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ABSTRACT: 

Sand dredging has been practiced in rivers, lakes, harbours and coastal areas in recent years in China mostly 

because of demand from construction industry as building material. Sand dredging has disturbed aquatic 

ecosystems by affecting hydrological processes, increasing content of suspended sediments and reducing water 

clarity. Poyang Lake, connecting with Yangtze River in the lower reaches of the Yangtze River, is the largest fresh 

water lake in China. Sand dredging in Poyang Lake has been intensified since 2001 because such practice was 

banned in Yangtze River and profitable. In this study, the morphologic change caused by sand dredging in Poyang 

Lake basin was analysed by overlaying two DEMs acquired in 1952 and 2010 respectively. Since the reflectance 

of middle infrared band for sand dredging vessel is much higher than that of water surface, sand dredging vessels 

were showed as isolated grey points and can be counted in the middle infrared band in 12 Landsat images acquired 

in flooding season during 2000~2010. Another two Landsat images (with low water level before 2000 and after 

2010) were used to evaluate the morphologic change by comparing inundation extent and shoreline shape. The 

following results was obtained: (1) vessels for sand dredging are mainly distributed in the north of Poyang Lake 

before 2007, but the dredging area was enlarged to the central region and even to Gan River; (2) sand dredging 

area reached to about 260.4 km2 and is mainly distributed in the north of Songmen Mountain and has been 

enlarged to central of Poyang Lake from the distribution of sand vessels since 2007. Sand dredged from Poyang 

Lake was about 1.99×109m3 or 2448 Mt assuming sediment bulk density of 1.23 t m-3. It means that the 

magnitude of sand mining during 2001-2010 is almost ten times of sand depositions in Poyang Lake during 

1955-2010; (3) Sand dredging in Poyang Lake has alternated the lake capacity and discharge section area, some of 

the watercourse in the northern channel was enlarged by more than 1km when in low lake level. This study is 

useful to understand the change of hydrological system, especially the drying up trend in Poyang Lake in recent 

autumns and winters. 

 

1. INTRODUCTION 

Poyang Lake, the largest fresh water lake in China, 

is located at the lower Yangtze River basin of China 

(28°25'-29°45' N, 115°48'-116°44' E). It is fed by the 

tributaries of the Gan, Fu, Xin, Rao and Xiu rivers and 

connected to the Yangtze River through the lake 

mouth in the north (figure 1). Poyang Lake is affected 

by subtropical monsoon climate with a mean annual 

precipitation of 1,680 mm (Ye et al., 2011). Although 

Poyang Lake basin only occupies an area of 9% the 

Yangtze River Basin, supplies 17% of annual 

discharge of Yangtze River. Due to cherish a very 

abundant biodiversity, Poyang lake wetland was in the 

first batch of The Ramser Convertion List of Welands 

of International Importance (The Ramsar Convention 

2012). Poyang Lake was also entrusted to store flood 

water for Yangtze River (Gao et al, 2014) and support 

a high population densities of about 400-800 

persons/km2 (Shankman et al., 2006).  

In the past decades, however, Poyang Lake 

experienced dramatic morphologic changes due to  
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Figure 1: The hydrological system for Poyang Lake watershed and map of Poyang Lake 

 

human activities including sand excavation (Feng et al, 

2011) and reclamation for agriculture, fishery, 

aquaculture and settlements (Qi et al, 2010; Min, 

1999). Reclamation and sand excavation caused 

morphologic changes horizontally and vertically 

respectively. It is estimated that area of Poyang Lake 

was reduced from 5160 km2 in 1954 to 3860 km2 in 

1998 (Shankman and Liang, 2003). Reclaiming 

farmland was the most significant activity changing 

the morphology of Poyang Lake dramatically before 

1998. 

Demand for sand was increasing during 

2001-2010 because of rapid urbanization in the lower 

Yangtze River valley. And the activity of sand 

dredging was banned in the Yangtze River in 

2000(People’s Daily, 2000). Lured by the high profits, 

sand dredging developed quickly with hundreds of 

large vessels assembled in Poyang Lake. So the 

practice of sand dredging in Poyang Lake began in 

2001. Sand dredging can cause the increase of water 

turbid (Wu et al., 2007; Cui et al., 2013; Feng et al., 

2012). It was reported that sand dredging in Poyang 

Lake currently dominates the sediment balance of the 

lower Yangtze River because of water turbid increase 

(Gao et al., 2014). Sand excavation also caused an 

increase of storage capacity. With the assumes that the 

flow of vessel continued day and night and all vessels 

have a same carrying capacity of 2000 tonnes, a rate 

of sand extraction of 236 million m3 year-1 in 

2005-2006 from Poyang Lake was estimated based on 

the count of vessels leaving Poyang Lake (de Leeuw 

et al., 2009). Furthermore, an increase of storage 

capacity by 0.98km3 was estimated (Gao et al., 2014) 

based on a report that 200 Mt y-1 of sand was mined 

during 2001-2005 and reduce to 30 Mt y-1 in the next 

years. These studies can give us some cognition on the 

magnitude of sand mining in Poyang Lake. These 

morphologic changes have triggered significant 

hydrological consequences in the region (Zhong and 

Chen, 2005). To learn the relationship between these 

changes of morphology and hydrologic regime more, 

we need more detail information about sand mining.  

This study is to reveal the morphologic changes in 

Poyang Lake during 2001-2010 caused by sand 

dredging. The specific objectives are to: (1) calculate 

the total volume of sand mining and rate of sand 

excavation every year during 2001-2010; (2) map the 

main sand mining region; (3) investigate the changes 

of water surface and morphology of lake bed; (4) 
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investigate the hydrologic changes in Poyang Lake 

caused by sand mining. 

2. DATA AND METHODS 

2.1 Landsat Images Processing 

One Landsat images (path 121/row 40) with no or 

little cloud cover were selected for each year during 

2000 and 2010 in this study (Table 1). These images 

were acquired in flood season. And another two 

images acquired before and after 2001 respectively, 

with similar low lake level, were used to investigate 

the morphologic changes caused by the activity of 

sand excavation. All images were geometrically 

rectified to WGS84 datum with Universal Transverse 

Mercatol (UTM) projection and orthorectified using a 

digital elevation model (DEM) of 1:50,000 using a 

second-order polynomial and nearest neighbour 

approach.  

 

No. 

Image 

acquired 

date 

(YYYY-

MM-DD) 

Satellite 

/sensor 

Water 

level 

in 

Hukou

（m） 

Used 

in the 

study 

1 2000-8-22 Landsat7/ETM+ 13.63 a 

2 2001-6-30 Landsat5/TM 15.02 a 

3 2002-9-29 Landsat7/ETM+ 12.37 a 

4 2003-8-7 Landsat7/ETM+ 14.83 a 

5 2004-6-22 Landsat5/TM 13.55 a 

6 2005-8-12 Landsat5/TM 13.80 a 

7 2006-6-12 Landsat5/TM 14.34 a 

8 2007-8-2 Landsat5/TM 15.98 a 

9 2008-5-16 Landsat5/TM 10.73  a 

10 2009-6-4 Landsat5/TM 13.37 a 

11 2010-7-25 Landsat5/TM 17.99 a 

12 2009-2-12 Landsat5/TM 5.68 b 

13 1993-1-31 Landsat5/TM 6.68 b 

* a: Counting sand vessels; b: investigating the 

morphological changes 

Table1: Landsat TM/ETM+ images for counting 

vessels and the concurrent water level in Hukou 

gauging station 

It was revealed that the middle infrared bands 5 

and 7 can be used to discriminate vessels from 

surrounding water (Wu et al, 2008). And the fishing 

boats were too small to affect the reflectance of 

surrounding water and would not be counted as 

vessels involving in sand industry. Though it is 

difficult to make a distinction between sand dredging 

and sand transporting vessels from remote sensed 

images, the proportion for the two type of vessel was 

assumed to be steady in these years. The colour 

composite map with band 5, 4 and 1 were used to 

define turbid water region and then the vessels in 

turbid water were detected by visual interpretation 

with band 5. 

 

2.2 Hydrological Data  

There are eight controlling hydrologic gauging 

stations at the five tributaries as showed in figure 1. 

They are named as Waizhou station at Gan River, 

Lijiadu station at Fu River, Meigang station at Xin 

River, Hushan, Shizhenjie and Dufengkeng stations at 

Rao River, as well as Qiujin and Wanjiangfu stations 

at Xiu River. Daily water discharge and sediment load 

data for the eight gauging stations and Hukou station 

gauging the water discharges and sediment load into 

Yangtze River were obtained from Changjiang Water 

Resources Commission. These dataset were used to 

take a view at the change of sediment balance in 

Poyang Lake. And the water levels from Xingzi 

gauging station and water discharge from Hukou 

gauging station were used to investigate the changes 

of rate of water discharge to Yangtze River from 

Poyang Lake.  

2.3 Digital Elevation Models and Rate of Sand 

Dredging 

One digital elevation model (DEM) of the Poyang 

Lake region was interpolated from 1:25 000 

topographic maps with 1-m contour interval produced 

by Changjiang water resources commission during 

1952-1953. Another DEM with a scale of 1:10,000 

was produced by Jiangxi Provincial administration of 

Surveying, Mapping and Geoinfomation in 2010. The 

two Dems were all geometrically rectified to WGS84 

datum with Universal Transverse Mercatol (UTM) 

projection and resampled as 30-m spatial resolution. 
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The sand mining region characterized by the 

distribution of dredging vessels was used as a mask to 

estimate the dredged sand volume during 2001-2010 

by overlaying the two DEMs with the function of cut 

hill supported by ArcGIS software 10.0. Considering 

the possible errors in the two DEMs, only these pixels 

with the elevation difference greater than 1 meter 

between the two DEMs were considered as sand 

dredging region. Furthermore, the topographical 

change was possibly caused by excavating to build 

levees in the activities of farmland reclamation before 

1998. So it is absolutely necessary to combine the 

distribution of dredging vessels when estimating the 

storage capacity change caused by sand dredging 

(volume of dredged sand) during 2001-2010.  

 

3. RESULT  

3.1 Morphologic changes in Poyang Lake basin 

This morphologic change in Poyang Lake was 

caused by deposit of sediment loaded from the 

mentioned five tributaries in Poyang Lake watershed, 

building levees in activities of reclaiming land from 

lakes before 1998 and sand mining after 2001 

synthetically. With the operation of subtracting with 

the two DEMs acquired in 1952 and 2010 (Fig. 2), it 

showed that (1) sediment deposit was mainly 

distributed in the delta of Gan River, Songmen 

Mountain and Eastern of Zhu Lake in the past 60 

years. Most of the deposit area was located at the 

connection of lake and river; (2) the erosion area 

caused by sand dredging was mainly located in the 

northern channel connecting lake and Yangtze River 

(Fig. 3). The practice of sand dredging caused severe 

man-made erosion and the elevation was lowed more 

than 10 meters in some of sand mining region. It is 

possible that the area with slight erosion located in 

these inner-lakes such as Banghu Lake and Zhuhu 

Lake were caused by levees building before 1998 or 

DEM errors. 

3.2 Distribution of Dredging Vessels and 

magnitude of sand excavation  

Dredging vessels were identified from the infrared 

band of Landsat images acquired in flooding season 

 

 

for every year during 2000-2010 (Fig. 4). Only nine 

dredging vessels were counted in 2000. But the 

number of vessels increased dramatically in 2001. 

And the vessels were mainly assembled at the channel 

connecting to Yangtze River and the channel 

connecting north branch of Ganjiang River with 
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Poyang Lake before 2006. The activity of dredging 

sand enlarged southward after 2007. Number of 

vessels showed an increasing trend before 2007and 

decreased sharply in 2008 and 2009. Lured by high 

profits from housing and construction, vessels 

increased again in 2010 and 2011. 

The area of sand dredging was estimated as 

260.4 km2 and the volume of sand dredged from 

Poyang Lake was about 1.99 × 109 m3
 during 

2000~2010 with the map of morphologic change and 

distribution of vessels detected from Landsat images,. 

Poyang Lake holds about 20 km3 when water level 

rise to 18 meters above mean sea level relative to the 

National Vertical Datum of China [NVDC]  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

established in 1985 according the relationship 

between water level and water capacity (Jiangxi 

Provincial Academy of Sciences et al., 1993). It 

means that the capacity of Poyang lake was increased 

about 10% by sand dredging during 2000~2010. 

Assuming sediment bulk density of 1.23 t m-3(Li et al., 

2011), about 2448 Mt sand was dredged out for 

building industry. It was also estimated that the 

dredged sand was about 230~290Mt yearly during 

2005~2007 according the data from Department of 

maritime affairs, Port and Shipping (Chen, 2009). It 

means that the magnitude of sand dredged out during 

2001~2010 is about 10 times of the sediment budget 

during 1955~2010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Distribution of dredging vessels detected from Landsat image during 2000-2010 

 (Note: The red dot was used as legend for vessel) 
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3.3 Hydrological Regime Changes Triggered by 

Sand Dredging 

The practice of sand dredging had also changed 

the hydrological regime of Poyang Lake dramatically. 

Firstly, it changed the water surface extent when in 

lower water level. From Fig. 7, though the imagery 

acquired on Jan. 31st 1993 (the corresponding water 

level in Xingzi gauging station was about 6.8m) 

reflected a higher water level than the imagery 

acquired on Feb.12th, 2009 (water level is about 5.8m), 

some of the watercourse in the northern channel was 

enlarged by more than 1km when in low lake level 

(Fig.5). Some watercourse was reshaped chaotically 

by the discarded coarse sand (Fig.5d). 

Secondly, the water flashed into Yangtze was 

muddied by the practice of sand dredging. From Fig.6, 

it revealed that water turbidity in Poyang Lake was 

dramatically increased after 2001. Though the vessels 

have not decreased, the water turbidity decreased 

mostly because some of the detected vessels from 

Landsat images were only berthed in the lake but not 

in sand dredging practice and also because the sand 

dredging practice moved southward after 2007. It was 

argued that the muddied water would do some direct 

or indirect effects on the survival of rare or 

endangered species. And the increased sediment 

output to Yangtze can also do some effects on the 

river morphology of middle and lower Yangtze River. 

Thirdly and not lastly, the enlarged watercourse 

has caused the water discharge more quickly. It was 

reported that drought happened in Poyang Lake more 

frequently in these recent autumns or winters. And the 

decline in Poyang Lake was attributed to changes of 

precipitation (Zhang et al., 2011) or weakened 

blocking effect of the Yangtze River (Liu et al., 2013). 

But from figure 7, we noticed that the rate of water 

discharge from Poyang Lake to Yangtze was greater 

after 2001 obviously. It could be partly attributed to 

the enlarged and deepened watercourse that changed 

streamflow from Poyang Lake to Yangtze. It should 

be considered as an important factor to interpret the 

decline of Poyang Lake in recent years. 

 

4. CONCLUSION 

In this study, several Landsat images were used 

to detect sand vessels and analysis the practice of sand 

dredging in Poyang Lake. The morphologic change 

caused by sand dredging in Poyang Lake was also 

analysed. It revealed that: (1) vessels for sand 

dredging are mainly distributed in the north of Poyang 

Lake before 2008, but the dredging area was enlarged 

to the central region and even to Gan River; (2) sand 

dredging area reached to about 260.4 km2 and is 

mainly distributed in the north of Songmen Mountain 

and has been enlarged to central of Poyang Lake from 

the distribution of sand vessels since 2007. Sand 

dredged from Poyang Lake was about 1.99×109m3 or 

2, 448 Mt assuming sediment bulk density of 1.23 t 

m-3; (3) Sand dredging in Poyang Lake has alternated 

the lake capacity, enlarged and deepened the 

discharge watercourse, and played an important role 

in the recent decline of Poyang Lake. This study is 

useful to understand the change of hydrological 

system, especially the drying up trend in Poyang Lake 

in recent autumns and winters. 
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