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a b s t r a c t

The impact of human activities on river discharge has become a worldwide issue due to rapid develop-
ments. In recent years, water abstraction along the lower Yangtze River downstream from Datong has
received much attention due to the increase of salt intrusion in the estuary. This study has been con-
ducted to estimate the water abstraction and drainage along the lower Yangtze River for the critical per-
iod between September and April, identify their spatial differences and temporal variations, and analyze
their impact on water discharge into the estuary. The results show that the drainage is dominant in the
upper portion, and does not follow any obvious pattern. However, the water abstraction mainly occurs in
the lower portion, and follows set patterns in daily variation according to the tidal situation and the sea-
sonal variation corresponding with the water demands. They have both increased in recent similar hydro-
logical years due to rapid developments. The water abstraction decreases the discharge into the estuary
in dry years or dry periods, most dramatically during spring tide. The highest impact occurs between Jan-
uary and March of a dry year. After the commissioning of the Three Gorges Reservoir (TGR), this impact
increased in October and November due to its filling, more so when a drought occurs in the upper and
middle basin. However, the reverse applies between January and April owing to the increase of its out-
flow. In the future, the water abstraction will continue to increase in the same hydrological years, possi-
bly increasing problems with salt intrusion in the Yangtze Estuary.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Due to economic development and population growth, and ulti-
mately the rising demand for water resources, the water discharge
of many rivers worldwide has changed as a result of damming and
water abstraction. These anthropogenic disturbances are the main
factors inducing the decrease in water discharge of many rivers
such as the Indus, Rio Bravo/Rio Grande, Krishna, Ganges, Syr-Dar-
ya, Amu-Darya, Colorado, Nile, and the Yellow Rivers (Goudie,
2000; Johnson et al., 2001; Cohen and Henges-Jeck, 2001; Gleick,
2003; Mirza, 2004; Milly et al., 2005; Wang et al., 2006a; Milliman
et al., 2008; Kundzewicz et al., 2009; Ludwig et al., 2009), which
may result in severe side-effects and the degradation of the envi-
ronment and ecosystem in deltas.

The lower Yangtze River downstream from Datong flows
through Anhui and Jiangsu provinces before entering the estuary
at Xuliujing (Fig. 1). Datong is the last permanent hydrometric sta-
tion with long discharge records in the main Yangtze River, located
at the tidal limit of the Yangtze Estuary. Downstream from this

point, there is no large tributary, and the discharge is difficult to
observe owing to the tidal influence. Thus, the discharge at Datong
is commonly regarded as the discharge into the estuary. However,
Datong is situated approximately over 500 km away from the estu-
ary, and the region along the lower Yangtze River is one of the most
developed areas in China, containing 9 cities and 13 counties with
much water consumption. The water level in this reach is under
the influence of the tide, which provides favourable conditions
for water transfer from the Yangtze River to its tributaries during
flood tide. Since the 1950s, many sluices and pumping stations
have been constructed at the mouth of these tributaries to control
water abstraction and drainage, particularly in Jiangsu province.
Due to rapid economic development, the demand for water re-
sources has increased greatly in recent years. Currently, not only
irrigation water but also domestic water and industrial water are
extracted from the Yangtze River in all of these cities and counties.
Because of serious pollution in the tributaries much water is ab-
stracted for improving water quality as well. In addition, the
Northern and Eastern Jiangsu in the Huaihe River basin and the
Taihu Lake also get water from the Yangtze by water transfer pro-
jects. The present facilities for water abstraction in this region are
more than 300 in number. These interventions have become the
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most important reason for changes in the discharge regime of the
lower Yangtze River.

The Yangtze River, the largest river in China, discharges a huge
volume of water from the upper and middle reach, with a mean an-
nual discharge of approximately 28,310 m3/s at Datong (Fig. 2A).
However its discharge shows large seasonal and annual variation
(Fig. 2B). The mean monthly discharge between 1950 and 2009
was on average 16,600 m3/s during the dry season (from Novem-
ber to April) and 39,800 m3/s during the flood season, with its min-
imum of 11,100 m3/s in January and its maximum of 49,700 m3/s
in July. The recorded monthly mean and daily discharge ranges

from 6730 m3/s (February 1963) to 84,200 m3/s (August 1954),
and from 4620 m3/s (on 31 January 1979) to 92,600 m3/s (on 1 Au-
gust 1954), respectively. Additionally, affected by human activities
and climate change in recent years, it is anticipated that the dis-
charge during the flood season could also decrease substantially.
For example, in September and October 2006 and October 2009
the monthly mean discharge was only 18,900 m3/s, 15,000 m3/s,
and 17,400 m3/s respectively, which became the historical minima
for these months in 2006 and was close to the minimum in 2009,
with values similar to the dry season discharge (Fig. 2B). Besides
the droughts occurred in the upper and middle basin, particularly

Fig. 1. The lower Yangtze River basin downstream from Datong (the large and middle sluices and pumping stations are shown).

Fig. 2. Water discharge at Datong hydrometric station.
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