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Abstract

Aim : Review of the new research on medium- and large-sized rivers in China and its impact to develop more rational management strategies for
medium-and large-sizedrivers.

Methodology : Papers onrivers-related research in China published over the
past 15 years (2004-2018) were summarised through statistical analyses.
The main topics, data sources and contributions were also summarised, and
representative papers were presented to illustrate milestones and
contributions.

Results : The management strategies of medium- and large-sized rivers
shifted remarkably from traditional agricultural utilisation of floods and water
resources to ecological protection. Water resources and pollution,
conservancy projects and flooding and droughts were the four most focused
research areas.

Interpretation : Chinese economy significantly contributed to the change in
river management strategies over the last two decades.
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Introduction

There are more than 22,000 rivers with a basin area of
more than 100 sqg. km and 2,221 with a basin area of more than
1000 sq. km in China. The quality and quantity of water in rivers
and the related channel management systems play a vital role in
maintaining the urban socio-economic development (Yang et al.,
2019). Economy development, urban expansion, and pollution
intensification have motivated the research on Chinese rivers and
their study as abundant water resources. Despite great economic
development support, huge issues such as flooding, draughts,
pollution and biodiversity degradation still have to be addressed
(Han et al., 2016; Wang et al., 2017). In general, the Chinese
government has made great achievements in river management,
mainly in terms of flooding, drought, agricultural irrigation and
pollution control. Dikes, reservoirs, channel dredging, flood
detention and non-engineering measures, including forecasting,
dispatching, detention area management and emergency relief
and flood control systems, have been developed, and frequent
floods have been under control (Lai and Wang, 2017).

However, problems related to water resources,
including in homogeneous distribution, water pollution, water
scarcity and aquatic ecosystem degradation, are significantly
limiting the sustainable development of some rivers (Chang et
al., 2016; Li et al., 2018; Yang et al., 2019). Additionally,
sediment erosion from both basin and channels also introduces
many problems to flooding control, water conservancy and
hydropower projects management (Li et al., 2014).
Approximately, 20 papers are published annually on three
Gorgesdam (TGD), covering topics such as flooding control
and management (Lai and Wang, 2017), water quality (Wang et
al, 2018), water resources (Deng et al., 2016), sediment
erosion, and wetlands evolution (Han et al., 2018). The south-
to-north water diversion (SNWD) project was applied to
decrease the risk of scarcity of water resources for domestic,
agricultural, industrial and ecological purposes in the north
using transferred river flow, reclaimed water and rain water
resources (Proje, 2016; Zhao et al., 2015).

Furthermore, research has also been published on the
safety of drinking water in rural areas (Cai and Liu, 2011),
reconstruction of large irrigation areas (Chen et al., 2014), water-
saving technologies (Blanke et al., 2007), treatment of small- and
medium-sized rivers, construction and reinforcement of small and
medium-sized reservoirs, soil and water conservation (Li et al.,
2014), water environment and ecology protection, water
resources management systems (Sha et al., 2012) and sponge
city construction (Shao et al., 2016). However, problems of river
flooding, water pollution (Han et al., 2016, 2018; Li et al., 2016 ),
biodiversity and aquatic environment degradation, urban water
logging (Lin et al., 2018), and water resources scarcity (Wang ef
al., 2017) are becoming more serious than ever due to inefficient
environment management, unfettered expansion of urban areas,
and climate change. Although flood prevention systems have
been greatly improved, the current research is mainly focused on

hydrological forecasting and hydrological project construction.
Meanwhile, the increasing soil erosion, shrinking river bed
habitats and in-channel sand, and gravel excavation have caused
higher flood water levels and elevation of embankments (Fang et
al, 2017). The scarcity and inefficient utilisation of water
resources has also caused a series of problems, such as lakes
drying, rivers disconnection, ground water over exploitation and
ecology deterioration (Long and Pijanowski, 2017). Despite
China's industrialization and achievements, serious
environmental pollution and ecological deterioration have
attracted great attention from all over the world (Han et al., 2016;
Wang et al., 2018). In addition, many projects are addressing
other problems including aging, lower economic benefits and lack
of efficient management strategies.

However, a review on the progress of Chinese rivers
management-related research is still missing. Extensive
research has been conducted on pollutant transport (Ji et al.,
2007; Ji et al., 2012), hydraulic systems engineering (Chen et al.,
2013) and environmental pollution monitoring in rivers and lakes
(Jietal, 2010; Lu et al., 2010). In recent years, more ecosystem
indicators, including fish and benthonic organisms (Dong et al.,
2019), vegetables (Ji et al., 2018), and paddy rice (Ji et al., 2017),
have been chosen to evaluate the environmental behaviour of
pollutants (Zhang etal., 2018 a; Zhang et al., 2018 b and the aquatic
ecological risk in fresh lakes and their upstream rivers under
hydrodynamic interaction (Ji et al., 2014; Ji et al., 2017 (a); Ji et al.,
2017 (b)). Inthis review, we have focused on case studies, data, and
topics from published papers and compare river-related research in
China and developing countries to better understand the topics.
Meanwhile, the most prominent research fields were presented by
representative examples to clarify whether these areas were
suitable for future Chinese river management strategies.

As shown in Table 1, based on the number of river
management-related articles, it can be concluded that water
resources and scarcity, water pollution, monitoring, conservancy
project construction, groundwater, flooding issues, and aquatic
ecology are still important issues in most developing countries. In
this study, Origin 9.0 (OriginLab, Massachusetts, USA) and
Microsoft Excel 2010 were used to perform a statistical analysis of
the data. Origin 9.0 was also used to draw graphs.

Results and Discussion

Chinese Water Resources-Related Research: As presented in
Table 1, the number of articles on river management-related
articles in China is far higher than in other developing countries.
Based on the frequency of keywords and consultation with
experts from the Chinese Central Environment Protection
Agency, the most valued research areas in China are water
resources, water pollution, conservancy projects, and flooding
and drought research. On comparing the research fields
considered in China and in other developing countries, it is clear
that water pollution received increasingly higher attention in
China in recent decades, which is slightly different than in other
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developing countries. During past several decades, the economic
development along with rapid industrialization in China has
boosted the economy and caused higher pollution of water
bodies, which has led to serious environmental degradation along
the main rivers and fresh lakes (Hu and Cheng, 2013). Limited
sewage treatment capacity, lower treatment standards, overuse
of pesticides and fertilizers, and excessive pursuit of rapid
economic development have created risk to water safety and
aquatic ecology than ever before (Huand Cheng, 2013).

Issues related to Chinese water resources are the main
focus of river management articles, similar to the research in
other emerging economies, as listed in Table 1. Since late 1970s,
the mainland China has been experiencing a rapid economic and
social developmentwith a population of approximately 1.37 billionin
2010, which has caused a dramatic increase in the water demand
(Chen et al., 2013). Furthermore, the mainland China has a vast
land area crossing several different geographic regions, resulting in
significant spatial and temporal variations in the precipitations.
Seventy percent of total water consumption in China is for
agriculture (Geng etal., 2019).

Low efficiency of industrial processes and discharge of
sewage into rivers and lakes without treatment has further
exacerbated the shortage of water resources (Yao et al., 2018). For
past 10 years, the Chinese government has implemented a unified
management of water resources in the management system (Li et
al, 2018). It has also strictly limited the exploitation of water
resources, increased their sustainability, reduced expenditure, and
balanced supply and demand. At the same time, a reasonable
compensation mechanism for lack of water resources was
established to protect the interests of farmers in upstream areas
and the areas with scarce water resources (An etal., 2018).

Owing to global warming, sea level rising in, and water
recycling, increasingly more researchers have been focused on
the climate change and their effect on water resources (Zhang et
al., 2015; Xia et al., 2017). Human activities and climate change
have caused observable changes in the water cycle, including,
precipitation quantity, intensity and distribution characteristics
(Zhang et al., 2015), which ultimately alter the water resources
distribution and socio-economic development (Chahine, 1992).
In addition, the land usage, deforestation, water resource
utilisation, agricultural activities and urbanisation directly affect
the runoff generation, evaporation and infiltration. As China is a

Table 1: Numbers of river-management related articles of hotspot

developing country with the largest population in the world, the
central and local Chinese governments have paid much attention
to the research on climate change and its effect on the water
resources (Zhang et al., 2015; Zhu et al., 2016).

Chinese Water Pollution-Related Research: Based on the
published data, more than 11,000 water supply-related
emergencies have been reported since 1995. A recent case was
reported in Lanzhou, where the city water supply system was
temporarily shutdown owing to contamination caused by
benzene from a nearby petrochemical facility (Yan, 2015).
Furthermore, according to the data released by the Ministry of
Land and Resources, the State Oceanic Administration, and the
Ministry of Environmental Protection, China was facing severe
water scarcity and pollution crises, which seriously put the socio-
economic development at higher risk and reduce the country’s
sustainability (Gleick, 2009). Despite some improvements in
drinking water accessibility as reported in recently released
documents, it is estimated that more than 200 million residents,
especially in the country side, are still facing scarcity of clear and
safe drinking water. Since 2006, the National Water Pollution
Control and Treatment was set as one of the 16 major projects by
the Chinese Central Government, which aimed at water pollution
control and management and provided strong scientific and
technological support. In 2015, the Chinese Central Government
released the Water Pollution Prevention and Control Action Plan
(“10-Point Water Plan”), which aimed at tackling groundwater and
surface water pollution (Gleick, 2009; Shapiro, 2012).

According to the Environmental Quality Standard of
Surface Water of China, more than 80% of rivers, lakes, and
reservoirs have been polluted or have lost their ecological
function. Generally, chemical and biological oxygen, nitrite, and
ammonia-N are the most frequently used indicators that exceed
standard levels by the highest amounts (World Bank, 2006). In
recent years, the rapid development of mining and heavy metal
processing industries and other industrial and urban sources of
pollution have contributed to higher concentration of heavy
metals in rivers, tributaries, mainstreams and lakes (Han et al.,
2017; Sun et al., 2018; Tang et al., 2018). Owing to their potential
toxicity and ecotoxicity, the rivers contamination by heavy metals
has led to serious effects on the local public health and the
environment. China has implemented a national heavy metal
treatment and control plan to achieve a satisfactory heavy metal
contamination reduction (Han etal., 2017; Liu et al., 2018; Zhao et

Research area China India Pakistan  Bangladesh Indonesia  Brazil Mexico Russia South Africa
Water resources 2620 712 130 160 86 432 336 66 432

Water pollution 1454 308 23 47 46 186 142 48 154
Conservancy project 1007 290 4 88 54 162 168 42 167

Flooding and drought 642 222 40 80 33 119 150 15 88

Risk assessment 613 80 21 27 21 57 47 18 40
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Table 2: China river-related management theory application, theory building and research findings

Research areas

Theories or approaches
application

Theories or approaches
building

Finding or China river-related
management

Water resources

Water pollution

Monitoring

@ Improved water use efficiency
model cooperated with vapor
pressure deficit was proposed for
water resources conservation in the
Heihe River Basin, northwestern
China (Zhou etal., 2018).

@ Hydrological modeling approach
proposed by MIKE HYDRO model
was applied to resolve water
resources allocation issues among
different users in a large basin scale
along the oasis of Tarim River in
Northwest China (Yu etal., 2017).

@ Improved model was applied to
predict nitrogen loads as well as the
anthropogenic sources of nitrogen in
watershed (Huetal., 2018).

@ Well established SWAT model
coupled with heavy metal transport
and transformation module was
successfully applied to simulate the
transport of metals (Meng et al.,
2018).

# Integrated environmental decision
support system combined simulation
models and visualization system was
applied in watershed scale (Zhang et
al., 2015).

@ Investigation combined with
principal component analysis-
multiple linear regression model was
applied to identify the distribution,
source and risk of pharmaceutically
active compounds (Lin et al., 2018).
® Satellite altimetry data was used
to monitor water levels of the Great
Brahmaputra River sourced from the
Tibetan Plateau (Huang etal., 2018).
@ Matter element analysis combined
with numerical water quality model
was used to resolve the temporal and
spatial variations of the water quality
for pollution control and sustainable
management (Chenet al., 2012).

@ An improved habitat model was
used as an intermediate step to
evaluate the impact of water
conservancy projects on fish

#® Integrated model derived from
interval parameter programming and
two stages stochastic programming
framework was developed for
agricultural irrigation planning in the
Zhangweinan river watershed (Li et
al., 2010).

@ Integrated method incorporated
from interval mathematical
programming, scenario analysis and
two phase fuzzy programming was
developed for water resources
planning in a wetland ecosystem (Lv
etal., 2013).

@ Athree layer model in cooperated
crop irrigation scheduling, crops
water resources allocation and
regional water resources allocation
was applied in Yangling region,
Plateau, China (Shangguan et al.,
2002).

®integrated water quality
monitoring and management system
combined sensor data, virtual
technique and artificial neural
technology was applied in Liming
Riverbasin (Yang et al., 2008).

@ Mechanistic model of water quality
was established and linked to the
Water Quality Analysis Simulation
Program at the first time to support
total maximum daily load in Taihu
Lake Basin (Wang et al., 2015).

@ This presented a rehabilitation
framework integrated fish habitat and
new weighting calculation method to
identify high-priority habitat factors
(Zhaoetal., 2015).

@ An eco-hydrodynamic model was
established by coupling fish habitat
module and hydrodynamic model to
simulate and evaluate the effect of

@ This paper revealed the water
scarcity in northern river basins and
potential result for irrigation areas
reduction and food production fall
(Wangetal., 2017)

@ This research revealed the
relationship between urbanization
and pollutants discharge, aquatic
ecosystem as well as water
environment system in the Songhua
Riverbasin (YuandLu, 2018).

@ This paper summarized the
pollution situation in rural, China,
assessed the pollution economy cost
and mentioned the reasons the
implementation gap for
environmental protection laws (Wang
etal., 2008).

® Adverse impacts of conservancy
projects including fish migration,
migration, ecological system,
ecological base flow, fish habitat
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Conservancy project

habitats. (Wang etal., 2017)

® A self-adaptive GA-aided multi-
objective ecological reservoir
operation model was applied in the
Xiangxi River watershed for water
quality management (Hu et al,
2014).

@ Integrated hydrological hydraulic
model with SRTM DEM data verified
by hydraulic correction method
applied in Huifa River Watershed to
simulate an extreme flood event
(Chenetal., 2018).

® Site specific methodology

Three Gorges Reservoir on fish
habitats characteristics (Zhou et al.,
2014).

®ntegrated storm water
management system combined by
storm water collection, storage,
reuse and treatment was
implemented in Jinan City to resolve
waterlogging, pollution and aquatic
system (Yang and Cui, 2012).

protection and restoration were
summarized in China over the past
several decades (Chenetal., 2016).

@ This paper summary the
development of flooding control in
China from the early flood control
approach relied largely on structural
interventions to flood risk
management approach (Liu, 2016).

Flooding and drought  combined flooding control and social
development was applied in
Mengwa, Huai he River Watershed to
identify the potential wetlands
construction sites and assesses the
flood retention benefits (Zhang and

Song,2014).

al., 2018). Furthermore, organic compounds have drawn
worldwide attention for their effects on carcinogenesis,
teratogenicity and mutagenicity. The Yangtze River, Yellow River,
Pearl River, Songhua River, Haihe Rivern, Huaihe River, Liaohe
River, Weihe River and Fenhe River have been seriously polluted
by organic compounds, especially polycyclic aromatic
hydrocarbons, polychlorinated biphenyls, organ chlorine
pesticides, pharmaceuticals, and other semi-volatile organic
compounds (Meng etal., 2017; Yan etal., 2018).

Chinese Conservancy Projects-Related Research

Large-sized dams, water diversion, hydropower
generation, and reservoir capacity have been continuously
enhanced in the past three decades (Liu et al., 2013). There is no
doubt that these water conservancy projects have significantly
supported the Chinese economic development and food security
and have also contributed significantly to the floods control, clean
energy generation and amount of available water (Const, 2015).
Today, China has approximately half of the world’s dams, 20% of the
world's hydropower plants and 21% of the world’s irrigated farm
lands. The TGD and south-to-north water transfer (SNWT) projects
have received worldwide attention for their large scale investment
and impact (Morgan et al, 2012). However, these large water
conservancy projects have also introduced many problems,
including soil and river erosion (Huang et al., 2018), environment
impacts (Tang etal., 2018) and resettiement of large population.

Accordingly, much research has focused on the impacts of
water conservancy projects on the environment and ecology and
proposed different measures to alleviate these adverse effects (Han
et al,, 2018; Tang et al., 2018). Some aspects of the conservancy
projects have received particular attention. These include the

impact of TGD on ecological processes and biodiversity (Huang ef
al., 2018; Tang et al., 2018); the ecological and environmental
effects of SNWT project (Tang et al., 2014; Tang et al., 2016); and
the negative effects of dam construction on the complexity of
suspended sediment dynamics and river discharge in the Yangtze
River (Wang et al., 2018), the Yellow River (Wang et al., 2017), and
the Pearl River (Dai et al, 2009). However, Chinese Water
Conservancy projects have to consider some trade-offs, and the
Chinese government is making efforts to balance the needs of
humans and nature. The experience of China can also provide
valuable information for other developing countries.

Chinese Flooding and Drought-Related Research

Owing to uneven temporal distribution of rainfall, most of
the Chinese rivers have experienced heavy floods with a
frequency of approximately one in 10 years, which has caused
disastersin flooded areas (Wang and Liu, 2018). The Yellow River
has experienced more than 1500 levee bursts, which has claimed
millions of human lives (Wang and Liu, 2018). The Zhengzhou
region has been avulsed 26 times, resulting in numerous old
channels and devastating calamities (Wang and Liu, 2018). In
1998, some major rivers, including the Yangtze River Basin and
the Minjiang River, experienced catastrophic floods
simultaneously, which had a serious impact on the economic and
social development (Liu et al., 2018). Today, more than half of the
cultivated land, population, main cities, food products,
commodities, and economies are located in the middle and
downstream parts of major rivers, which are threatened by
flooding (Wang et al., 2016).

To control floods, in the past half century more than 85000
reservoirs with a total capacity of 518.36 billion sq.m have been
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Fig. 1: Annual number for China river-related different type articlesfrom 2004 to 2018.

built. In addition, non-engineering measures, such as
hydrological forecasting, communication and remote monitoring
and flood control systems have also been beneficial in defence
against floods (Wang et al., 2016). As one of the non-engineering
measures of flooding control, the hydrological information
transmission, including data collection, processing, and
distribution, has also helped to tackle flooding (Ji et al., 2012).
However, these non-engineering measures for flooding control of
small and medium rivers are lagging behind and their ability to
prevent floods is reducing, which is causing many casualties due
to frequent occurrence of mountain torrents disasters. The urban
flooding control is a prominent issue, and the construction of non-
engineering measures for flood control is imperfect (Lo et al.,
2015; Su et al, 2018). For a long time, the third step
geomorphology and monsoon climate have caused droughts in
China (Zhou et al., 2017). Over the last 60 years or so, droughts
have posed a serious threat to the China's grain production (Wang
etal., 2018; Zhang et al., 2018). At the same time, urban droughts
and water ecological degradation are also increasingly prominent
(Zhang et al., 2018). From 2003, drought disaster management
systems have began to change from single agricultural and
negative drought resistance to comprehensive and active drought
resistance, respectively (Watts, 2011).

Fig. 1 shows eight different types of Chinese rivers-
related articles that were reviewed in this study. Among them,
the number of research papers using data from surveys, field
studies, and government investigations increased from a few in
2004 to almost half a thousand in 2018, which accounted for
more than 80% of all articles. Meanwhile, the number of review
papers and short communications through summarizing the
findings of others and the official reports also increased steadily
from 01in 2004 to approximately 50in 2018. Itis worth noting that

the experimental method, which is usually accepted in physical
and chemical research, has been used widely and has become
increasingly prominent in Chinese rivers management-related
studies (Zhang et al., 2018).

Paper tried to distinguish the nationality of the authors
that focused on the Chinese rivers management-related
research. The statistical results indicated that the articles from
Chinese authors accounted for approximately 90% of the total
articles. The main reason was that data from the public services of
the Chinese government, such as the Hydrology Bureau, the
Wetland Administration, and the Environmental Protection
Agency, were difficult to obtain. Although the survey method was
mostly applied in Chinese rivers management-related research,
in majority of these studies the data were usually collected from
one respondent in one department rather than from multiple
sources or using longitudinal data. Therefore, the findings of some
studies have been questioned, and their results have not been
accepted completely. Furthermore, for international researchers
dedicated to Chinese rivers management-related research, there
are lots of obstacles in utilising secondary data from Chinese
organizations for social system reasons. Therefore, although there
has been a prominent increase in secondary data used in Chinese
rivers management-related research from 2004 to 2018, this
methodology is still not widely used compared with other
methodologies.

Contributions

Based on the articles’ contributions, we divided the
Chinese rivers management-related papers into three broad
categories: DIE, containing papers that focus on description,
introduction, or explanation of river managementissues in China;
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Fig. 2: Percentage of research contribution from 2004 to 2018.

NAF, containing papers that establish new approaches or
frameworks to solve river management issues in China; and ATA,
containing papers that apply theories or approaches to Chinese
rivers management-related issues. As shown in Fig. 2, the
number of DIE articles decreased from 50% in 2004 to less than
25% in 2018. In contrast, the number of NAF articles increased
from 25.9% to more than 53.7% in the same period. The ATA
articles remained relatively stable at 20%.

In Table 2, we listed some examples of articles on the
main research fields, which accounted for more than 10% of all
articles, to illustrate different types of contributions that benefited
the researchers. In the field of water pollution, increasingly more
attention has been paid to the problems of pollutant sources and
pollutant migration processes. To effectively solve the
randomness of pollution sources and uncertainty of observation
points, mathematical models have been used to simulate the
formation, migration and transformation of various pollution
sources (Yang et al., 2008; Wang et al., 2015; Hu et al., 2018).
Combined with advanced technologies, such as SWAT model
(Meng et al., 2018), visualization systems (Zhang et al., 2015),
and sensor data (Yang et al., 2008), mathematical models can
also provide effective technical means for the quantification of
pollution source control and management. In response to flooding
and droughts, the construction and management of flood control
facilities are strengthened continuously and flooding and drought
emergency response mechanisms are continuously established
(Liu, 2016). Based on hydrology physics theories and big data,
hydrologic simulation and prediction technologies and flood
forecasting and dispatching systems have been applied
successfully and widely, providing a powerful method for flooding
prediction and water resources planning (Yang and Cui, 2012;

year

Zhang and Song, 2014).

In recent decades, China has made remarkable
achievements in the field of water resources development,
utilisation, allocation, conservation, protection and management,
legislation, and system and technology development. Due to
large scale and complex construction and numerous influencing
factors, the research on modelling and simulation of water
resources systems has become a hot spot in this field (Li et al.,
2010; Lv et al, 2013; Zhou et al, 2018). Object-oriented
technologies and geographic information system (GIS)
technologies have been gradually applied in watershed water
resources simulation (Yu et al., 2017). Water resources decision
systems contain increasingly more independent but interrelated
professional modules, thus forming a complex model system
(Shangguan et al., 2002). Massive water conservancy projects
have brought tremendous social and economic benefits as well as
adverse impacts on the environment and society (Zhou et al., 2014;
Chen et al., 2016; Wang et al., 2017). As a major flooding control
measure, integration of dams, reservoirs and dikes (Hu et al., 2014)
have been connected and applied by the Chinese government.
However, the environmental and ecological challenges posed by
conservancy projects, such as changing the river temporal pattern
and reducing downstream sediment fluxes have attracted wide
attention (Yang et al,, 2011). Biodiversity degradation caused by
flow manipulation, inundation and habitat fragmentation also make
water conservancy more widely debated and researched.

Suggestions and future research directions
The establishment of modern water resources

management systems require more reasonable laws and
regulations for the water resources development and utilisation

¢ Journal of Environmental Biology, January 2020 ¢



20 Y. Ji et al.: River management strategies

and the river water quality improvement in watershed scale. The
effects of pollutants on aquatic organisms and short- and long-
term effects of pollutants on human body through food chain and
drinking water should also be included in the model simulation
scope. With the development of big data computing ability, space
remote sensing technology and GIS technology, integrated
models are of pollutants one of the development directions to
reduce the source in the watershed. Decision support systems
combined with multiple technologies will become the
development trend of water pollution model research in the
future, which is suitable for many types of climate, hydrological
conditions and pollutants. By combining pollution
hydrodynamic, ecological, and eutrophication models with
agricultural input and income assessment criteria, a multi-
objective management optimization model could be
established and used in scientific decision-making for the whole
society to promote the sustainable development of whole
watershed. Furthermore, multiple data collection methods,
such as field surveys, longitudinal data, and observation and
information collection can make the results more meaningful.

Acknowledgments

This study was supported by National Natural Science
Foundation of China (51469017; 51579127; 51769015;
51879128), Jiangxi Provincial Technology Department
(20142BAB213024; 20142BBF60012; 20171ACB21050) and
Open Foundation of JiangXi Engineering Research Center of
Water Engineering Safety and Resources Efficient Utilization
(OF201608).

References

An, X., H. Li, L. Wang, Z. Wang, J. Ding and Y. Cao: Compensation
mechanism for urban water environment treatment PPP project in
China. J. Clean Prod., 201, 246-253 (2018).

Blanke, A., S. Rozelle, B. Lohmar, J.X. Wang and J.K. Huang: Water
saving technology and saving water in China. Agr. Water Manage.,
87,139-150(2007).

Cai, Y.B. and P. Liu: The pricing mechanism for safety drinking water
supply inrural area. Energy Procedia, 5, 1467-1472 (2011).

Chahine, M.T.: The hydrological cycle and its influence on climate.
Nature, 359, 373-380(1992).

Chang, N. N., J.C.Shiao and G.C. Gong: Diversity of demersal fish in the
East China Sea: Implication of eutrophication and fishery. Cont.
ShelfRes., 47,42-54 (2012).

Chen, A., M. Wu, K.Q. Chen, Z.Y. Sun, C. Shen and P.Y. Wang: Main
issues in research and practice of environmental protection for
water conservancy and hydropower projects in China. Water Sci.
Eng.,9,312-323(2016).

Chen, C.J. Li, P. Chen, R. Ding, P. Zhang and X. Li: Occurrence of
antibiotics and antibiotic resistances in soils from wastewater
irrigation areas in Beijing and Tianjin, China. Environ. Pollut., 193,
94-101(2014).

Chen, H.L., Q.H. Liang, Y. Liuand S.G. Xie: Hydraulic correction method
(HCM) to enhance the efficiency of SRTM DEM in flood modeling.
J. Hydrol., 559,56-70 (2018).

Chen, J., J. Niu and L. Sun: 5.13-Water Resources of Mainland China.
Climate Vulnerability, 134, 195-211(2013).

Chen, J., J. Zhang, X. Ma, S. Guan and Y. Ji: Numerical simulation
research on different river closure construction schemes of
Xiajiang hydro-junction on Ganjiang River, Yangtze River, 44, 42-
45(2013).

Chen, Q., W. Wu, K. Blanckaert, J. Ma and G. Huang: Optimization of
water quality monitoring network in a large river by combining
measurements, a numerical model and matter-element analyses.
J. Environ. Manage.,110,1 16-124 (2012).

ConstEOOGP.: The Three Gorges Project. Eng., 1,011-013 (2015).

Dai, S.B., S.L. Yang and A.M. Cai: Impacts of dams on the sediment flux
ofthe Pearl River, Southern China. Catena, 76, 36-43 (2009).
Deng, K., S.Y. Yang, E.G. Lian, C. Li, C.F. Yang and H.L. Wei: Three
Gorges Dam alters the Changjiang (Yangtze) river water cycle in
the dry seasons: Evidence from H-O isotopes. Sci. Total Environ.,

562,89-97(2016).

Dong, HK., GH. Lu, ZH. Yan, J.C. Liu and Ji Y: Molecular and
phenotypic responses of male Crucian carp (Carassius auratus)
exposed to perfluorooctanoic acid. Sci. Total Environ., 653, 1395-
1406 (2019).

Fang, N.F.,L. Wang and Z.H. Shi: Runoff and soil erosion of field plotsina
subtropical mountainous region of China. J. Hydrol., 552, 387-395
(2017).

Geng, Q., Q. Ren, R.H. Nolan, P. Wu and Q. Yu: Assessing China’s
agricultural water use efficiency in a green-blue water perspective:
Astudy based on data envelopmentanalysis. Ecol. Indic., 96, 329-
335(2019).

Gleick, P. H.: The World's Water 2008-2009: The Biennial Report on
Freshwater Resources. China Water, 8,79-100(2009).

Han, D.M., J.P. Cheng, X.F. Hu, Z.Y. Jiang, M. Lei, X. Hao, Y.N. Ma, X.J.
Chen and H.L. Wang: Spatial distribution, risk assessment and
source identification of heavy metals in sediments of the Yangtze
River Estuary. China Mar. Pollut. Bull., 115, 141-148(2017).

Han, D.M., M.J. Currell and G.L. Cao: Deep challenges for China's war
onwater pollution. Environ. Pollut., 218, 1222-1233(2016).

Han, X, L. Feng, C. Hu and X. Chen: Wetland changes of China's largest
freshwater lake and their linkage with the Three Gorges. Dam.
Remote Sens. Environ., 204,799-811(2018).

Hu, M., G.H.Huang, W. Sun, Y.P.Li, X.W. Ding, C.J.An, X.F.Zhangand T.
Li: Multi-objective ecological reservoir operation based on water
quality response models and improved genetic algorithm: A case
study in Three Gorges Reservoir, China. Eng. Appl. Artifintell., 36
(C),332-346(2014).

Hu, M.P,, Y.M. Liu, J.H. Wang, R.A. Dahlgren and D.J. Chen: A
modification of the Regional Nutrient Management model
(ReNuMa) to identify long-term changes in riverine nitrogen
sources. J. Hydrol., 561, 31-42 (2018).

Hu, Y.N. and H.F. Cheng: Water pollution during China's industrial
transition. Environ. Dev., 8,57-73 (2013).

Huang, Q.H., D. Long, M.D. Du, C. Zeng, X.D. Li,A.Z. Hou and Y. Hong:
An improved approach to monitoring Brahmaputra River water
levels using retracked altimetry data. Remote Sens. Environ., 211,
112-128 (2018).

Huang, Y.F., J.S. Wang and M. Yang: Unexpected sedimentation patterns
upstream and downstream of the Three Gorges Reservoir: Future
risks. Int. J. Sediment Res., 34, 108-117 (2019).

Ji, Y,,C. Bai, J. Zhang, L. Zhang and X. Huang: Study of water resources
Carrying capacity in typical counties of Xinjiang Riverbasin,
Poyang Lake. J. Jiangxi. Norm. U. (Nat Sci)., 38, 656-660 (2014).

Ji, Y., G. Lu, C. Wang, W. Song and H. Wu: Fish transplantation and
stress-related biomarkers as useful tools for assessing water
quality. J. Environ. Sci., 22, 1826-1832(2010).

Ji,Y.,,J.Zhang, Q. Yao and D.H. Zhao: Analysis of water quality in shallow
lakes with a two-dimensional flow-sediment model. J. Hydrodyn.,

¢ Journal of Environmental Biology, January 2020 ¢



Y. Ji et al.: River management strategies 21

19,501-508 (2007).

Ji, Y., P.Wu, J.Zhang, Y.Zhou, Y.Peng, S.Zhang, G.CaiandG. Gao:
Heavy metal accumulation, risk assessment and integrated
biomarker responses of local vegetables: A case study along the
Le'anriver. Chemosphere, 199, 361-371(2018).

Ji, Y., X. Xu, J. Wan and S. Hu: Research on simulation of diversion flood
routing for Kangshang flood storage in Poyang lake region.
ProcediaEng., 28,740-743(2012).

Ji, Y., J. Zhang, X.P. Huang, C.R. Bai and X. Chen: Investigation and
assessment of heavy metals in surface sediments of Ganjiang
River, China. J. Environ. Biol., 35, 1173-1179 (2014).

Ji, Y, J. Zhang, C.R. Bai, W.B. Zhu, G.T. Cai, L. Hu and G.Q.Gao:
Distribution characteristics of heavy metals in flood plains, farm
fields and high lands in Lake Poyang region in China. J. Environ.
Biol., 38,1301-1311(a) (2017).

Ji, Y., J. Zhang, L.W. Zhang, X.L. Li,D.D. Wu, J.L. Liuand J. Li: Analysis of
heavy metals in the surface sediments of shallow lakes in
Nanjishan (Poyang Lake) Natural Wetland in China. J. Environ.
Biol., 38,561-570(b) (2017).

Ji, Y, J. Zhang, X.L. Li, Y.W. Peng, G.T. Cai, G.Q. Gao, J.Q. Wu and J.L.
Liu: Biomarkers responses of rice plants growing in the potentially
toxic elements polluted region: A case study in the Le'An Region.
Chemosphere, 187,97-105 (2017).

Lai, X, D.Yin, B.L. Finlayson, T. Wei, M. Li, W. Yuan, S. Yang, Z. Dai, S.
Gao and Z. Chen: Will river erosion below the Three Gorges Dam
stopinthe middle Yangtze?. J. Hydrol., 554, 24-31(2017).

Li, J., C.L. Chen and F.D. Li; Status of pops accumulation in the Yellow
River Delta: From distribution to risk assessment. Mar. Pollut. Bull.,
107, 370-378(2016).

Li, L.L., R.Z. Zhang, Z.Z. Luo, W.L. Liang, J.H. Xie, L.Q. Cai and B.
Bellotti: Evolution of soil and water conservation in rain-fed areas
of China. Int. Soil Water Conserv. Res., 2,78-90 (2014).

Li, W., Y.P. Li, C.H. Li and G.H. Huang: An inexact two-stage water
management model for planning agricultural irrigation under
uncertainty. Agr. Water Manag., 97, 1905-1914 (2010).

Li, Z., C. Li, X. Wang, C. Peng, Y. Cai and W. Huang: A hybrid system
dynamics and optimization approach for supporting sustainable
water resources planning in Zhengzhou City, China. J. Hydrol.,
556, 50-60 (2018).

Lin, HJ., LL. Chen, H.P. Li, ZF. Luo, J. Lu and Z.G. Yang:
Pharmaceutically active compounds in the Xiangjiang River,
China: Distribution pattern, source apportionment and risk
assessment. Sci. Total Environ., 636, 975-984 (2018).

Lin, T., X.F. Liu, J.C. Song, G.Q. Zhang, Y.Q. Jia, Z.Z. Tu, Z.H. Zheng and
C.L. Liu: Urban waterlogging risk assessment based on internet
open data: Acase study in China. Habitat Int., 71,88-96 (2018).

Liu,H., G.Liu,S.Wang, C. Zhou, Z. Yuan and C. Da: Distribution of heavy
metals, stable isotope ratios (313c and 515n) and risk assessment
of fish from the Yellow River Estuary, China. Chemosphere, 208,
731-739(2018).

Liu,J.G., C.F. Zang, S.Y. Tian, J.G. Liu, H. Yang, S.F. Jia, L.Z. You, B. Liu
and M. Zhang: Water conservancy projects in China:
Achievements, challenges and way forward. Global Environ.
Chang., 23,633-643 (2013).

Liu, S., X. Peng, Q. Chen, S. Qin, J. Zhao, Y. Feng, S. Luo and H. Zhou:
The 1997-1998 EI Nifio event recorded by a stalagmite from
central China. Quatern. Int., 487, 71-77 (2018).

Liu, Z.: The development and recent advances of flood forecasting
activities in China. In: Flood Forecasting. A Global Perspective.
academic Press, 67-86 (2016).

Lo,A.Y.,B.X. Xu, FK.S. Chanand R.X. Su: Social capital and community
preparation for urban flooding in China. Appl. Geogr.,, 64, 1-11
(2015).

Long, K. and B.C. Pijanowski: Is there a relationship between water
scarcity and water use efficiency in China? A national decadal
assessment across spatial scales. Land Use Policy, 69, 502-511
(2017).

Lu, GH., Y. Ji, HZ. Zhang, H. Wu, J. Qin and C. Wang: Active
biomonitoring of complex pollution in Taihu Lake with Carassius
auratus. Chemosphere, 79,588-594 (2010).

Lv, Y., G.H. Huang and W. Sun: A solution to the water resources crisis in
wetlands: Development of a scenario-based modeling approach
with uncertain features. Sci. Total Environ., 442, 515-526 (2013).

Meng, J., S.J. Hong, T.Y. Wang, Q.F. Li, S.J. Yoon, Y.L. Lu, J.P. Giesy and
J.S. Khim: Traditional and new pops in environments along the
Bohai and Yellow Seas: An overview of China and South Korea.
Chemosphere, 169, 503-515 (2017).

Meng, Y., L. Zhou, S. He, C. Lu, G. Wu, W. Ye and P. Ji: A heavy metal
module coupled with the SWAT model and its preliminary
application in a mine-impacted watershed in China. Sci. Total
Environ., 613, 1207-1219(2018).

Morgan, TK.K.B., D.N. Sardelic and A.F. Waretini: The Three Gorges
Project: How sustainable?. J. Hydrol., 460-461, 1-12 (2012).

Proje, O.T.N.W.D.: The South-to-North Water Diversion Project. Eng., 2,
265-267 (2016).

Sha, J.X,, B. Liu, S.Q. Wang and LJ. Liang: Water resources
management based on the Et Control Theory. Procedia Eng., 28,
665-669 (2012).

Shangguan, Z.P., M.G. Shao, R. Horton, TW. Lei, L. Qinand J.Q. Ma: A
model for regional optimal allocation of irrigation water resources
under deficit irrigation and its applications. Agr. Water Manage.,
52, 139-154 (2002).

Shao, W.W., H.X. Zhang, J.H. Liu, G.Y. Yang, X.D. Chen, Z.Y. Yang and
H. Huang: Data integration and its application in the sponge city
construction of China. Procedia Eng., 154, 779-786 (2016).

Shapiro, J.: China's Environmental Challenges. Polity Press, pp. 65-76
(2012).

Su,M.R.,Y.Zheng, Y. Hao, Q.H. Chen, S.H. Chen, Z.Y. Chen and H. Xie:
The influence of landscape pattern on the risk of urban water-
logging and flood disaster. Ecol. Indic., 92, 133-140 (2018).

Sun, X.S., D.J. Fan, M. Liy, Y. Tian, Y. Pang and H.J. Liao: Source
identification, geochemical normalization and influence factors of
heavy metals in Yangtze River Estuary sediment. Environ. Pollut.,
241,938-949 (2018).

Tang, C.H., YJ. Yi, ZF Yang and X. Cheng: Water pollution risk
simulation and prediction in the main canal of the South-to-North
Water Transfer Project. J. Hydrol., 519, 2111-2120 (2014).

Tang, C.H., Y.J. Yi, ZF. Yang and J. Sun: Risk forecasting of pollution
accidents based on an integrated Bayesian Network and water
quality model for the South to North Water Transfer Project. Ecol.
Eng., 96, 109-116 (2016).

Tang, J.W., LY. Chai, H. Li, ZH. Yang and W.C. Yang: A 10-year
statistical analysis of heavy metals in river and sediment in
Hengyang segment, Xiangjiang River Basin, China. Sustain., 10,
1057 (2018). doi:10.3390/su10041057

Tang, X.Q., M. Wu and R. Li: Distribution, sedimentation, and
bioavailability of particulate phosphorus in the mainstream of the
Three Gorges Reservoir. Water Res., 140, 44-55 (2018).

Wang, C., J. Bi and R.B. Ambrose: Development and application of
mathematical models to support total maximum daily load for the
Taihu Lake's influentrivers, China. Ecol. Eng., 83, 258-267 (2015).

Wang, J.X., Y.R. Li, J.K. Huang, T.T. Yan and T.H. Sun: Growing water
scarcity, food security and government responses in China. Global
Food Secur., 14,9-17 (2017).

Wang, K., D.Y. Chu and Z.H. Yang: Flood control and management for
the transitional Huaihe River in China. Procedia Eng., 154, 703-

¢ Journal of Environmental Biology, January 2020 4



22 Y. Ji et al.: River management strategies

709(2016).

Wang, M., M. Webber, B. Finlayson and J. Barnett: Rural industries and
water pollutionin China. J. Environ. Manage., 86, 648-659(2008).

Wang, P.F., Y.X. Shen, C. Wang, J. Hou, J. Qian, Y. Yuand N.E. Kong: An
improved habitat model to evaluate the impact of water
conservancy projects on Chinese sturgeon (Acipenser sinensis)
spawning sites in the Yangtze River, China. Ecol. Eng., 104, 165-
176 (2017).

Wang, X.D., S.Y. Yang, X.B. Ran, X.M. Liu, C.P. Bataille and N. Su:
Response of the Changjiang (Yangtze River) water chemistry to
the impoundment of Three Gorges Dam during 2010-2011. Chem.
Geol., 487, 1-11(2018).

Wang, YK., B.L. Rhoads, D. Wang, J.C. Wu and X. Zhang: Impacts of
large dams on the complexity of suspended sediment dynamics in
the Yangtze River. J. Hydrol., 558, 184-195(2018).

Wang, Z.L., R.D. Zhong, C.G. Lai, Z.Y. Zeng, Y.Q. Lian and X.Y. Bai:
Climate change enhances the severity and variability of drought in
the Pearl River Basin in South China in the 21 century. Agr. Forest
Meteorol., 249, 149-162 (2018).

Wang, Z.Y. and C. Liu: Two-thousand years of debates and practices of
Yellow River training strategies. Int. J. Sediment Res., 34, 74-83
(2018).

Watts, J.: China crisis over Yangtze river drought forces drastic dam
measures. Guardian, May, 25 (2011).

World, Bank : China Water Quality Management: Policy and Institutional
Considerations, Environment and Social Development: East Asia
and Pacific region. Discuss. Pap. (Washington, DC: The World
Bank), pp. 1-73(2006).

Xia, J., Q. Duan, Y. Luo, Z. Xie, Z. Liu and X. Mo: Climate change and
water: Case study on eastern monsoon region of China. Adv. Clim.
ChangeRes., 8,63-67 (2017).

Yan, L.: Lanzhou shames CNPC Unit for Pollution Crises. Caixin Online
(English) (2015).

Yan, Z.,H. Yang, H.K. Dong, B.N. Ma, H.W. Sun, T. Pan, R.R. Jiang, R.R.
Zhou, J. Shen, J.C. Liu and G.H. Lu: Occurrence and ecological
risk assessment of organic micropollutants in the lower reaches of
the Yangtze River, China: A case study of water diversion. Environ
Pollut., 239,223-232 (2018).

Yang, R. and B.S. Cui: Framework of integrated stormwater
management of Jinan City, China. Procedia Environ. Sci., 13,
2346-2352(2012).

Yang, S.L., J.D. Milliman, P. Li and K. Xu: 50,000 Dams later: Erosion of
the Yangtze River and its delta. Global Planet Change, 75, 14-20
(2011).

Yang, W., J. Nan and D.Z. Sun: An online water quality monitoring and
management system developed for the Liming River basin in
Daqing, China. J. Environ. Manage., 88, 318-325 (2008).

Yang, Z., J. Song, D. Cheng, J. Xia, Q. Li and M.l Ahamad:
Comprehensive evaluation and scenario simulation for the water
resources carrying capacity in Xi'an city, China. J. Environ.
Manage., 230,221-233 (2019).

Yao, X.L., W. Feng, X.L. Zhang, W.X. Wang, C.T. Zhang and S.Q. You:
Measurement and decomposition of industrial green total factor
water efficiencyin China. J. Clean Prod., 198, 1144-1156 (2018).

Yu, S. and H. Lu: Relationship between urbanisation and pollutant
emissions in transboundary river basins under the strategy of the

Beltand Road Initiative. Chemosphere, 203, 11-20(2018).

Yu, Y., G. Yu, M. Disse, M. Gan and R. Yu: Agricultural water allocation
strategies along the oasis of Tarim River in Northwest China. Agr.
Water Manage., 187, 24-36 (2017).

Zhang, D., Q. Zhang, J. Qiu, P. Bai, K. Liang and X. Li: Intensification of
hydrological drought due to human activity in the middle reaches of
the Yangtze River, China. Sci. Total Environ., 637-638, 1432-1442
(2018).

Zhang, J., L.X. Han, Y. Ji, M.Q. Duan, G.T. Cai, J.Q. Wu, W.B. Zhu, G.Q.
Gao, Y.W. Peng andY.F. Zhou: Study of soil nutrients, physical and
biological characteristics of paddy fields after lifting measures: A
case study of China’s Ganjiang region. J. Environ. Biol., 39, 432-
439(a) (2018).

Zhang, J., L.X. Han, Y. Ji, J. Wei, G.T. Cai, G.Q. Gao, J.Q. Wu and Z.D.
Yao: Heavy metal investigation and risk assessment along the
Le'An River from non-ferrous metal mining and smelting activities
inPoyang, China. J. Environ. Biol., 39, 536-545(b) (2018).

Zhang, J.L., J.X. Song, Y.Q. Long, F.H. Kong, L.P. Wang, Y. Zhang, Q. Li,
Y.Q. Wang and Y.H. Hui: Seasonal variability of hyporheic water
exchange of the Weihe River in Shaanxi Province, China. Ecol.
Indic., 92,278-287(2018).

Zhang, R.H.: Natural and human-induced changes in summer climate
over the East Asian monsoon region in the last half century: A
review. Adv. Climate Change Res., 6, 131-140(2015).

Zhang, S., Y. Li, T. Zhang and Y. Peng: An integrated environmental
decision support system for water pollution control based on
TMDL-A case study in the Beiyun River watershed. J. Environ.
Manage., 156, 31-40 (2015).

Zhang, X.L. and Y.Q. Song: Optimization of wetland restoration siting and
zoning in flood retention areas of river basins in China: A case study
in Mengwa, Huaihe River Basin. J. Hydrol., 519, 80-93 (2014).

Zhao, C.S., S.T. Yang, H. Xiang, C.M. Liu, H.T. Zhang, Z.L. Yang, Y.
Zhang, Y. Sun, S.M. Mitrovic, Q. Yu and R.P. Lim: Hydrologic and
water-quality rehabilitation of environments for suitable fish
habitat. J. Hydrol., 530, 799-814(2015).

Zhao, G.M,, S.Y. Ye, HM. Yuan, X.G. Ding and J. Wang: Surface
sediment properties and heavy metal pollution assessment in the
Pearl River Estuary, China. Environ. Sci. Pollut. Res., 24, 2966-
2979(2017).

Zhao, Z.Y., J. Zuo and G. Zillante: Transformation of water resource
management: A case study of the south-to-north water diversion
project. J. Clean Prod., 163, 136-145(2015).

Zhou, J.Z., Y. Zhao, L.X. Song, S. Bi and H. Zhang: Assessing the effect
of the Three Gorges reservoir impoundment on spawning habitat
suitability of Chinese sturgeon (Acipenser sinensis) in Yangtze
River, China. Ecol. Inform., 20, 33-46 (2014).

Zhou, L., J. Wu, X. Mo, H. Zhou, C. Diao, Q. Wang, Y. Chen and F.
Zhang: Quantitative and detailed spatiotemporal patterns of
droughtin China during 2001-2013. Sci. Total Environ., 589, 136-
145(2017).

Zhou, S., B.F. Yu, Y. Zhang, Y.F. Huang and G.Q. Wang: Water use
efficiency and evapotranspiration partitioning for three typical
ecosystems in the Heihe River Basin, northwestern China. Agr.
Forest Meteorol., 253-254, 261-273 (2018).

Zhu,Y., Z.Lin,J.Wang, Y. Zhao and F. He: Impacts of climate changes on
water resources in Yellow River basin, China. Procedia Eng., 154,
687-695(2016).

& Journal of Environmental Biology, January 2020 ¢



