yangtze River basin); accordingly, sediment supply from
this area cannot be neglected; (c) the Huaihe River (a large
river located in the northern part of the Yangtze River basin)
joins the Yangtze River in this reach. Accordingly, sediment
supply from the Huaihe River might play an important role
in mitigating the sediment deficiency of the Yangtze River;
(d) finally, intensified anthropogenic activities, such as sand
mining and water diversion, may have substantial impacts on
the sediment processes.
Taking the above factors into account, sediment discharge
into the sea from the Yangtze River would be quite different
from that gauged at Datong station. Since less sediment has
been discharged into the river mouth in recent years, sediment supply from this local reach might play an increasingly
important role in maintenance of sediment balance in this
reach and coastal areas. An exact evaluation of the quantity of
sediment discharged into the sea will be beneficial to both scientific research and government engineering projection. Furthermore, since many of the lowest gauging stations on rivers
worldwide are located at a distance from the river mouths,
investigation of the buffering function of the river mouth
reaches is essential for proper determination of variations in
riverine sediment flux to the sea and understanding the landsea interaction. Accordingly, the results presented herein will
be useful to studies of other similar rivers.
In this study, a quantitative evaluation of sediment discharge into the sea was conducted using the sediment budget
method. The specific goals of the study were to (a) evaluate
sediment supply from local tributaries and the Huaihe River
in the river mouth reach, (b) examine the erosion/accretion
of the river course, including the impacts of sand mining,
(c) evaluate sediment losses because of water extraction, and
(d) establish a sediment budget for this reach and evaluate
how much sediment is discharged into the sea, especially after
closure of the TGD.

2. Physical Setting
The Yangtze River originates from the Qinghai-Tibetan Plateau at an elevation of 5100 m and runs east for 6300 km to
the East China Sea (Figure 1). The main source of sediment
in the Yangtze River is the lower section of the upper reach,
which ends at Yichang (where the TGD is located). Significant
sediment deposition occurred in the middle reaches, from
Yichang to Hankou [10, 11], before 2003. However, the deposition reach shifted to the upper Yichang following impoundment of the TGD. The channel in the lower reach (from
Hankou to Datong) has remained largely in balance in the
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last few decades, and Datong station is free of tidal influences.
Given the difficulty quantifying the effects of tidal impacts on
sediment transport, estimating sediment load below Datong
is very challenging. Therefore, the observed sediment flux
at Datong station is generally regarded as the sediment load
into the ocean. The river course below Datong station mainly
drains through Anhui and Jiangsu Provinces, and Datong station is located in the middle of Anhui Province. The channel
length below Datong station in Anhui Province is 199 km,
which is half the total channel length at Anhui Province. The
total length from the boundary of Anhui to Jiangyin, which
is located at the tidal flow limit in the low flow seasons in
Jiangsu Province, is 218 km. Shanghai is located at the mouth
of the river. The entire subbasin of the river mouth reach is
in the most prosperous area in China, and intensified human
impacts of projects such as sand mining and water diversion
are widespread.
Several tributaries join the Yangtze River below Datong
station, namely, the Yuxi, Qingyijiang, Shuiyangjiang, Chuhe,
and Qinhuaihe rivers, and the Lake Taihu system. These
tributaries originate from the low hilly areas alongside the
trunk river and then drain through the alluvial plain along
the Yangtze River (Figure 1). The annual precipitation is 1000–
1100 mm in this local drainage area. The specific soil erosion
rate is less than that of the above reaches of the Yangtze River
because of the lower relief and better vegetation cover.
The Huaihe River is one of the seven largest rivers in
China, with a drainage area of 0.27 million km2 . Historically,
the Huaihe River was an independent river system that discharged into the Yellow Sea. However, after 1128, the majority
of its runoff and sediment load (80%) was discharged into the
Yangtze River through a connective waterway because of the
diversion of the Huanghe River [18]. Annually, 22.6 × 109 m3
and 3.73 million tons (Mt/yr) of water and sediment were discharged into the Yangtze River from the Huaihe River, respectively, from 1965 to 2005. Thus, the actual water and sediment
load discharged into the river mouth reach is not only from
the upper reaches, although runoff and sediment from the
Huaihe River are commonly neglected. In the present study,
sediment discharge from the Huaihe River was taken into
account.

3. Data and Methods
The sediment budget method is widely used to examine the
sediment transport process in river systems [19]. In this study,
a sediment budget was established in the river mouth reach to
evaluate its contribution to sediment discharge from the
Yangtze River and determine how much sediment is discharged into the sea. Consider
𝑄𝑠 out = 𝑄𝑠 upper reach + 𝑄𝑠 local reach + 𝑄𝑠 erosion
− 𝑄𝑠 deposition − 𝑄𝑠 water extraction ,

(1)

where 𝑄𝑠 out is the sediment discharged out of the river course
and into the sea, 𝑄𝑠 upper reach refers to the sediment load from
the upper reach, 𝑄𝑠 local reach is sediment load from the local
tributaries in the river mouth reach (including the Huaihe
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Figure 1: Map of the study area.

River), 𝑄𝑠 water extraction refers to sediment losses because of
the water extraction, and 𝑄𝑠 erosion and 𝑄𝑠 deposition refer to
the sediment eroded from or deposited in the river channel,
respectively.
A variety of data sources were collected to build this
budget. The annual sediment load at Datong station and
some tributaries (such as the Yuxi River, Qingyijiang River,
Shuiyangjiang River, and the Chuhe River) from 1965 to 2005
was obtained from the Hydrology Bureau of Anhui Province,
which is an affiliate of the Ministry of Water Resources of
China (MWRC). The data describing the Huaihe River [13, 14]
and Taihu Lake system [12] are from previously published
material. Channel erosion/accretion data were obtained from
Wang et al. [16], Liu [15], and Qu [17], who conducted studies
based on relief maps. The data sources of Wang et al. [16] and
Qu [17] are maps published by the Navigation Guarantee
Department of Chinese Navy Headquarters, while Liu [15]
used data provided by the Bureau of Changjiang River Management of Anhui Province.
The total drainage area of the river mouth reach is 0.1
million km2 , while the total drainage area of the Yuxi, Qingyijiang, Shuiyangjiang, and Chuhe rivers is 24,568 km2 , and the
total drainage area of the Lake Taihu system is 36,895 km2 .
Thus, there is still an area of about 38,537 km2 that is not
gauged or for which gauged data is not available (hereafter
referred to as ungauged area). To establish the sediment

budget, it is necessary to evaluate sediment yield from this
area. Owing to the similarity of the natural conditions of the
ungauged area to the Yuxi, Qingyijiang, Shuiyangjiang, and
Chuhe rivers, the average specific sediment yield of these four
rivers was assigned to the ungauged area.

4. Results
4.1. Sediment Supply from the Local Tributaries. The local
drainage area of the river mouth reach could be divided
into three parts, the area that the four gauged rivers (the
Yuxi, Qingyijiang, Shuiyangjiang, and Chuhe rivers) drain
through, the area composed of regions that are not gauged
or for which gauging data is not available, and the Lake
Taihu drainage system. The average sediment load from each
area is shown in Table 1, and the temporal variations of the
four rivers are shown in Figure 2. The combined sediment
from the four rivers was 1.45 Mt/yr during 1965–2002. The
ungauged area was 1.56-fold larger than that of the four rivers.
Sediment load from this area was 2.26 Mt/yr, assuming that
it has the same specific sediment yield as the basins of the
four rivers. The sediment load of the Lake Taihu system was
obtained from a study by Wu [12], who reported that 0.1 Mt/yr
of sediment was discharged from the system in 1954. This was
a high flow year in Lake Taihu, and 0.1 Mt/yr may be among
the highest discharges that occurred from 1965 to 2012.

4

Advances in Meteorology
Table 1: Sediment load of the tributaries of the river mouth reach of the Yangtze River.

River
Qingyijiang
Shuiyangjiang
Yuxihe
Chuhe
Total rivers
Taihu Lake
Ungauged area
Sum
Huaihe
Total

Drainage area (km2 )

Xihe
Xuancheng
Chaohuzha
Chaheji

5796
3410
9258
6104
24,568
36,895
38,537
100,000
270,000

Sanhezha

Sediment load (Mt/yr)
1965–2002
1996–2005
0.36
0.23
0.53
0.27
0.38
0.18
0.18
0.08
1.45
0.10
0.10
2.38
1.14
3.81
2
3.73
2.64
7.54
4.65

Data source
MWRC∗
MWRC∗
MWRC∗
MWRC∗
[12]
Estimation in this study
[13, 14]

Qingyijiang R.
Yuxihe R.

Shuiyangjiang R.
Chuhe R.
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Figure 2: Variations in sediment load of local tributaries in the river mouth reach, Huaihe River, and Datong station.

Because this was the only data available for the Lake Taihu
system, we selected 0.1 Mt/yr as the sediment load of the Lake
Taihu system from 1965 to 2012, even though it was likely an
overestimation.
The total sediment load of the local tributaries is
3.81 Mt/yr. As indicated above, the majority of runoff and
sediment load (80%) of the Huaihe River is discharged into
the Yangtze River through a connective waterway. In this
study, the sediment discharge from the Huaihe River was
taken into account. Although the Huaihe River has a drainage
basin of 270,000 km2 , its average specific sediment yield
is much less than that of the Yangtze River. Additionally,
attenuation by Lake Hongzehu, which is located in the middle
of the Huaihe River, results in only 49.9% of the sediment
being discharged from the lake. Of this sediment, 80%

(3.73 Mt/yr) is discharged into the Yangtze River [14]. When
combined with that from the local tributaries and the Huaihe
River, 7.54 Mt/yr sediments are discharged into the river
mouth reach of the Yangtze River. The average sediment load
from the upper reach of the Yangtze River was 400.15 Mt/yr in
1965–2002; therefore, sediment load from the local tributaries
together with the Huaihe River comprises only 1.9% of that
from the upper reach of the Yangtze River. Yang [20] investigated the contribution of water and sediment fluxes to the sea
from the subcatchment below Datong station in the Yangtze
River (excluding the Huaihe River) based on several estimations. Assuming that the specific sediment yield of the river
mouth reach is similar to that of Poyang Lake (above the river
mouth reach), Yang [20] estimated that the sediment yield of
the river mouth reach would be 11 Mt/yr in 1956–2010, which
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Table 2: Erosion/accretion of the river mouth reach (unit: Mt/yr)∗ .

Anhui section [15]
Time
Erosion/accretion
1966–1987
−30.67
1987–2002
−29.12
1966–2002
−30.02
2002–2007
5.34
2007–2012
5.95
2002–2012
5.66
∗

Jiangsu section [16]
Time
Erosion/accretion
1970–1985
104.66
1985–1992
−196.34
1992–2003
−78.30
1970–2003
9.01

6

Whole section [17]
Time
Erosion/accretion

1969–2003

−1.55

2003–2008

124.33

3

The original units of the referenced data were 10 m /yr, but these were changed to Mt/yr for convenience under the assumption that the dry bulk density of
the sediments was 1.3 × 103 kg/m3 [6].

was 2.9% of the sediment load of Datong station in the same
time interval. Yang [20] suggested that the actual specific
sediment yield of the river mouth reach might be higher than
that of the Poyang Lake river system due to the better vegetation and large dam interception in the Poyang Lake river
system and lower than that of the middle and lower reaches
owing to the higher relief and steeper river gradient. Hence,
he estimated that the proportion of sediment flux from the
river mouth reach to that of the entire basin would be greater
than 2.9%, but lower than that of its proportion of water
yield (6.3%). Specifically, he suggested that the proportion
would be 3% to 4% [20]. This value was almost double that
of the present study. Based on the gauged data, we compared
the sediment load of the tributaries in the Poyang Lake
river system and local tributaries of the river mouth reach
and found that the former was much higher than the later.
Accordingly, the results reported by Yang [20] are likely
higher than the actual value.
4.2. Erosion/Accretion of the River Channel. Several studies
have investigated the erosion/accretion of the river channel
below Datong station (Table 2). Liu [15] studied the channel evolution of the Anhui section. They found that the
river channel in this section eroded at an average rate of
−30.02 Mt/yr from 1966 to 2002, while a slight (5.66 Mt/yr)
accretion occurred from 2002 to 2012 (after impoundment of
the TGD). Wang et al. [16] studied changes in the channel of
Jiangsu Province (from the boundary of Anhui to Jiangyin,
hereafter referred to as Jiangsu reach) and found that sediment was deposited at an average rate of 104.66 Mt/yr from
1970 to 1985, but that severe erosion occurred from 1985
to 2003. On average, slight deposition (9.01 Mt/yr) occurred
from 1970 to 2003 in Jiangsu reach. When combined with
the results reported by Liu (2013) and Wang et al. [16], the
evolution of the river channel from Datong to Jiangyin before
impoundment of the TGD in 2003 can be determined, even
though the time scale of the two studies does not match
exactly. We found that the river channel below Datong underwent moderate (−21.01 Mt/yr) erosion from 1966 to 2002. Qu
[17] investigated the evolution of the entire reach between
Datong and Jiangyin and found that the river channel experienced slight erosion (−1.55 Mt/yr) in 1969–2003.
Previous studies indicated that the river channel of the
lower reach of the Yangtze River was almost in balance in previous decades [21–23]. Examination of the results of studies

conducted by Wang et al. [16], Liu [15], and Qu [17] revealed
that, although differences exist, these studies are generally consistent with the results of previous studies of the
river channel (slight erosion/accretion) above Datong station
before 2003. Since there is no way to tell which results
were most likely, we arbitrarily selected the average of the
results reported by Liu [15] and Wang et al. (2007) [16]
(−21.01 Mt/yr) and Qu [17] (−1.55 Mt/yr) as the actual erosion/accretion results before 2003. Hence, we obtained a
slight erosion of −11.28 Mt/yr for the river channel from
Datong to Jiangyin before 2003. The distance from Datong
to Jiangyin is 417 km and the channel width is 1–10 km. Thus,
this erosion (−11.28 Mt/yr) is very small when the entire river
course is considered.
After impoundment of the TGD in 2003, sediment transport processes below the dam were quite different from the
pre-TGD period. An investigation by Liu indicated that
deposition of 5.66 Mt/yr occurred in the Anhui section in
2002–2012. The Bulletin of River Sediment of China 2008 [24]
reported a deposition of 5.79 Mt/yr from 2001 to 2006 in the
Nanjing section (92.3 km). If the deposition rate at the Nanjing section in 2001–2006 was selected as the deposition rate
of the entire Jiangsu section (218 km) in 2003–2012, then the
total deposition would be 13.67 Mt/yr. Then the deposition in
the whole river mouth reach would be 19.33 Mt/yr.
It should be noted that Qu [17] indicated that a significant
deposition (124.33 Mt/yr, 80.9% of the sediment load at
Datong station at the same time) occurred from 2003 to 2008.
If these results are accurate, significant deposition would
occur in the river channel and a sharp decrease in sediment
load would occur in the river mouth reach. However, no
studies have reported these issues; therefore, the results
reported by Qu should be verified.
4.3. Sediment Losses because of Water Extraction and
Sand Mining
4.3.1. Water Extraction. Because there is little data available
regarding water extraction, its effects on sediment flux in the
Yangtze River are still not fully understood. Zhang and Chen
[25] reported that, in a typical dry year of 1978, the total water
extraction below Datong station was 32.1 × 109 m3 /yr. In 1995,
about 20.4 × 109 m3 /yr water was extracted from the Yangtze
River in Jiangsu Province alone. Because water extraction
increased greatly from the 1970s, they estimated that the total
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water extraction below Datong station would reach 800 m3 /s,
or 2.8% of the average water discharge at Datong (896.4 ×
109 m3 /yr), in 1950–2010. In the present study, we assumed
that the water extraction before 2000 was half that after 2000,
and the suspended sediment concentration of the extracted
water was the same as that of the Datong station. Accordingly,
1.4% and 2.8% of the sediment load at Datong, which was
5.6 Mt/yr and 4.41 Mt/yr, respectively, were lost because of
water extraction before and after 2000.
4.3.2. Sand Mining. Sand mining is frequently mentioned
when addressing the factors that impact sediment load [6,
10, 26]. Although some researchers have suggested that sand
extraction may have had a significant impact on sediment
load [26], an in situ study indicated that the infilling of an
excavation pit was mainly the result of erosion from nearby
sites [27, 28], but not from the settlement of the suspended
load. The previous experimental study implied that sand
mining [27, 28] could effectively shape the river channel, but
would have limited direct impact on the suspended sediment
load [29, 30].
Since sand mining could substantially shape the river
channel, its impacts on changes in morphology calculated by
the relief maps (as conducted by Wang et al. [16], Liu [15], and
Qu [17]) would be significant. Relief maps in different stages
can directly indicate the evolution of the river channel, and
consequently the sediment load change. When considering
the contribution of sand mining, the actual sediment load
change calculated by the relief maps should be subtracted
from the volume of the sand mined.
To date, no overall investigation of sand mining in the
Yangtze River basin has been conducted. It has been reported
that, in Anhui Province, sand extraction from the stem
channel of the Yangtze River increased from 7 Mt/yr at the
beginning of the 1990s to 15 Mt/yr at the end of the 1990s [15].
Since the total length of the river channel at Anhui Province
(400 km) is almost equal to that of the study area (417 km),
we assumed that the amount of sand extracted from the
study area was equal to that removed from Anhui Province
(15 Mt/yr) before 2003.
To reduce and legalize sand mining activities in the
Yangtze River, the government issued the “Regulations of
management of sand mining in the Yangtze River” in 2001.
Under these regulations, the authorized quantity of sand
mining in the Anhui Province section for 2004–2010 was
15.54 Mt/yr [15], while it was 5.6 Mt/yr in the Jiangsu Province
section. Considering that the river length of the studied area
of the present paper (417 km) is 53% of that of the total length
of the river channel in Anhui and Jiangsu Provinces (780 km),
sand extraction from the study area will be 10.57 Mt/yr in
2004–2010, excluding illegal mining. Herein, the authorized
quantity of sand mining (10.57 Mt/yr) in 2004–2010 was taken
as the actual volume of sand mining after 2003.
4.4. Sediment Discharge into the Sea by the Yangtze River
before and after Impoundment of the TGD
4.4.1. Preimpoundment Sediment Budget. The quantity of
sediment load released out of the river mouth reach was
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determined by the gains and losses of the sediment in the river
channel. The gains included sediment from the upper reach,
local reach, and erosion of the river bed. The losses included
sediment deposition and water extraction (for uses such as
agriculture, industrial use, and domestic consumption). As
discussed above, sand mining could substantially shape the
river channel and have impacts on the changes in morphology calculated by the relief maps. When constructing the
sediment budget, the contribution of the erosion/accretion
calculated by the relief maps should subtract the volume of
sand mined. We estimated that the sand extracted from the
study area before 2002 was 15 Mt/yr; hence, the 𝑄𝑠 deposition
should be 3.72 Mt/yr (15 Mt/yr − 11.28 Mt/yr). These findings
indicate that the erosion calculated by the relief maps is lower
than that of the volume of sand mining, implying that slight
deposition must have occurred (3.72 Mt/yr).
Based on the discussion above, we established the sediment budget in the river mouth reach for the pre- and postTGD periods, respectively. The sediment budget in 1965–2002
was as follows (units, Mt/yr):
𝑄𝑠 out (398.37) = 𝑄𝑠 upper reach (400.15)
+ 𝑄𝑠 local reach (7.54)
− 𝑄𝑠 deposition (3.72)

(2)

− 𝑄𝑠 water extraction (5.6) .
The combined sediment load loss was 9.32 Mt/yr, while
the sediment gain was 7.54 in the river mouth reach, indicating that there was a net loss of 1.78 Mt/yr before impoundment. The sediment loss (1.78 Mt/yr) was only 0.44% of the
sediment load at Datong at the same time (400.15 Mt/yr).
Therefore, the contribution of the river mouth reach to the
total sediment discharge into the sea was minimal before
2003.
4.4.2. Sediment Budget after 2003. To match the time scale
(2002–2012) of the present study, it was necessary to estimate
the sediment load of the local tributaries and the Huaihe
River over the same time period because only the times series
data before 2005 was available for these rivers. Evaluation
of the annual sediment load of the local tributaries and the
Huaihe River from 1965–2005 revealed that sediment load of
these rivers showed a decreasing trend during this time interval. In the present study, we took the average sediment load
of the local tributaries and the Huaihe River from the time
period of 1996–2005 (3.42 Mt/yr) as the sediment load during
2002–2012.
As indicated above, the total deposition in the study area
was 19.33 Mt/yr in 2003–2012, while the amount of sand mining was 10.57 Mt/yr during the same period. When sand mining was considered, the actual sediment deposition (loss) was
29.90 Mt/yr. Additionally, water extraction was responsible
for 2.8% (4.41 Mt/yr) of the sediment load at Datong station

Advances in Meteorology

7

(145.06 Mt/yr) in 2003–2012. We used these data to construct
the sediment budget for 2003–2012 (unit: Mt/yr). Consider
𝑄𝑠 out (114.17) = 𝑄𝑠 upper reach (145.06)
+ 𝑄𝑠 local reach (3.42)
− 𝑄𝑠 depostition (29.90)

(3)

− 𝑄𝑠 water extraction (4.41) .
The combined sediment loss was 34.31 Mt/yr, while the
sediment gain was 3.42 Mt/yr in the river mouth reach,
indicating that a net loss of 30.89 Mt/yr occurred after the
TGD. The sediment loss (30.89 Mt/yr) was about 21.3%
of the sediment load at Datong during the same period
(145.06 Mt/yr).
Examination of the sediment budget for the two periods
revealed that sediment load decreased sharply in the river
mouth reach from 398.37 Mt/yr in 1965–2002 to 114.17 Mt/yr
in 2003–2012 after impoundment of the TGD. In both
periods, deposition occurred in the river mouth reach, especially after impoundment of the TGD, which indicated that
downstream sediment recovery was limited to the middle and
lower reaches.

5. Discussion
5.1. Regulation Effects of the River Mouth Reach on Sediment
Load. It has been suggested that the buffering function of
river mouth reaches plays an important role in regulation of
the sediment processes. In the present study, we examined the
sediment gain and loss based on gauged data together with
estimated values and found that the river mouth reach did not
strongly influence sediment discharge into the sea from the
Yangtze River before the impoundment of the TGD. Evaluation of the role that each impact factor could play in regulation of the sediment budget in the river mouth reach revealed
the following: (a) The sediment yield in the river mouth reach
is very low relative to that of the middle and upper reaches.
The proportion of the drainage area of the river mouth reach
to the entire basin is comparatively small. Accordingly, the
contribution of the sediment yield from the drainage basin to
the sediment load of the trunk river is limited. (b) Although
a large quantity of water was extracted from the river mouth
reach in recent years, relative to the huge water flow of the
mainstream of the river (896.4 × 109 m3 /yr in 1950–2010), the
volume of water extracted comprises only a small proportion
of the total and therefore has a minimal impact on sediment
load. (c) Sand mining appeared to play a more important role
in shaping the river course than reduction of the sediment
load. Overall, the regulatory effect of the river mouth reach
is very limited. These results indicate that this large river
has great potential to accommodate disturbances of the river
mouth reach from the local drainage basins.
5.2. Impacts of the TGD. Previous studies demonstrated that
the TGD has significant impacts on the hydrological regime
of the middle and lower reaches. However, its effects on

the river mouth reach have not been fully addressed. In the
present study, we found that the TGD also had significant
impacts on the sediment process in the river mouth reach.
Before impoundment of the TGD, the average deposition rate
in the study area was 3.07 Mt/yr; however, the deposition
increased to 29.90 Mt/yr after impoundment. Since there
were no significant changes in the physical conditions of the
river channel and the local drainage basin, this change was
mainly due to the impacts of the TGD. It is believed that
this increasing deposition was due to the coarsening of the
suspended load caused by erosion in the middle reaches of
the Yangtze River [31].
Erosion will generally occur below a dam. In the Yangtze
River, the severity of erosion increases with proximity to the
TGD [10]. The study area is located 1149 km away from the
TGD, and erosion does not appear to have extended to the
study area during the first ten years of operation (2003–2012).
Accordingly, more time may be needed for the impacts of the
TGD to fully manifest. The responses of the river channel of
the river mouth reach might be very complicated because of
the length and the large body of the river channel.
5.3. Limitations of the Results of the Present Study. A large
dataset was compiled to facilitate the investigation; however,
these data originate from a variety of sources and have
different reliabilities, which might lead to the uncertainty
associated with the results presented herein. Nevertheless, the
hydrological data used in this study were obtained from the
Ministry of the Water Resources of China and underwent
strict examinations before being released [32]. In the present
study, only suspended load was applied in the discussion. A
previous study showed that the bed load comprised a very
small proportion of the total load in the Yangtze River [32].
Accordingly, the error associated with these data as well as the
estimations based on these data is likely minimal.
The main uncertainties in the present study are likely
related to errors in results calculated based on the relief maps
and the estimated volume of sand mining, which both may
have had significant impacts on studies of changes in the river
channel.
In this study, we reviewed the findings of Wang et al.
[16], Liu [15], and Qu [17] and applied their results to build
a sediment budget for the river mouth reach. However, it is
important to note that the results of these studies are quite different. We thought that these differences could be attributed
to errors associated with the process used for depth measurement and digital elevation model (DEM) building (Figure 3).
Errors could exist in each step in the above processes, and
consequently bring uncertainty to the results. Specifically,
for determination of the depth, the error might exist in the
precision of the bathymetric point in different measurement
times, the accuracy of the depth measurement, and the
density of the bathymetric point. For DEM building, the error
might exist in the methodologies, or the control points and
boundary conditions. The studies conducted by Wang et al.
[16], Liu [15], and Qu [17] are all based on relief maps of the
river channel that were generated by government agencies.
However, these relief maps were developed for navigation and
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(a)

(b)

(c)

Figure 3: The processes of depth measurement and DEM building of the river channel. (a) River course; (b) cross section measurement (dots
are bathymetric points); (c) grid DEM data.

their applicability to river channel mapping has not yet been
addressed. In view of this uncertainty, we thought that the
differences of the studies of Wang et al. [16], Liu [15], and
Qu [17] might be attributed to the careless applications of the
relief maps. Further studies are needed to address these issues.

6. Conclusions
This study investigated sediment issues at the river mouth
reach of the Yangtze River. The results presented herein
enable quantitative estimation of the contribution of the river
mouth reach to the sediment load of the Yangtze River.
From 1965 to 2002, sediment discharge into the river mouth
reach of the Yangtze River was 7.54 Mt/yr from the local
tributaries and the adjacent Huaihe River, which is much
lower than its proportion in terms of its length and drainage
area. When the impacts of sand mining and water extraction
were considered, a total loss of 1.78 Mt/yr occurred during
this period. This sediment loss was very low relative to the
large body of the studied river course (417 km in length and
1–10 km in width) and was below our expectations.
After impoundment of the TGD, downstream sediment
recovery below the TGD was limited to the middle and
lower reaches. In the river mouth reach, deposition occurred
after impoundment (29.90 Mt/yr, including the impact of
sand mining). When combined with the sediment from local
tributaries and the Huaihe River, as well as sediment loss
because of water extraction, a net loss of 30.89 Mt/yr (about
21.3% of the sediment load at Datong at the same time) of sediment load occurs in the river mouth reach. The river mouth
reach has acted as a sink, but not a source, since impoundment, which exacerbates the decrease of sediment discharge
into the sea.
We also found that uncertainties exist in examination of
the sediment processes due to insufficient datasets, as well as
defects in the methodologies used to calculate changes in the
channel. Additional studies should be conducted to improve
measurements of changes in both river channel morphology
and water and sediment discharges at the river mouth reach.
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