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Abstract
Poyang Lake in the Changjiang (Yangtze) River catchment has undergone frequent spring
drought since 2003, and some researchers attributed this phenomenon to sand mining and the lakebed
deformation in the outlet channel linking the lake with Changjiang River main channel. However, there is
still a lack of high-resolution subaqueous geomorphological evidence of how sand mining led to lakebed
deformation in the outlet channel. We examined the bed morphology and sub-bottom sedimentary structure
of the outlet channel, using a multibeam echo sounder and sub-bottom proﬁler in Poyang Lake. We found
that: (1) the subaqueous micro-topography types of the outlet channel are characterized by sand mining
disturbance, natural erosional topography, and ﬂat bed and dunes, accounting for 44.9%, 21.4%, 28.6%,
and 5.1% of the channel area, respectively; and (2) sand mining activity aﬀects the local bed topography
extensively and signiﬁcantly. The depth of sandpits caused by sand mining varied from 1.4 m to 12 m deeper
than the surrounding bed surface, with 4.41 m of depth increase on average. Hence, the large-scale highintensity sand mining activities and their signiﬁcant geomorphic eﬀects demand for an improved assessment
for future management and longer-term sustainability. Because of the large-scale and ongoing high-intensity
sand mining activities in the Poyang Lake outlet channel, these eﬀects should raise caution in the future
and contribute to monitoring eﬀorts that are essential to implement sustainable management solutions. The
present study and techniques implemented can serve as a scientiﬁc reference for dam construction and sand
mining within the Poyang Lake basin.
Keyword: lakebed deformation; sand mining; multibeam echo sounder; Poyang Lake

1 INTRODUCTION
Lake systems, including ponds and impoundments,
cover approximately 3% (4.6 million km2) of the
world’s non-oceanic surface and form vitally
important ecosystems and water resources in local
and global scales (Yang and Lu, 2014; Wang et al.,
2017a; Yu et al., 2018; Yuan et al., 2021). However,
many of these freshwater lake systems have been
subjected to drastic changes in sediment accumulation
or erosion, lakebed deformation, or severe water
shortages in recent decades. For example, 30.4% of
European lakes have experienced high sediment
accumulation rates since AD 1850 (Rose et al., 2011),

and in Canada, sedimentation rates in many lakes
have also steadily increased during the late 20th
century (Alighalehbabakhani et al., 2017).
Human activity, as one of the factors inﬂuencing
the evolution of lakebed topography, has attracted
much attention (Xu and Milliman, 2009). For
example, the Three Gorges Dam (TGD), the world’s
largest hydropower dam, has led to rapid erosion in
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the middle reaches and subaqueous delta of the
Changjiang (Yangtze) River since 2003 (Wu et al.,
2020a; Zheng et al., 2020). The change in topography
of many large rivers and deltas around the world, e.g.,
the Mississippi, Nile, Huanghe (Yellow), and Mekong
rivers, has also been attributed to human activities,
together with land subsidence and sea-level rise
(Wang et al., 2010, 2017b; Best, 2019). Anthropogenic
activity has also aﬀected the evolution of river-lake
systems (Mei et al., 2015; Zhang et al., 2016), and
topographic change in large freshwater lakes, in terms
of its great importance to regional development and
ecosystems, has caused global concern (Xie et al.,
2017). Sand mining exerts an increasingly detrimental
eﬀect within many rivers, lakes and nearshore regions
across the globe (Bendixen et al., 2019; Wu et al.,
2020b), with the management and amelioration of its
eﬀects demanding monitoring and quantiﬁcation of
sediment ﬂux (Bendixen et al., 2019).
In 2000, Chinese government established a policy
prohibiting illegal sand mining in the main channel of
the Changjiang River (Wang et al., 2019). Since then,
most sand mining activities shifted to the Poyang
Lake (PL), a tributary of the Changjiang River (Fig.1),
and drastic changes in lakebed topography in the PL
outlet channel occurred (Yu et al., 2012; Lai et al.,
2014; Mei et al., 2015; Zhang et al., 2016). Li et al.
(2014) pointed out that high intensity of illegal
dredging changed the PL sedimentation system to
sediment-exporting. De Leeuw et al. (2010) estimated
that the PL supplies 9% of the total Chinese demand
of sand. Mei et al. (2018) argued that the PL losing
782×104 t/a sediment during 20002012 and the PL
outlet channel underwent slight erosion since 2003
(Mei et al., 2015). At the same location, Wu et al.
(2015) compared 1980, 1988, and 2010 bathymetric
data of the PL. They found that a high erosion rate of
30.75 cm/a, and that a total erosion depth of 3.69 m
had occurred in the PL outlet between 1998 and 2010.
Lai et al. (2014) pointing out that the discharge of the
PL outlet channel has increased by a factor of up to
1.52 because intensive sand mining has widened and
deepened the channel. Yao et al. (2018) found that the
northern outlet channel underwent an average of 3 m
of bed erosion from 1998 to 2010. Previous studies
have analyzed the inﬂuence of sand mining on lakebed
evolution of PL, but a lack of high-resolution
topographic measurements has limited detailed study
of the characteristics of the outlet channel, and its
response to intensive sand mining.
In the present study, we examine the bed and sub-
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bottom characteristics along the 40 km-long PL outlet
navigation channel using a RESON SeaBat 7125
multi-beam echo sounder and an EdgeTech subbottom proﬁler. The objectives were to: 1) obtain
high-resolution topographic data in order to quantify
the geometry of sandpits and sand mining areas,
including their depth, length and volume, 2) identify
the inﬂuence of sand mining to sediment transport
and bed topography evolution of the Poyang Lake.
This contribution represents a case study on the large
freshwater lakes that are disturbed by intensive sand
mining around the world.

2 STUDY AREA
The Poyang Lake (PL) basin lies on the south bank
of the Changjiang River (28°24′N–29°46′N,
115°49′E–116°46′E), and is the largest freshwater
wetland in China, with a basin area of 162 000 km2
(Yao et al., 2017). It has a length of 170 km from north
to south and a width of 74 km from east to west (Mei
et al., 2015). The PL belongs to the subtropical
monsoon climate with annual rainfall of 1 654 mm and
average annual temperature of 17.6 °C (Zhang et al.,
2014). The lake receives water and sediment from ﬁve
tributaries (the Ganjiang, Fuhe, Xinjiang, Xiushui, and
Raohe rivers) and ﬂows into the Changjiang River
through a narrow outlet channel to the north (Wu et al.,
2007). These ﬁve tributaries contribute 85.4% of the
total runoﬀ and 87.2% of the suspended sediment load
running into the PL (Mei et al., 2015).
Poyang Lake is approximately 4 000 km2 in area
during the ﬂood season, 3 to 4 times its size in the dry
season, due to discharge interactions between the
Changjiang River and PL (Wu et al., 2007). The
runoﬀ of the PL catchment ranged from 1 400 m3/s to
12 000 m3/s during 19532010. More than 9 500
dams and reservoirs were built in the PL basin before
2007 (Ye et al., 2013), with PL supplying 17% and
2% of total discharge and suspended sediment load of
the Changjiang River, respectively (Mei et al., 2015).
The width of the 40-km outlet channel varies from
2.87.0 km in ﬂood season, with ﬂow being strongly
inﬂuenced by the interactions of the Changjiang River
and PL (Hu et al., 2007). Sand mining in the middle and
lower Changjiang River seriously threatened the
riverbed and embankment stability and therefore, it was
banned in the main channel in 2000 (Jiang et al., 2015).
As a result, sand mining was conducted in the main
channel of the PL outlet and part of the Ganjiang River
after 2007 (Jiang et al., 2015). Since then, ecological,
environmental, hydrological and geomorphological
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Fig.1 Location and morphological characteristics of the study area
a. map of the middle and lower reaches of the Changjiang River, China; b. the study area at Poyang Lake outlet channel and survey lines (the length of the
surveyed channel is approximately 40 km). Red circles and blue ellipses show sandpit locations in (b). Red stars show sampling locations in (be); ce.
cross-sections and the bed sediment sampling locations in detail.

changes within PL have raised signiﬁcant concerns
because PL is the largest ﬂoodplain system, bird reserve,
and an important habitat for the Yangtze ﬁnless porpoise
in China (Zhang et al., 2014; Li et al., 2018). At the
same time, study of human activities and their eﬀects
on evolution of PL have prompted much research (Jiang
et al., 2015). In the present study, a 40-km length of the
outlet channel connecting to PL has been studied to
analyze its morphology and evolution of the river and
lake bed (Fig.1).

3 MATERIAL AND METHOD
3.1 Multibeam data and analysis
For the main outlet channel of Poyang Lake, from
Hukou to Ganjiang River, where sand mining activity
is concentered (Wu et al., 2007), a total of ~79 kmlong survey lines of multibeam and sub-bottom
proﬁler data were obtained along the 40 km-long
navigation channel (Fig.1).
The subaqueous topography of the outlet channel
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was quantiﬁed using a Teledyne RESON Seabat 7125
multibeam echo sounder (MBES) with a working
frequency of 400 kHz, central beam angle of 0.5° and
ping rate of 20 Hz. The MBES has 512 beams and a
theoretical depth resolution of 6–10 mm (Zheng et al.,
2018). A Trimble real-time diﬀerential global
positioning system (DGPS) was used to record position
at a decimeter level of accuracy during the surveys. All
MBES point cloud data was processed in PDS 2000
software, including: (1) sound speed correction, (2)
calibrations for roll, pitch and yaw, and (3) error beam
deletion. The speed of surveying vessel was controlled
as constantly as possible at 2.5 m/s and minimum ping
rate is 810 Hz. Therefore, longitudinally, the resolution
between two points can reach up to 0.4 m. The coverage
width of track-lines is 56 times of the water depth.
The water depth in the study area is less than 40 m.
Thus, laterally, the resolution between two points can
reach up to 0.5 m. The ﬁnal point cloud data was
gridded to a resolution of 1 m×1 m. We used the realtime water level as the water depth during MBES
surveying. Because the water discharge and level
during the survey were 3 860–3 950 m3/s and 10.90–
10.99 m respectively at Hukou station on September
22, 2016 (http://www.hubeiwater.gov.cn/). Thus, the
depth error of the sonar data caused by the water level
change is less than 0.09 m.
3.2 Sub-bottom proﬁle data and analysis
High-resolution imagery of the sub-bottom
sedimentary structure along the PL outlet channel was
collected using an EdgeTech 3100 sub-bottom proﬁler
(Fig.1), with a SB-216S tow-ﬁsh working at a
frequency of 2–16 kHz. This system has a theoretical
depth resolution of 610 mm at measurement depths
<300 m (Zhang et al., 2018). The tow-ﬁsh was
deployed from a survey vessel using a 35 m-long tow
cable, and the sub-bottom sonar data were collected
using EdgeTech DISCOVER software. During the
survey, the speed of the vessel was controlled as
constant as possible at 1.53 m/s.
3.3 Lakebed sediment data and analysis
Six bed surface sediment samples were collected at
the three cross-sections (Fig.1) using a “cap” type
sampler, which collects the upper 0.030.10 m of the
sediment (Zheng et al., 2018). Organic matter and
CaCO3 concretions were removed by using 10% H2O2
and 10% HCL, and an appropriate amount of (Na2PO3)6
was used to disperse the sample. Grain-size analysis
was subsequently performed using a Beckman Coulter
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Model LS13 320 Laser-diﬀraction Particle Size
Analyzer. Parameters of median size, clay content, silt
content, and sand content were analyzed.
3.4 Statistics of the sand mining parameters
As sandpits are usually present as single or multiple
pits on the river/lakebed (Mei et al., 2015), we
regarded the oval pits as concave with an abrupt edge
and regular planar form (Fig.2). The length (L), depth
(H), and volume (V) of the sandpits were calculated in
PDS 2000 software. First, a 1-m×1-m digital elevation
model was generated from the processed MBES point
cloud data. Secondly, L and H of the sandpits were
measured manually three times, with an average value
providing the ﬁnal estimate. Lastly, the parameters of
both sandpits and sand mining areas were computed
as follows:
The area of a single grid cell (Si; m2):
(1)
Si=li×hi,
where li and hi are the cell size.
The total area (ST) of sandpits or sand mining areas
(m2) is thus:
(2)
ST=Si×n (i=1, 2, 3, ∙∙∙, n),
where n is the number of the grid cells in the calculated
area.
The total volume (VT) of sandpits or sand mining
areas (m3) is thus:
(3)
VT=ni=1Si×(Di–HR) (i=1, 2, 3, ∙∙∙, n),
where Di is the measured elevation of the bed (m),
and HR is a reference level equal to the average depth
of the surrounding bed outside the sandpit.
The lowest point depth in a sandpit or sand mining
area (DLP) is then:
(4)
DLP=min[D1, D2, D3, ∙∙∙, Dn].
The maximum diﬀerence between these two values
(DV) is thus:
(5)
DV=|Hi–DLP|.

4 RESULT
4.1 Bed sediment characteristics
The grain size of the bed sediment samples shows
a median size between 10.2 and 311.0 μm as the
sampling depth varying from 3 to 8 m (Table 1; Fig.3).
These samples can be divided into two categories
according to their grain-size components. (I): Median
grain size of ﬁne silt (10.217.5 μm), where the silt
content is 74.6% to 79.1%, the clay content accounts
for 10.2% to 17.5% and the sand content is 8.9% to
16.8% (Table 1). These samples (1#, 2#, 3#, and 5#)
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were collected at water depths of 310 m. (Ⅱ): Median
grain size of sand (75.1311.0 μm). The sand content
here accounts for 61.2%89.5%, while the silt content
was 8.6%29.4% and clay content was 1.9%9.4%
(Table 1). These samples (4# and 6#) were collected
at water depths of 1018 m.
Among the six samples, 4# was taken from the sand
mining area while samples 1#, 2#, 3#, and 5# were in
shallow water (water depth <10 m) and 6# was sampled
in the main waterway (water depth >10 m; Fig.1 &
Table 1). The grain-size distribution of 4# from the

Table 1 Grain-size characteristics of the bed sediments
from the Poyang Lake outlet channel
Sample Median Clay (%)
(#)
(μm)
(<2 μm)

Silt (%) Sand (%) Depth
(2–63 μm) (>63 μm) (m)

Location

1

12.6

12.9

74.6

12.5

8–10

Channel

2

10.2

12.0

79.1

8.9

5–10

Channel

3

17.5

8.6

74.6

16.8

3–5

Channel

4

75.1

9.4

29.4

61.2

11–18

Sandpit

5

11.5

13.1

75.5

11.4

5–6

Channel

6

311.0

1.9

8.6

89.5

10–12

Deep
channel
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Fig.4 MBES maps of sand mining areas (a, c), with corresponding sub-bottom proﬁles (b, d)
The red solid lines in (a) and (c) show the location of sub-bottom proﬁles. The yellow solid lines and white solid lines in (b) and (d) show the location of
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sand mining area is the only sample to show a clear
bimodality, with peaks in the sand (>63 μm) and ﬁne
silt (2–16 μm) size classes (Fig.3). All the other samples
possess one primary peak or small secondary peaks.
4.2 Bed morphology and sub-bottom sedimentary
structure
The 79-km length of MBES data along the main
channel (Fig.1) shows that approximately 45%

(~35.5 km) of the observed area comprised irregular
sandpits or sand mining topography that often exhibits
sharp edges with steep gradients (Fig.2). These
irregular sandpits were 1.44.8 m deeper than the
surrounding bed surface (Table 2), and some single
sandpits displayed an elliptical shape with a length of
20130 m. However, the length of sand mining areas
reached up to 1.0 km (Fig.4d). The morphological
characters of seven sandpits were estimated, which
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Table 2 Statistical parameters of single sandpits and sand mining areas in the Poyang Lake outlet channel
Type

Sandpit

Sand mining
area

Number

Statistical area (m2)

Volume (m3)

Reference level† (m)

Lowest bed level (m)

SP1
SP2

Max. sandpit scour depth (m)

255

209

-15.2

-16.6

1.4

666

1 363

-8.4

-11.6

3.2

SP3

680

1 771

-10.0

-13.6

3.6

SP4

379

1 110

-11.0

-14.9

3.9

SP5

555

1 446

-13.0

-17.7

4.7

SP6

396

1 245

-13.5

-18.3

4.8

SP7

561

1 014

-9.5

-12.6

3.1

SM1

25 320

219 992

-7.1

-17.2

10.1

SM2

1 835

6 964

-8.2

-15.4

7.2

SM3

2 127

10 416

-9.0

-16.2

7.2

SM4

61 562

196 821

-12.5

-18.6

6.1

SM5

17 122

62 239

-11.0

-16.8

5.8

SM6

2 933

9 517

-10.0

-15.3

5.3

SM7

2 102

5 148

-14.0

-18.2

4.2

SM8

56 246

441 977

-12.0

-24.0

12.0

: Reference level is the average depth of the surrounding bed.

†
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Fig.5 Types of lakebed morphology, Poyang Lake outlet channel
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shows a volume between 209 and 1 771 m3, an area
between 255 and 680 m2, with the average depth of
the sandpits being 0.83.1 m (Fig.1). However, the
maximum sand mining depth can be up to 4.212 m
deeper than the adjacent bed (Table 2).
Dunes were mainly observed in the southern part
of the study area (~4 km-long; Fig.5a) near Xingzi
Station, with straight to curved crest lines, a
wavelength of 714 m and height of 0.30.6 m. In

some reaches of the channel, it is hard to distinguish
sand mining areas from ﬂat bed and natural erosional
topography solely from the MBES data. However,
comparing the MBES data with sub-bottom proﬁle
data, it becomes possible to distinguish sand mining
areas that have been subsequently inﬁlled and are
now regions of ﬂatbed (Fig.4a) from natural ﬂatbed
without previous sand mining (Fig.4). Single sandpit
may also indicate larger areas of sand mining that
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Table 3 Statistical analysis of the sandpits and sand mining areas in the Poyang Lake outlet channel
Parameter

Range

Sandpits (n=7)

Median

Standard deviation Coeﬃcient of variation (%)

Area (m )

255–680

499

555

147

29.6

209–1 771

1 165

1 245

452

38.8

D-value† (m)

1.4–4.8

3.5

3.6

1.1

30.2

Area (m )

1 835–61 562

21 156

10 028

23 260

109.9

Volume (m )

5 148–441 977

119 134

36 328

147 090

123.5

D-value (m)

4.2–12

7.2

6.7

2.4

33.6

2

Sand mining area (n=8)

Average value

Volume (m3)

2

3

: D-value is the abbreviation of the diﬀerence value in Table 1.

†

have undergone partial inﬁll (Fig.5b). Natural
erosional topography is usually displayed as a strip of
lower terrain, and whose subsurface structure is more
homogenous than that of sand mining areas, and
appears to be incised into underlying more cohesive
materials that can sustain a steep margin (Fig.5c).
Most importantly, this erosional topography is
generally without internal layering (Fig.5c), whereas
the sand mining areas display one to two layers
(Fig.4). In total, the sand mining areas, natural
erosional topography, ﬂat bed and dunes account for
44.9%, 21.4%, 28.6%, and 5.1% of the surveyed bed
area, respectively.
Sub-bottom proﬁle data show that approximately
65.8% (~27.0 km) of the PL outlet length developed
internal layering at a sediment depth >0.5 m (Fig.4).
These layering developed mainly in the areas of sand
mining topography and part of the ﬂat bed area (sand
mining areas that have subsequent been inﬁlled). The
thickness of this internal layering varied from 0.5 to
8 m in the sand mining areas, while no internal layering
appears beneath the natural erosional topography.

5 DISCUSSION
5.1 Estimation of sand mining volume
Jiang et al. (2015) estimated that approximately
2 124 Mt (1.29×106 m3) of sand was excavated from
PL during 2000–2010. The authors also highlighted
that sand mining activities in PL have aﬀected an area
of 260.4 km2 with an average depth of dredging of
4.95 m. Declines in sediment load may result in
erosion of PL above the low water level at an average
rate of 0.144 m/a from 2000 to 2010 (Zhang et al.,
2016) and ~2.3 m of erosion from 2000 to 2016 at this
same erosion rate assumingly. The above studies thus
provided average values between 2.3 m and 4.95 m
for bed erosion caused by sand mining. However,
considering the uneven spatial distribution of sand
mining, it is necessary to investigate the impact of

sand mining activities on local bed topography.
In the present study, we examined the PL outlet
channel and found that sand mining has an extensive
and signiﬁcant eﬀect on local bed topography, with
approximately 44.9% of the length of the PL outlet
channel having sandpits/sand mining areas. As a
result, the longitudinal proﬁle of the PL outlet channel
comprises sandpits/sand mining areas, natural
erosional topography, ﬂatbed and dunes (Figs.4 & 5).
The present high-resolution topographic data
collected by MBES and sub-bottom proﬁler show the
depth of sandpits can reach up to 1.4–12 m (Table 1),
which are substantially larger than the results from
Jiang et al. (2015) and Zhang et al. (2016). In addition,
the maximum depth of sandpits and the relative depth
of the navigation channel are of the same order of
magnitude (Fig.4).
Three cross-sections with a length of 550 m to
1 km were measured as representative of the
navigation channel cross-section (Fig.1). The MBES
data show that the depth of the navigation channel is
10–25 m relative to the elevation of the bed in the wet
season (Fig.1). Thus, the maximum depth of sandpits
reaches up to 1.412 m, which accounts for 14%48%
of the relative channel depth (Figs.1 & 4). This
observation indicates that sand mining has changed
the boundary conditions of the PL outlet channel.
Furthermore, statistical data from seven sandpits
show coeﬃcients of variation (CV) of area, volume,
and bed elevation diﬀerence of 29.6%, 38.8%, and
30.2%, respectively, whereas the CV values from the
eight sand mining areas, for area, volume and bed
elevation diﬀerence, are 109.9%, 123.5%, and 33.6%,
respectively (Table 3). The morphological parameters
with high discreteness of sandpits/sand mining areas
indicate that severe channel deformation on local bed
topography has occurred due to sand mining activities.
This result may lead to radical changes in
hydrodynamic conditions in the PL outlet channel
(Yuan et al., 2021).
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Fig.6 Annual sediment (a) and discharge (b) of the Poyang Lake from 1956 to 2018 (modiﬁed from Li et al., 2015)

Seven sandpits and eight sand mining areas data
were calculated and the results show that they have a
total volume of 7.63×105 m3 with an area of
1.73×105 m2 (Table 2). This result indicates that an
average depth of 4.41 m was increased in the sand
mining areas due to sand mining. Even though the
spatial distribution of sand mining activities are
highly dispersed in the PL outlet, the inﬂuence of
sand mining activities cannot be ignored (accounts
for 44.9% of the observation area). Furthermore,
because of the large-scale and ongoing high intensity
of sand mining activities in the outlet section, their
morphological eﬀects should be considered.
5.2 Eﬀect of sand mining on sediment transport
and bed evolution in Poyang Lake
Regarding the sand mining activities in recent
years (De Leeuw et al., 2010; Lai et al., 2014; Yao et
al., 2018), it has been estimated that the total quantity
of sand excavated from the Poyang Lake was at least

2 124 Mt (1.29×106 m3) during the period 2001–2010,
assuming a bulk density of 1.65 t/m3 for the bed
material (Jiang et al., 2015). The total sediment input
between 1956 and 2000 was 820.29×106 Mt, with the
total sediment output from Hukou being 475.67×106 t,
yielding an average value of 18.23×106 t/a and
10.57×106 t/a for sediment input and output,
respectively (Li et al., 2015). Thus, the total sediment
deposit in the PL between 1956 and 2000 was
404.29×106 t, on average rate of 8.98×106 t/a. This
sediment budget changed after 2000 (Fig.6). Dam
construction, combined with soil and water
conservation in the ﬁve tributary catchments, reduced
annual sediment input load to 7.14×106 t/a in
20012011 (Li et al., 2015) which is only 39.2% of its
19562000 value. However, the annual sediment
output increased to 12.35×106 t/a during 20012018,
yielding a net erosion of sediment during this period
of 5.68×106 t/a (Fig.6). Overall, sediment delivering
into the PL declined after 2000, whereas sediment
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extraction and export from the lake increased. This
has dramatically changed system from net deposition
to net erosion. It is worth noting that before 2000, the
changing trend of sediment load curves (input and
output) are synchronous with the curves of annual
ﬂow discharge of the PL (Fig.6). For instance, for
several low values of sediment output in 1964 and
1991, the sediment input and annual ﬂow discharge
(input and output) also show low values (Fig.6).
However, this phenomenon altered after 2000. The
annual ﬂow discharge input and output only slightly
varied from 1960–2018 (Mei et al., 2015), while the
sediment input decreased and the output increased
(Fig.6). This evidence also indicates the sedimentary
environment had changed from deposition to erosion
in the PL after 2000.
Previous study found that sandpits recover to their
original state after sand mining if provided suﬃcient
sediment ﬁll in the excavated depressions (Gonçalves
et al., 2014). When grain size of deposited sediment
in sandpits is diﬀerent from the original values,
internal layering may appear which can be imaged by
the sub-bottom proﬁler (Grant and Schreiber, 1990).
In the present study, we found most of the internal
layering was concentrated in the reaches that have
undergone sand mining (Fig.7). This result indicates
most of the sandpits have inﬁlled by external sediment

supply. Therefore, MBES imaging combined with
sub-bottom proﬁle data can quantify the large-scale
negative topography and sand budget caused by sand
mining (Figs.4 & 5). The MBES imaging combined
with sub-bottom proﬁle data show inﬁll of older sand
mining areas to a state where the bed surface is now
ﬂatbed while the new sand mining areas are concave
terrain (Fig.4). This diﬀerence may be attributed to
the presence of relatively new sandpits or sand mining
areas. Continuous sand mining activities lead to the
sandpits not been fully inﬁlled with sediment. The
study of Wang et al. (2019) supports this hypothesis.
They found that the number of sand dredgers has
continued to increase after 2010 (more and more
illegal sand dredgers emerged because of the huge
economic proﬁts). Additionally, the sub-bottom
proﬁler data also reveal that two- and multipleinternal layers may be present in the sand mining
areas (Fig.4), demonstrating successive periods of
inﬁll. Thus, the sand mining activities also changed
the sediment transport and re-deposition in the Poyang
Lake.
5.3 Implications on other large lake systems
Sand mining activities are rising exponentially
over the past several decades. The main reason is to
meet the rapid industrialization and urbanization
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developments all over the world (Sreebha and
Padmalal, 2011). This human activity has been
reported to exert an increasingly detrimental eﬀect
within many rivers, lakes, and shoreline regions
(Bendixen et al., 2019), which has led to bedform
deformation, water shortages and sediment transport
change, and series of ecological and environmental
problems (Alighalehbabakhani et al., 2017).
Many studies have pointed out that sand mining
can increase PL discharge ability by widening and
deepening outlet channel (Lai et al., 2014). However,
very few studies forced on high-resolution
subaqueous topographic characteristics and its
response mechanism. Our study shows detail lakebed
and sub-bottom topography characteristics after
sand mining. Lai et al. (2014) thought that the
discharge ability of the PL outlet channel is related
to the channel morphology, i.e., a wider and deeper
channel is conducive to the lake draining quickly
into the Changjiang River and leading to a low water
level. Our data from MEBS and sub-bottom proﬁler
show that the sand mining has led to the PL outlet
channel deeper (~4.41 m at the sand mining area)
and winder than before (Figs.4b, c, & 5c). Thus, the
widening and deepening of the PL outlet channel
accelerated the runoﬀ from PL ﬂowing into the
Changjiang River.
In order to alleviate the impact of sand mining on
lakebed of the PL, it is necessary to 1) evaluate the
stability of the PL lake-bed and ﬁnd out the unstable
area by using high-resolution bathymetric data, 2)
evaluate exploitable sediment amount of the PL
according to sediment input from ﬁve rivers and the
topography characteristics of the lake-bed, 3)
reestablish lake-bed balance and reduce water
carrying capacity of the PL outlet channel by using
sediment gradually ﬁll rule, 4) monitor mining area
and ensure the exploitation of river sand in a
standardized and orderly way. These ﬁndings are
conducive to our understanding of bed deformation
trends for the other large lake systems with no or
limited bathymetry data.
Although the present study could not discriminate
contributions of sand mining and other impact factors,
such as precipitation variation and Three Gorges
Dam, to the Poyang Lake recession, our ﬁndings
indicate that the sand mining in the lake outlet can
increase the width and depth of the channel. The
observed lake channel widening in the PL outlet
suggests that large scale sand mining activities could
cause lake erosion. This conclusion can be utilized in
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lake management and ecological planning for other
lake system.

6 CONCLUSION
The Poyang Lake is increasingly experiencing
serious crises in its ecology, hydrology and subaqueous
topography, caused by anthropogenic factors
including sand mining, dam and reservoir construction,
and water and soil conservation practices. The present
study focuses on the inﬂuence of sand mining
activities on bed evolution of a 40-km long outlet
navigation channel from the Poyang Lake to the
Changjiang River using high-resolution multibeam
data and sub-bottom sedimentary data. The results
reveal that:
The Poyang Lake outlet channel comprises four
types of bed morphology: sand mining pits or areas
(44.9% in areal coverage), natural erosional
topography (21.4%), ﬂat bed (28.6%) and subaqueous
dunes (5.1%).
In addition to the revealed sand mining topography
above, there is approximately another 65.8% of the
subsurface sedimentary structure indicating evidence
of previous sediment mining but now covered by a >
0.5-m thick sediment layer.
The area, volume, depth, and coeﬃcient of
variation of single sandpits range from 255680 m2,
2091 771 m3, 1.44.8 m, and 29.6%38.8%,
respectively. The associated sand mining areas are
1 85361 562 m2, 5 148441 977 m3, 4.212 m,
33.6%123.5%, respectively.
An average depth of 4.41 m was increased in the
sand mining areas in the PL outlet channel. The
inﬂuence of sand mining activities includes widening
and deepening of the PL outlet channel.
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