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Rationale 

 The Three Gorges Project (TGP) is the most ambitious hydroelectric and flood 
control project in human history. It represents a huge investment for China and 
is a key instrument in its sustainable development strategy. The economic, 
social and ecological consequences of the TGP will have planetary repercussions.   

 The Yangtze River is one of the world’s largest rivers, with an average annual 
water discharge approaching 1012 m3. The entire drainage basin covers 
approximately 20% of China’s landmass and yields 35% of its national crop 
production. In addition to its importance for agriculture, industry, and 
transportation, the Yangtze is a major source of sediment, nutrients and 
pollutants to the East China Sea and, ultimately, the global ocean.  

 With the impoundment of close to 40 billion m3 of water in 2009, a 660 km-long 
stretch of the Yangtze stream channel has been transformed into a highly 
regulated reservoir lake, hence fundamentally changing the hydrological and 
ecological functioning of the river system. The unprecedented scale of the 
ongoing changes, as well as their far-reaching social, economic and 
environmental implications, presents unique opportunities and challenges for 
science and technology.  

Water Issues in the Yangtze River and Three Gorges Reservoir  

Eutrophication. Due to excess nutrient loading, algal blooms occur from one to 
several times a year in tributaries of the Three Gorges Reservoir (TGR), as well as in 
the main channel in the vicinity of the dam. Rising discharges of nutrients from the 
Yangtze River further contribute to increasing coastal eutrophication. For instance, 
in August 2011, a massive bloom of green algae covered almost 500 km2 of the 
Yellow Sea adjacent to the Yangtze estuary.  

Sedimentation.  The Three Gorges Dam (TGD) trapped on the order of 172 million 
tons of sediment annually in the period 2003–2008, which represents an average 
sediment retention efficiency of 75%.  The release of clear water contributes to bank 
collapse downstream along the Yangtze River, which in turn puts considerable 
pressure on the Yangtze coastal areas and the East China Sea. 

Contaminants. Concentrations of trace metals and metalloids (e.g., As, Hg, Ti, Cd, Cr, 
Cu, and Zn) reported in 2006 for the middle and downstream reaches of the Yangtze 
River significantly exceeded those observed 20 years earlier, possibly due to the 
inundation of contaminated soils and industrial waste after impoundment of the 
TGR. Hardly anything is known about the sources and fate of organic and emerging 
contaminants (e.g., nanomaterials, pharmaceuticals and others) in the TGR, or in the 
entire Yangtze River basin for that matter. 

Littoral zone. The managed variations in water level have created a large (>300 km2) 
expanse of seasonally inundated littoral buffer zone in the TGR. This new ecotone 
represents a major habitat modification of the TGR, and it may act as source or sink 
of nutrients and contaminants. The role the littoral zone plays in the water quality 
and ecology of the TGR remains to be assessed, however.  
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Biodiversity and nuisance species. Increased shipping upstream of the TGD raises 
concerns about the introduction of invasive species and the associated ecological 
effects. The massive habitat modifications along the Yangtze River following the 
completion of the TGD have further increased pressure on certain indigenous 
species, e.g., the Yangtze porpoise, and may promote the proliferation of 
opportunistic, and potentially harmful, species, such as those associated with 
schistosomiasis. 

Climate change. The ecological and economic impacts of the rapidly evolving land 
use and demographic growth along the Yangtze River may be further exacerbated 
by climate change. The recent, 50-year record drought that has affected the middle 
to lower reaches of the Yangtze from December 2010 to May 2011 may well 
foreshadow the projected future increase in frequency of hydrological extremes 
(droughts and floods) in the Yangtze River basin.  

An integrated, multidisciplinary and ecosystem-level approach is essential to assess 
and counteract the interrelated threats to the sustainable development, water 
quality and ecosystem health in the TGR, the Yangtze River and the coastal zone, 
especially within the context of China’s rapidly growing population and expanding 
economy. Such an approach is precisely what the proposed China-Canada research 
program intends to implement. The premise of the program is that the management 
of land and water resources within the TGR basin and downstream along the 
Yangtze River should rely on a science-based, predictive understanding of the 
multiple and interrelated stressors acting at the basin scale.    

Objectives 

The proposed research program seamlessly complements the recent initiative to 
create the China-Canada Water Science Centre at Southwest University (Appendix 
I), which focuses on pressing water quality and ecosystem health issues within the 
Three Gorges Reservoir and Yangtze River basin. Through the Water Science Centre, 
the research program aims at the following. 

 To design an ecosystem-level water quality and ecological monitoring plan, 
coupled to the development of a comprehensive ecohydrological modeling 
framework, which will inform and support the sustainable economic 
development of the TGR basin.  

 To facilitate and structure multilateral exchanges between the participating 
institutions, which will strengthen the expertise and research infrastructure in 
water science and technology of the new China-Canada Water Science Centre in 
Chongqing.  

 To provide top quality training for the next generation of scientists and 
engineers, and prepare them to tackle the complex issues arising from the 
increasing demands on water resources in China, Canada and worldwide. 

The research program will combine basic research, environmental monitoring, 
technology development, and the development of area-specific best management 
practices (BMPs) for agricultural production in the TGR. The program’s scientific 
approach and implementation is further detailed in Appendix II.   
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Appendix I 
 

 
 
 
 
 

English Summary of the Proposal to create a  
”China-Canada Water Science Centre”  

 

 
Proposed by:  Southwest University, Chongqing, China 

Proposed to: Chongqing Science & Technology Commission (CSTC), Chongqing 
Municipality  

Submitted on: August 10, 2011 

Budget:   ￥3 million (￥: yuan): ￥1 million from CSTC, ￥2 million from 

Southwest University (includes lab renovation and refitting, 
equipment purchasing, domestic and international travelling) 

Key partners: University of Windsor, University of Waterloo, Wilfrid Laurier 
University, Canadian Consulate – Chongqing 

 

Mission statement. The proposed China-Canada Water Science Centre will advance 
our understanding of the new and evolving TGR ecosystem, through research and 
training. The scientific research conducted at the China-Canada Water Science 
Centre will inform and support environmentally sustainable economic development 
within the TGR basin and along the Yangtze River, with a focus on developing best 
management practices (BMPs) for local agricultural production that protect aquatic 
ecosystem services. The China-Canada Water Science Centre will provide a user-
accessible facility for scientists interested in performing research in the TGR or 
Yangtze River basin. It will actively foster collaborative research efforts, including 
through the acquisition of national and international funding.  

 

Motivation and background. The Three Gorges Reservoir (TGR) is one of the 
largest man-made freshwater bodies on earth: the impoundment completed at the 
end of 2009 submerged over 630 km2 of land.  The massive impacts of the Three 
Gorges Project (TGP) on the hydrology and ecology of the TGR and Yangtze River, 
the nutrient and contaminant fluxes to the coastal zone and regional climate are 
receiving increasing attention, both in China and worldwide. For instance, this past 
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May China’s central government announced it would spend 26.45 billion USD over 
the next 10 years on mitigation efforts in the TGR. Given the scale and complexity of 
the environmental changes caused by the TGP, integrated, ecosystem-level studies 
are essential to assess and counteract the multiple threats to the ecology, water 
quality and ecosystem services of the TGR basin and the downstream reaches of the 
Yangtze River and the adjacent coastal zone.  

While several laboratories in Chongqing and China carry out TGR-related research, 
none cover the entire range of stressors and impacts affecting the TGR watershed. In 
addition, there is a lack of time-series data on reservoir-wide non-point nutrient and 
contaminant sources, as well as indicators of ecosystem health of the TGR and its 
tributaries. The proposed China-Canada Water Science Centre will provide the 
expertise and infrastructure needed to implement a comprehensive water quality 
and ecological monitoring plan for the TGR, and conduct multidisciplinary research 
in support of the sustainable management of the land and water resources in the 
TGR basin and the downstream Yangtze River and adjacent coastal zone.     

Canadian universities and research institutes are world leaders in environmental 
and ecological research applied to large fresh water bodies, with a particular 
emphasis on mitigating the impacts of excessive land-derived nutrient and 
contaminant loadings. The proposed China-Canada Water Science Centre will 
therefore bring to bear the expertise and technology of the Canadian partners in key 
areas that are essential to meet the water needs and demands of China, today and 
into the future. The two-way cooperation will also yield new knowledge that will be 
relevant to deal with emerging water issues in Canada and worldwide.  

Many of the fundamental and applied research questions that lie at the core of the 
proposed China-Canada Water Science Centre were discussed during a bilateral 
China-Canada workshop and field tour dedicated to the TGR held in January 2011 in 
Chongqing. A key outcome of the workshop was the joint submission in early 2011 
to China’s Ministry of Science and Technology (MOST) and Ontario’s Ministry of 
Research of Innovation (OCRIF program) of a research proposal entitled “Innovative 
Monitoring and Prediction of Non-Point Source Pollution and Water Quality in the 
Three Gorges Reservoir Catchment” (decision pending). These various initiatives 
involve several distinguished professors in China, a Canada Excellence Research 
Chair and four Canada Research Chairs. They also enjoy the active support of the 
Canadian Consul in Chongqing. 

Key Senior Personnel associated with the Water Centre. 

Name  Unit  Role and research field Mos/year 

China  

Deti Xie College of Resources and 
Environment, SWU  

Centre Director  2 

Lei Zhang College of Resources and 
Environment, SWU 

Deputy Centre Director, 
Coordinator microbiological 
monitoring 

4 

Binghui He College of Resources and 
Environment, SWU 

Soil erosion and protection  2 
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Zhengwen Liu Nanjing Institute of Geography 
and Limnology (CAS) 

Geoecology and limnology 2 

Bo Zeng Key Laboratory of Eco-
environments in Three Gorges 
Reservoir Region, Ministry of 
Education 

Biological diversity protection 2 

Qiuwen Chen Research Centre of Eco-
environmental Science (CAS) 

Non-point source pollution 1 

Huaidong Zhou China Institute for Hydrology and 
Hydroelectric Power, Ministry of 
Water Resources 

Hydrology 1 

Sheng Zhang Institute of Environmental 
Science, Chongqing Municipality  

Water pollution monitoring 2 

Jingsong Guo College of City and Environment, 
Chongqing University 

Water pollution engineering 2 

Xingzhong Yuan College of Resources and 
Environment, Chongqing 
University 

Wetland ecology 2 

Hang Li College of Resources and 
Environment, SWU 

Fertilizer and soil remediation 3 

Chongyuan Zhi Guizhou Normal University Phycology, diatom ecology 3 
Xianjun Jiang College of Resources and 

Environment, SWU 
Soil remediation  

Jiupai Ni College of Resources and 
Environment, SWU 

GIS, non-point source pollution 
monitoring and control 

3 

Jianhua Peng Institute of Hydro-Engineering 
Ecology, Ministry of Water 
Resources 

Fish and water pollution 2 

Weihua Zhang College of Resources and 
Environment, SWU 

Hydrological modeling 4 

Yunzhong Luo College of Resources and 
Environment, SWU 

Agronomy  2 

En Ci College of Resources and 
Environment, SWU 

GIS, non-point source pollution 
monitoring and control 

3 

Jiang He Beibei Municipality, Chongqing GIS 2 

Canada  

Douglas G. Haffner Great Lakes Institute for 
Environmental Research, 
(GLIER), University of Windsor 

Centre Co-Director, Canada 
Research Chair 

1 

Philippe Van 
Cappellen 

Earth & Environmental 
Sciences, University of Waterloo 

Canada Excellence Research 
Chair, ecohydrology 

1 

William D. Taylor Biology, University of Waterloo Canada Research Chair, lake 
ecology 

1 

Tiequan Zhang Agriculture & Agri-food Canada Agronomy, nutrients 2 
Chin Tan Agriculture & Agri-food Canada Agricultural run-off and 

irrigation 
1 

Paul Hamilton Canada Museum of Nature Phycology 1 
James McGeer Laurier Institute for Water Environmental toxicology, 1 
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Science (LIWS), Wilfrid Laurier 
University 

metals 

Hugh MacIsaac GLIER, University of Windsor Canada Research Chair, 
invasive species 

1 

Ken Drouillard GLIER, University of Windsor Aquatic bioenergetics 1 
Craig Drury Agriculture & Agri-food Canada Fertilizers and nutrient 

control 
1 

Bryan McConachie Ritchie Feed & Seed Inc.  Agro-system modeling  2 
Robin Johnston Ritchie Feed & Seed Inc.  Agro-system modeling  2 
Frank Johnson RBR. Ltd CEO, water quality sensors 2 
Patricia Chow-Fraser MacMaster University Director of the Life Sciences 

Program, littoral zone 
monitoring 

1 

Maria Dittrich 
 

Physical & Environmental 
Sciences, University of Toronto  

Biogeochemistry  1 

Raoul Couture Earth and Environmental 
Sciences, University of Waterloo 

Environmental chemistry 1 

Michael P. Wilkie Biology, Wilfrid Laurier 
University 

Physiology and toxicology 
of fish 

1 

Kevin Stevens Biology, Wilfrid Laurier 
University 

Hydrology and ecology  1 

Ronald William 
Russell 

Saint Mary’s University Littoral zone biological 
community protection 

1 

William Edwards 
Briggs 

Ministry of Environment, 
Ontario 

Littoral zone management 1 

Paul Drca Manager of Environmental 
Service, City of Windsor 

Waste water treatment 1 

Gregory Mayne Environment Canada Development and 
implementation 

1 
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Three Gorges Project. The Three Gorges Project (TGP) is probably the most ambitious 
hydroelectric and flood control project in human history. It represents a huge investment for 
China and is a key instrument in its sustainable development strategy. The economic, social and 
ecological consequences of the TGP will have planetary repercussions.   

The Yangtze is one of the world’s largest rivers, with an average annual water discharge 
approaching 1012 m3. The entire drainage basin covers approximately 20% of China’s landmass 
and yields 35% of its national crop production. In addition to its importance for agriculture, 
industry, and transportation, the Yangtze is a major source of sediment, nutrients and pollutants 
to the East China Sea and, ultimately, the global ocean.  

With the impoundment of close to 40 billion m3 of water, a 660 km-long stretch of the Yangtze 
stream channel has been transformed into a highly regulated reservoir lake, hence 
fundamentally changing the hydrological and ecological functioning of the river system. The 
unprecedented scale of the ongoing changes, as well as their far-reaching social, economic and 
environmental implications, present unique opportunities and challenges for science and 
technology.  

Eutrophication. The high population density and intensive agriculture in the TGP basin, 
combined with reduced flow rates, raise concerns about the potential adverse effects of 
eutrophication of the reservoir on water quality, water supply, ecosystem health and dam 
operation. The proposed bilateral project intends to address these concerns by focusing on the 
sources, fate and ecological impacts of nutrients in the Three Gorges reservoir basin. The results 
of the project will inform and support ecological risk assessment, monitoring, environmental 
forecasting, integrated land and water management, and remediation efforts within the basin. 

Research objectives.  Changes in nutrient loading are one of the major human pressures on 
aquatic ecosystems worldwide. The proposed project aims to build a predictive understanding 
of the sources, sinks and cycling of the macronutrients nitrogen (N), phosphorus (P) and silicon 
(Si) in the newly created and evolving aquatic ecosystems of the TGP reservoir basin. Special 
attention will be given to non-point nutrient sources as their magnitude and variability are 
currently poorly constrained.  Specific objectives of the project are 

1. to quantify the non-point sources of N, P and Si and their variability under changing crop 
and land management scenarios;  

2. to develop demonstration technologies for nutrient abatement, soil conservation and 
crop management systems, which can be used to inform local government, environmental 
managers, farmers and the general public; 

3. to assess the role of periodically flooded littoral buffer zones in regulating the transfer of 
nutrients from land to water; 

4. to understand the processes controlling the fate of nutrients, the trophic state and the 
occurrence of algal blooms in the TGP reservoir and its tributaries;  

5. to identify diagnostic indicators of ecosystem health to be included in the comprehensive 
environmental monitoring and assessment of the reservoir; 

6. and to assemble the emerging process-knowledge in a hydro-ecological model of the TGP 
reservoir for use in environmental simulation and prediction. 

Integrated and multi-scale approach. The proposed project will combine basic research and 
technology development with monitoring and best management practice (BMP). It will involve 
agricultural experts, soil scientists, hydrologists, ecologists, geochemists and computational 
scientists, who will monitor and analyze nutrient dynamics at a range of overlapping spatio-
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temporal scales. The figure below identifies the scales and corresponding variables that will be 
addressed in the experimental and modeling studies.  

 

Project structure. Research activities will be divided in the following three subprojects. 

 The Terrestrial Systems subproject will focus on the mechanisms and pathways that 
regulate the fluxes, transformations and speciation of N, P and Si in agrosystems and 
watersheds. In addition to estimating current nutrient fluxes from land to water, the field-
oriented research will assess how different crop management and ecological restoration 
strategies affect nutrient loadings. An important goal will be to simultaneously reduce 
outflows of N and P, increase crop yields, minimize soil erosion and improve farmers’ 
incomes. Research will primarily be carried out in 1 or 2 small (106-107 m2) experimental 
watersheds.  

 The Aquatic Systems subproject will develop, calibrate and monitor chemical, metabolic 
and biological indicators of aquatic ecosystem health in 3 or 4 tributaries as well as in the 
main channel of the reservoir. (Note: there are 33 major tributaries along the TGP 
reservoir.) Methods will include biological sampling, acquisition of high-resolution physical 
and chemical time series data, and the use of stable isotopes. The results will 
quantitatively relate aquatic ecosystem responses to variations in terrestrial nutrient 
inputs, water flow and mixing regime. Particular attention will be given to the nutrient 
filter function of littoral zones and riparian wetlands, the nature, extent and severity of 
nutrient limitation, and the development of early warning criteria for harmful algal blooms.  

 The System Modeling subproject will adapt and, where necessary, extend existing 
numerical models (Agro-4D, HydroGeoSphere, RIVE+) to describe the transport and fate of 
N, P, and Si at the different spatio-temporal scales considered (see Figure above). Data 
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generated in the two other subprojects will be used in model development and calibration. 
Model verification will also rely on the water quality and ecological data collected since 
impoundment in 2004 under the auspices of the Three Gorges Project Construction 
Committee (TGPCC). Predictive model applications will among others include simulations 
of the effects of extreme weather events (floods, drought periods), land-use changes and 
climate change projections. 

Innovation. A key transformative aspect of the proposed project is the direct linking of 
production-oriented agricultural research, aquatic ecosystem protection and reservoir 
management. The project will yield new scientific and technological tools to monitor, analyze 
and protect the interconnected land and water resources within the TGP reservoir basin. The 
coordinated management of the TGP by the TGPCC will facilitate the practical implementation 
of these tools. The project will further offer exceptional training opportunities for junior 
researchers and foster collaborations between academic and industrial partners. Commercial 
spin-offs are expected in the areas of agricultural production, fisheries, nutrient abatement 
technology, water quality monitoring, low-cost nutrient sensors, early warning systems, 
telecommunications, earth observation and software development. 

Partners. Committed participating organizations are listed on the cover page. They include 
academic and governmental institutions as well as commercial partners, with proven track 
records in research and development in the areas of hydrology, meteorology, soil science, 
agriculture, precision farming, freshwater ecology, biogeochemistry, geographical information 
systems, remote sensing, environmental sensors and dynamic system modeling. Additional 
partners will be recruited to further strengthen the consortium, in particular, in the areas of 
telecommunications and earth observation. 

Implementation. The bulk of the proposed research will be carried out by junior researchers 
(PhDs and postdocs) under the supervision of senior researchers from the partner organizations. 
Funding is sought for 12 full-time junior research positions over the entire 5-year duration of the 
project. The positions will be split equally between China and Canada. A consortium agreement 
will detail the research activities, partner responsibilities and project deliverables.  
 

This White Paper is the result of discussions held during the International Workshop on Non-
Point Pollution Sources in the Three Gorges Area, at Southwest University, Chongqing, January 
14-15, 2011, with partial financial support of Ontario’s International Strategic Opportunities 
Program (ISOP). It forms the basis for a full proposal submitted jointly to China’s Ministry of 
Sciences and Technology (MOST) and Ontario’s Ministry of Research and Innovation (MRI, OCRIF 
program). Decision on the proposal is pending. 

 

 
 


