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Summary 

China is a nation of water shortage. The per capita water resources amount is 2185 cubic meters, 

which is less than a third of the global average. The spatial distribution of the water resources is uneven, 

that doesn’t keep up with the distribution of land and mineral resources and the layout of productivity. 

The North (north of the Yangtze River) makes up 63.5% of the territory, where the population makes 

up about 46% of the total population of China and the cultivated land makes up 60% of the total 

cultivated land and the GDP makes up 44% of the total GDP. But the volume of water resources 

makes up only 19% of the total volume.  The Water Resources faces four issues. Firstly, the frequent 

disaster of floods and water-logging threats the social and economic development.  Secondly, water 

resources shortage becomes the main factor restricting the economic and social development. Thirdly, 

water and soil loss and ecological deterioration has not been put under control effectively. Fourthly, 

water bodies are polluted severely.  

As a national important infrastructure, the water infrastructure has been paying great attention 

to in China. So far, China has gained the world accredited magnificent achievements in the water 

infrastructure development and the system of flood control, water supply, irrigation, hydropower 

generation has been formed. At present, flood control works, taking reservoirs and dikes as its principal 

body, undertake the task protecting the 0.62 million square kilometers of land area, 0.500 billion 

populations, 0.64 billion mu (one mu equals about 666.67 square meters) of cultivated land, 469 cities 

and a large number of infrastructures such as railroads, transportation, oil fields and so on. GDP in 

flood control protected areas accounts for 62% of the total of China. Irrigated area added by reservoirs 

nearly reached 0.600 billion mu. The volume of diversion reached 173.6 billion cubic meters per year. 

And the capacity of hydroelectric power amounted to 0.145 billion kilowatts. 

Since entering the new century, China water has entered the transformation period of 

development.   This period has six following features:  (1) integrated management taking a basin as a 

unit, (2) placing equal stress on water development and protection, (3) eco friendly water 

infrastructure planning and construction system, (4) fully play the role of water infrastructure in the 

ecological environment construction, (5) paying attention to livelihood, and (6) Establishment and 

implementation of the ecology compensation mechanism and system.  



2 

According to the last relevant plans of water infrastructure development of China, the dikes of 

the main trunk stream and the important tributaries of the great rivers will reach the standards 

prescribed in the relevant plans, and the system of flood control and disaster mitigation will come into 

being, which will be suitable for the requirement of comparatively well-off society.  The annual water 

supply capacity will be increased by about 80 billion cubic meters, and the problem of the drink water 

security in countryside will be resolved on the whole, and the water supply system suitable for 

urbanization development will come into being. The national total irrigation water will keep balance 

or decrease. The national average industrial water reuse rate will reach 90%.  Value-added of industry 

per ten thousand RMB Yuan will come down to 58 cubic meters. Water-saving irrigation area will be 

newly added by 13.33 million hectares. The effective irrigation area will be newly added by 1.3333 

million hectares.  The ongoing, supporting, and water-saving reform construction of the large and 

medium irrigation districts will be basically completed.  Capacity of the rainfall collection and usage 

project will be newly added by 0.6 billion cubic meters, which will provide the supplementary irrigation 

condition for 1.0667 million hectares of basic farmland. Water-saving forage land will be newly added 

by 0.6667 million hectares. 26.67 million hectare of natural grassland ecology will be protected and 

restored. Installation capacity of rural hydropower will be added by 35 million kw. Continue the 

construction of the rural electrification counties with hydroelectric power. The attainment rate of water 

quality will be 80% in the entire country for the water function zones of the important rivers and lakes. 

The attainment rate of the water quality will be 98% for the urban important water supply water 

sources.  Treatment rate of domestic sewage will be 80%. Area of water and soil conservation will be 

added by 0.5 million hectares. The modern national water information network will be basically 

completed to push on the progress of the water modernization. 

In the last decades, in order to echo the challenges from the water problems in the process of 

economic and social development, China has adopted active actions and effective measures and 

gained many achievements and experiences for references. (1) To echo the challenge of rapid 

development of urbanization, integrated management of water resources and the construction of 

urban flood control projects and water supply infrastructure have been strengthened to ensure the 

security of urban flood control and water supply. Furthermore, some sustaining protection and 

restoration measures have been adopted in the improvement of urban water environment. (2) In 
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order to promote the economic development of the country backward areas, west development 

strategy and rural water facility construction development plan had been worked out. A large number 

of projects of rural drinking water, water transfer in a basin, environmental hygiene, water and soil 

conservation, ecological restoration, etc. had been constructed. And the international cooperation had 

been strengthened. (3) In order to ensure the grain safety, the construction of farmland water 

conservancy infrastructure and the water source projects had been strengthened in the areas deficient 

of water. (4) In order to resolve the problem of electric energy consumption, the construction and 

international cooperation of the rural electrification counties with hydroelectric power and small 

hydropower displacing fossil fuel had been strengthened that had improved the ecological 

environmental in mountain areas in the same time. (5) In the aspect of efficient water management, 

the strategy and plan of the sustainable comprehensive use of water resources had been worked out, 

including perfecting the water management system, the construction of efficient water use and water 

saving society, water resources protection, integrated water resources management and allocation, 

rational development and utilization of water resources in the west region of China. Furthermore, the 

international cooperation and public participation in this field had been strengthened. (6) In the aspect 

of water and soil conservation, law and regulations of water and soil conservation had been perfected. 

Plans of water and soil conservation and ecological restoration had been worked out. The key control 

areas, key areas of prevention and control, main monitoring area had been put forward. The small 

watershed comprehensive management experiences had been expended ceaselessly.  The international 

cooperation and standardization management in the water and soil conservation had been 

strengthened. (7) In the respect of ecological conservation, water resources protection plan had been 

worked out on the basis of the water function zoning. The monitoring of water quantity and water 

quality had been strengthened. Water resources bulletin system had been established for the main 

regions. The protection target of water source region and important wetland had been cleared and 

defined. The engineering construction of water resources protection and pollution control had been 

strengthened. (8) To echo the challenges of flood control, drought fighting, and mitigating disasters, a 

series of laws and regulations had been worked out and the unified leadership for the flood control, 

drought fighting and mitigating disasters had been strengthened on the basis of laws and regulations. 

A bathes of key projects of flood control and drought fighting had been constructed. The capacity 
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construction and scientific research of flood control and drought fighting had been strengthened. In the 

same time, the natural laws had been observed more and the man-water harmonization had been 

paid more attention to in the water management.  

Though the philosophy of the water resources management had changed greatly, the eco-

efficient water infrastructure planning and designing lacks for the scientific and systemic theory and 

methodology. In order to change this situation, the concerning organization has carried out the 

corresponding researches and has brought forward an indicator system for the assessment of eco-

friendly and economic efficient water infrastructure development. This assessment indicator system 

aims at the water infrastructures such as flood control projects, agricultural water conservancy project, 

hydropower projects, waterway projects, irrigation projects, and water supply and drainage projects, 

polder projects and so on.  The assessment indicators are classified into 5 categories such as hydrology 

and water resources, water environment, river morphology, biology and habitats and social economy. 

In the same time, combining the China water ecological regionalization characteristics, the 

corresponding methods have been put forward to determine the thresholds for the indicators. On the 

basis of the indicator system mentioned above, a standard system had further been put forward for 

the eco-efficient water infrastructure development. In the standard system, according to the correlative 

degree to ecological environment, the technical standards of water infrastructure development for 

ecological protection are divided into two categories, i.e. the corresponding standards involving eco-

environment protection requirements for main work and professional standards for eco-environment 

protection. A series of technical criterions for the eco-environment protection of water infrastructure 

have been put forward according to the planning stage and design and operation stage of water 

infrastructure.  These assessment system, standard system and technical criterion proposals will have the 

important direction significance for the eco-efficient water infrastructure development of China in the 

future.   

At present, China places more emphasis on the integration of the conception of eco-efficient 

water infrastructure in the social and economic development. According to the actual characteristics of 

the seven basins of Yangtze River, Yellow River, Huaihe River, Haihe River, Pearl River, Songhua River 

and Liaohe River, and Taihu Lake and four regions of Coastal East China, Central China, Western 
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China, Northeast China, according to the conception of sustainable development of water resources 

management and the eco-efficient requirement, the development emphases of water infrastructure 

development for the different basins and different regions has been put forward and the general 

development strategy has been put forward too to harmonize  the water infrastructure development 

and ecological protection.  

The China future action plans in the eco-efficient water infrastructure development include 1) 

development strategy to keep carrying forward the sustainable comprehensive utilization of water 

resources, 2) to enlarge the degree of water resources protection to realize the sustainable utilization of 

the water resources, 3) to strengthen the construction of infrastructure of public service such as flood 

control and water supply, 4) to strengthen the water and soil conservation, ecological restoration and 

environmental protection further, 5)  to establish the system of integrated management and operation 

of water infrastructure to ensure sustainable development, 6) to increase the science and technology 

investment  to promote the technological efforts in supporting    the sustainable development of eco-

efficient water infrastructure, 7) to strengthen the sustainable development capacity construction and 

the safety system construction, and 8) to strengthen the international exchange and cooperation of the 

eco-efficient water infrastructure construction.  
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1. Water Resources and Water Infrastructure Present Situation and Its 

Development in China  

1.1 Characteristics of water resources 

(1) Per capita water resources amount is very low 

The average annual precipitation in China is about 6000 billion cubic meters, which is lower than the 

Brazil, Russia, Canada, USA and Indonesia and ranks sixth in the World. Computing according to the 

population of 2004, the per capita water resources amount in China is 2185 cubic meters, which is less 

than a third of average level of the world.  

(2) Influenced by monsoon, the variation of precipitation is great in a year and between years. The 

time distribution of the water resources is very imbalance 

On the time distribution of the precipitation in China, rainfall and hot is in synchronism. Basically, it is 

much in summer and autumn and less in winter and spring. In general, in the region with a lower 

precipitation, the concentration degree is higher. So it is easy to cause a drought in spring and a water 

logging in summer and to form the flood in flood season and low water in non-flood season because 

about two-thirds of the total amount of surface water resources is in the form of flood runoff. 

(3) Uneven spatial distribution of water resources don’t keep up with the distribution of land and 

mineral resources and allocation of productive force 

The water resources is much in the south and less in the north, much in the east and less in the west, 

much in the mountains and less in the plains. Annual precipitation decreases from more than 3000 mm in 

the southeast to less than 50 mm in the northwest. In the north (north of the Yangtze River), the area 

makes up 63.5% of the total area of China, the population makes up about 46% of the total population of 

China, the cultivated land makes up 60% of the total cultivated land, the GDP makes up 44% of the total 

GDP, but the volume of water resources makes up only 19% of the total volume.  

(4) Influenced by the global climate change, the precipitation in parts of China changes in the recent 

years and the volume of water resources in the north has decreased obviously 

In recent 20 years, there were few changes of the surface water resources quantity and total amount 

of water resources in China. But the river runoff and total amount of water resources has increased in the 

south and has decreased obviously in the north. Of the several basins in the north, the water has been 

changed from the periodic shortage into absolute shortage. 



7 

1.2 Water use issues in china 

(1) Water use for economic development increases rapidly which occupy some ecological water in 

advance 

The total amount of water resources use is 103 billion cubic meters in 1949, 443.7 billion cubic 

meters in 1980 and 554.8 billion cubic meters in 2004 which is equivalent to the annual runoff of 10 

Yellow Rivers.  

Since the reform and opening policy, the industrial water and domestic water use has increased 

continuously. The industrial water use increased from 45.7 billion cubic meters in 1980 to 122.9 billion 

cubic meters in 2004 and it increased 1.7 times. The domestic water use increased from 4.8 billion cubic 

meters in 1980 to 36.1 billion cubic meters in 2004 and it increased more than fourfold. 

After an extensive increase, the agriculture water sustains 400 billion cubic meters basically, its 

proportion in the total water resources use decreased from 85% in 1980 to 65% in 2004. 

China government has taken a series of effective measures to ensure the water supply for the 

people’s life and the social and economic development. In the more than 50 years, the nation had built 85 

thousand reservoirs with combined storage capacity more than 500 billion cubic meters, more than 1 

million diversion works, more than 30 thousand diversion gates and more than 400 thousand water-lifting 

projects to form the annual water supply capacity of 580 billion cubic meters.  

But the water shortage issues have been going on and are becoming more and more outstanding. 

According to the present normal demand and no over-extracting groundwater, the water deficit is near 40 

billion cubic meters in the normal year in China. In the Tenth Five-Year period, the average annual area 

of farmland affected by droughts reaches 0.385 billion mus (one mu equals about 6.7 acre) and the 

average annual output of grain declines by 35 billion kilograms due to droughts. In the countryside, there 

are 0.32 billion people whose drink water isn’t safe. There are more than 400 cities which water supply is 

not sufficient and among the cities 110 ones suffer severe water shortages. 

 In some places of the north large quantity of ecological and environmental water has been 

occupying which is to sacrifice the ecological and environmental water use to sustain the water demand 

of economic and social development actually. The number of over-extracted area of groundwater 

centered on cities and well irrigation districts had increased from 56 in the early 1980s to 164 at present 

and the over-extracted area had been expanded from 87 thousand square kilometers to 180 thousand 
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square kilometers which caused some severe ecological issues such as surface subsidence, increasing 

of the hardness of water, sea water invasion, and so on.     

(2) The extensive utilization manner of water resources and low efficiency of water use have wasted 

too much water 

The phenomenon of extensive water utilization manner, low water utilization efficiency and wasteful 

water utilization has existed in China for a long time.  

In the respect of agricultural water utilization efficiency, the China’s average grain yield per cubic 

meters of irrigation water is about 1 kilogram but the advanced countries’ average grain yield per cubic 

meters of irrigation water reaches 2.5～3.0 kilograms in the world. Now, in the most area of the China, the 

traditional flood irrigation method has still being adopted where the water saving irrigation area holds 35 

percent of the effective irrigation area and the irrigation water efficiency is about 0.45. But in some 

advanced countries, the proportion of water saving irrigation area reaches 80%. In Israel, for the all 

irrigation areas the micro-irrigation and sprinkler irrigation techniques are used where the irrigation water 

efficiency is between 0.7 and 0.8. 

In China, the industrial water recycling and wastewater reuse are inadequate and its water use 

technique is backward, with low water utilization efficiency. In 2004, the water consumption of 10 

thousand Yuan RMB GDP is 399 cubic meters in China, which is about the 4 times of the average of the 

world and is the 8 times of the advanced countries such as USA. In 2004, the water consumption of 10 

thousand Yuan RMB value added of industry is 196 cubic meters and the industrial water use rate is 

about 60%~65% in China. In advanced countries, the water consumption of 10 thousand Yuan RMB 

value added of industry is below 50 cubic meters and the industrial water use rate is above 80%~85% 

Of the domestic water, the public’s consciousness about the water saving remains to be further 

enhanced and the popularity rate of water efficient appliance is low. Furthermore, the seawater utilization 

and reclaimed water utilization are low in China.  

1.3 Four water resources issues faced by china  

(1) Frequent disaster of floods and water-logging threatening social and economic development 

Influenced by monsoon climate, China is a nation where the disaster of floods and water logging is 

severe. After the floods of Yangtze River happened in 1998, the China government increased the flood 

control allocations. Now the quality of the flood-prevention facilities has been improved and the flood 
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control project system has been well established. The flood control situation has been improved to a 

certain degree. But the threats from the disaster of floods and water logging are still great. Since 1990, 

the average annual loss is about 110 billion Yuan RMB caused by the disaster of floods and water 

logging, which is about 1 percent of the GDP of the Nation. The threats from the disasters of floods and 

water logging manifest themselves mainly as follows. Firstly, the flood control project system of major 

rivers has not reached their planning standards. Especially, the construction of flood storage and 

retention areas lags badly and the perfect system for flood control and reducing natural disasters had not 

been formed. Secondly, there are a great number of rivers in China and more than 50 thousand rivers 

which watershed area is more than 100 square kilometers. A great number of medium-sized and small 

rivers are of low flood control standards. Thirdly, there are more than 30 thousand risky reservoirs with 

great flood control danger. Fourthly, the local disasters such as torrential flood, mud-rock flow and 

landslides are of many points and wide range that makes the defense be difficult. It is difficult to defense 

the disasters caused by typhoon.  

(2) Water resources shortage becomes the main factor restricting the economic and social 

development 

For the drinking water, since the founding of New China in 1949 the problem of drinking water for 

0.282 billion people in the countryside has been solved and more than 0.4 billion people in the 

countryside have enjoyed piped water and the tap water has basically been popularized in cities. For the 

agricultural water, the China’s effective area of irrigated land has reached 0.84 billion mu. For the 

industrial water, the water for industrial use has increased from 41.7 billion cubic meters in 1980 to 120 

billion cubic meters consumption nowadays. But it should to be seen that the shortage of water resources 

in China is still quite serious. Now more than 0.3 billion people in countryside cannot enjoy the qualified 

drinking water meeting the national standards for the drinking water quality. The average annual area of 

farmland affected by droughts reaches 0.3 billion mu and the grain yield declines by 28.0 billion kilogram. 

The unceasing tension of industrial water and city’s water has become one of the main factors restricting 

the development of some cities.  

(3) Water and soil loss and ecological deterioration has not been put under control effectively 

Nowadays, the water and loss area in China is 3.56 million square kilometers, accounting for 37 

percent of the territory, and the annual total amount of soil loss reaches 5 billion ton. The serious water 
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and soil loss causes not only land deterioration and ecological deterioration but also sediment deposition 

in river course and lake which intensify the disaster of flood and water-logging in the lower rivers. The 

aridity of grassland is serious in the pastoral areas. 90 percent of 3.38 billion mu of the usable natural 

grasslands deteriorate rather seriously in China’s pastoral areas. Serious over-extraction of groundwater, 

shrinking of a great number of lakes, disappearing of sea-beach wetland and drying up of natural wetland 

show that the water resource conservancy capacity and adjustment capacity decrease and there is an 

aggravating trend in the loss of the balance of water ecology.  

(4) Severe water pollution  

Annual discharge amount of industrial waste water and municipal waste water in the entire country 

increased from 23.9 billion cubic meters in 1980 to 68.0 billion cubic meters in 2003. A large quantity of 

untreated waste is discharged into water body directly pollutes the rivers seriously. The water quality 

assessment of the 134.6 thousand kilometers length of rivers in 2003 showed that Grade V and worse 

than Grade V account for 26.5% of the assessed river length, over the 2002.  

1.4 China’s practice in water resources management 

1.4.1 Philosophy change of water resources management 

In 2000, under the guidance of the central government, the Ministry of Water Resources has put 

forward a new strategy to shift from the traditional approach to water resources management towards the 

modem one. Since the new century, the China’s water resources management has entered the shift 

period of development, that is, modern water resources management stage in which People Live in 

Harmony with Nature. The core thought of the sustainable development water resources management is 

that People Live in Harmony with Water to adjust the relations between human and the water actively. It 

is the extension of traditional water resources management. The following are the main features of its 

concept and development tendency. 

(1) Comprehensive management taking a basin as a unit 

The modern water resources management pays attention to taking a basin as a basic unit to carry 

out comprehensive planning, harnessing and management by taking the hydrometeorology, river system, 

geography landform, biology and the habitat, and the social economy as a closely related system to bring 

its resources function, environmental function and ecological function into balance play, to improve the 

safety and comfort of the basin constantly and to realize the sustainable development of the basin.  
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(2) Placing equal stress on water development and protection 

At the same time of water resources development and utilization, people pay attention to the 

protection, conservation and rational allocation of water resources. Clear the rigid restraint of the water 

resources to the socioeconomic development.  Emphasize the suitable limit to the water resources 

development. Change from “Supply taken as demand” to “Demand taken as given”. Build water-efficient 

society. 

(3)Eco friendly water infrastructure planning and construction system 

Ecological and environmental issues take precedence over every other consideration in the 

construction goal, layout, engineering design and the management of the project plan and design. 

Establish the eco friendly water infrastructure planning and design system for various stages including 

planning, reconnaissance, design, construction, operation and management. Ensure provision of the 

water for ecological use of the rivers and lakes to maintain the river’s natural geomorphology and diversity 

of the water flow to protect the biological diversity. Establish the flood control and disaster mitigation 

system of man-water harmonization to give the outlet for flood.  

(4) Fully play the role of water infrastructure in the ecological environment construction 

Fit the requirements of future society to water environment, water landscape, water cultural 

reconstruction based on the relations between human and water. Pay attention to persistent effect 

management of water space environmental and ecology condition. Pay attention to ecological 

conservation and restoration. Bring the ecological conservation and restoration, the drinking water source 

protection, preservation and restoration of wet land, environmental water allocation, prevention and 

control of eutrophication in lakes and reservoirs, regulation of outlet for discharging sewage, monitoring 

and management for water resource, municipal water environment construction and ecological 

conservation in estuaries into water plan category. 

(5) Pay attention to livelihood to fully play the role of social service and the management function of 

the water infrastructure 

Pay attention to using non-engineering measures such as technologies, economics, administration 

and law to implement the management and allocation of water resources. 

(6) Establish and implement the ecology compensation mechanism and system 

Discuss and establish the reasonable ecology compensation policy and mechanism for hydropower 
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project. Taking adjustment of the distribution relation of environmental and economic interests among the 

relevant stakeholders as cores, taking internalization of the external cost of related ecological protection 

or destruction as a benchmark, insisting on the principles of payment by beneficiaries and destroyers and 

payment to protectors and victims, adjust the distribution relation of environmental and economic interests 

among relevant stakeholders. Pay attention to protection and compensation of suffering areas and 

communities.   

1.4.2 Water resources management system  

The development of China’s resources management system has gone through three stages from the 

low to the high.  

Before the promulgation of Water Law in 1988, the water resources management pattern is of many 

departments and decentralization. The water resources management system is scattered in some laws, 

statutes and regulations in relation to water management in the form of regulations about basin or 

regional water allocation and water quality protection. Lacking the delimitation and system in a law, it 

worked out badly.      

Between the promulgation of Water Law in 1988 and the promulgation of new Water Law in 2002, 

the State exercised a system of unified administration on water resources in association with 

administration at various levels and by various departments. China's water resources management was 

beginning to be contained within a legal framework. The existing problems are two main aspects. Firstly, 

the guiding ideology was to design the water resources management system according to the planned 

economy model. Indetermination of the system of compensated water use, nonrecognition of water 

resources value and not regulating the trade system for commodity water influenced the optimal 

allocation of the water resources. Secondly, on the design of the system, it was lack of the sites for many 

important management rules and regulations about water resources, for example, it didn’t regulate the 

rules about water saving, water utilization planning, water resources allocation, water resources 

protection and so on. 

The New Water Law issued in 2002 signed that the China’s water resources management system 

establishment came in to a new stage and brought the China’s water resources management system 

more in conformity with the international practice. It clearly states that for water resources the State 

applies the system under which management of river basins is combined with management of 
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administrative regions and the administrative department for water resources under the State Council is 

responsible for unified management of water resources and supervision over water resources throughout 

the country. 

Though the new Water Law has a major breakthrough in the reform of China’s water resources 

management system, many concrete rules and regulations are uncertain due to the influences from 

various aspects. Furthermore, under the current law environment, the implementation of the incomplete 

system still faces considerable difficulties.  

1.4.3 Environmental management system for water infrastructure construction 

China’s individual water project construction can be divided in to six stages such as planning, 

proposals, feasibility study, design, construction, operation and maintenance roughly. 

The river basin plans for key rivers and lakes defined by the State include comprehensive river basin 

plans and special river basin plans. The plan for a region within a river basin shall be subordinated to the 

plan for the river basin，  and the special plan shall be subordinated to the comprehensive plan. 

Environmental impact assessment for the plans shall be prepared in the process of making the plans.  

In the stage of proposals, a chapter on environmental impacts assessment is necessary to identify 

important environmental issues and their countermeasures.  

In the stage of feasibility study, the environmental impact statement, report table and registration 

card should be prepared to be submitted to the competent department of environmental protection 

administration for approval.   

In the stage of design, the special environmental engineering should be designed. 

In the stage of construction, the environmental management is conducted.  

After the construction, the final acceptance of construction of the environmental protection facilities is 

conducted.  

1.4.4 System of water-draw and utilization assessment 

The new Water Law clearly states that people's governments at or above the county level shall pay 

special attention to construction of water conservancy infrastructures, and incorporate it into their plans of 

national economic and social development. Plans for national economic and social development and 

general urban plans shall be formulated and major construction projects shall geographically be 

distributed in such a way as to suit the local conditions of water resources and the need of flood control, 
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and scientific demonstration shall be needed. In areas with insufficient water resources, limitations shall 

be set on the scale of cities and on construction of industrial, agricultural and service projects that 

consume large amounts of water. At present, the preparatory work for legislation is doing for the water-

draw and utilization in plans for national economic and social development and general urban plans 

The system of assessment of water-draw and utilization in construction projects went in to effect in 

may, 2002. By taking the related plans approved as the assessment basis and combing the basin’s 

allocation system of available water, water function zone management regulations and construction target 

of water efficient society, the water-draw rationality, water source, the impact of water draw and return on 

the ecological environment and other stakeholders are analyzed and assessed to advance the water 

resources protection measures and ecological compensation principles and the water draw scheme of the 

construction project. The approved report of assessment water draw and utilization in construction 

projects is the technological basis for the approval of the water draw permit and the technological basis 

for the final acceptance of construction and water related affairs management of the construction project. 

1.5 Achievements of china's water infrastructure construction and its trend 

1.5.1 Achievements and problems of water infrastructure construction in the second half 

of the 20th century 
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Figure. 1-1. Total Dams in the World and China 

From early 1930s to 1980s, as representative of water engineering construction, the dam is one kind 

of constructions that arouse human and it is the symbol of national strength, the advance in technology 

and the modern civilization. From 1950s to 1980s,1000 dams had been built in the world every year, in 

which 45,000 were higher than 15 m and more than 300 were higher than 100 m. World-wide, there were 

24 counties that Energy supply are based on hydropower, which reach over 90%, mainly including 

Norway and Brazil, 82% in US, 84% in Japan, 65% in Canada, 73% in Germany. 

Before 1949, there were only 23 large and medium-sized reservoirs in China. Nationally inundation 

and drought increasingly was serious. River regulation and water infrastructure construction had become 

an urgent requirement of the majority of the people. 

After 1950, China entered a period of water infrastructure construction in an all-round way. From 

1950s to 1980s, the construction was mainly about flood control project, water resources development 

project and hydropower development project to combine the promotion of advantages with the elimination 

of disadvantages. In the 1980s, the construction was mainly about laws, regulations, system of 

management and water allocation project to carry out comprehensive management of water resources. In 

the 1990s, the construction was mainly about water pollution control, water saving, water environment 

and landscape, etc. to protect water resource protection. 

After 50 years arduous struggles, water infrastructure construction of China has achieved the 

universally accepted magnificent achievements. Traditional water infrastructure which regard flood 

prevention, water supply and power generation as its main function, had obtained tremendous 

achievements. The overall frame had been basically in place of harnessing of large rivers and lakes and 

water allocation and the system of flood control, water supply, irrigation and power generation. At present, 

flood control works, taking reservoirs and dikes as its principal body, undertake the task of protecting the 

0.62 million square kilometers of land area, 0.500 billion populations, 0.64 billion mu of cultivated land, 

469 cities and a large number of railroads, transportation and oil fields. GDP in flood control protected 

areas accounts for 62% of the national total quantity. In the flood control in 1998, the 1335 large-and 

middle -sized reservoirs totally retained 52.2 billion cubic meters of flood to assured the flood control 

safety of 200 cities, 27 million populations and 34 million mu cultivated land, through the co-ordination 

with other flood control works such as embankments. Irrigated area added by reservoirs nearly reached 
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0.600 billion mu, the volume of diversion reached 173.6 billion cubic meters per year, the capacity of 

hydroelectric power amounted to 0.145 billion kilowatts. 

The past water resources management is generally called “the traditional water resources 

management”. The features of traditional water resources management concentrate on emphasizing 

remaking and conquering the nature by works, so people wrote the verse “the high mountains bowed 

their heads, the rivers diverted their ways” to express their feelings of overcoming nature. The highly 

development of traditional water resources management made people deviate from law of nature to use 

and control rivers and lakes. On one hand, water resources were excessively developed by social needs 

guided, which led to the draught-up and shrinking of rivers in northern China. On the other hand, general 

water pollution and environmental degradation were generated because of absence of social 

management for economic development models that left many lessons, for an example, the Sanmenxia 

reservoir, which was completed in 1960s, due to its defects in planning and design and lack of 

understanding of impact of reservoir operation on environment, the reservoir storage capacity was silt up 

50% in 5 years, the backwater of the reservoir endangered the flood control safety of Guanzhong plain in 

Shanxi province, and was forced to be reconstructed, and the related debating is not a thing of the past. 

The Tarim River is the biggest inland river in China. Since 1950s the irrigation agriculture was 

unreasonably developed by large scale occupying grass land, destroying forest for land reclamation in its 

head area and mainstream area. The related plans from 1950s to 1970s did not consider balance 

between water resources development in basin and the ecology protection. The irrigated area increased 

from 5.22 million mu in 1950 to 14.59 million mu in 1998 and the water volume of diversion for the 

irrigation increased from more than 5 billion cubic meters to the present 15.3 billion cubic meters, which 

led to the drought-up of the lower river more than 300 kilometers. The local land degenerated and oasis 

declined. The green corridor was seriously threatened. The Taklimakan Desert and the Kumutage Desert 

folded rapidly, which threatened the ecological safety and social development of Southern Xinjiang. In 

recent years, China invested more than 100 hundred million Yuan according to the Pollution Control Plan 

of Tarim River Basin in the Near Future, to carry ecological water to the lower reaches 9 times through 

engineering measures of reservoir reconstruction, water saving of irrigated area, ecological sluice gates 

(weirs) and dispatching management and so on. The 2.3 billion cubic meters of the ecological water were 

released that made the water level in the lower reaches rise; the natural vegetation restore and the 
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ecological environment improve preliminarily. 

In the end of the 20th century, the problem of the ecological environment brought about by the dam 

has attached extensive importance, "river control and ecosystem protection" has become one of the main 

themes in the field of people and environment, but the traditional ideas and method was still used in the 

planning and design of the water infrastructure in China.  

(1) Focusing on the development and utilization, neglecting the ecological protection 

The main objectives of traditional water conservancy planning and design were the promotion of 

advantages and the elimination of disadvantages, it emphasized on the functional development of water 

resources, attached importance to water supply, power generation, irrigation and other economic benefit 

indexs. But the ecological and environmental protection was often ignored or just stayed in the general 

concept. For example, the water resource planning focused on the need and demand, which resulted in 

general higher water demand prediction in planning. The water supply planning was not fully taken into 

account water saving, reclaimed water utilization, return water quality, which resulted in waste of water 

resources, aggravation of water pollution. The hydropower planning required "cascade connection and 

making full use of water resources ", which resulted in river ecological damage. The harnessing of river in 

river network areas lacked the understanding of water environmental protection. 

(2) The integration and coordination concept was weak 

The function of works was incongruous with the environment, for example, the water resources 

allocation lacked integration with the regional water and soil resources and the productive forces layout. 

The flood control plans emphasized the safety and the protected area in various levels and the control of 

flood but lacked the consideration of the outlet and channeling of flood. The flood control works 

emphasized the safety constantly and encircled the city as “the iron bucket” but affect the city landscape 

and the people's living environment. The river training, enclosing tidal flats and construction of flood 

storage and retention areas are closely related to the regional ecological environment, but in the practice, 

the plans lacked integration with relation and function of the ecology protection. The regional plans 

attached importance to the local interest and effect but were deficient in integration with the overall 

situation and the basin. Attached importance to the key works but neglected the middle and small works 

which are close related to the people’s livelihood. 

(3) The concept of engineering design was backward 
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Emphasized the engineering safety, reliability, technical feasibility and economic rationality but 

neglected the coordination of its layout, structure, material with nature. The works were of three smooth 

surfaces, which led to the linearization of river, regularization of cross, hardening of shore protection 

material to make the basic ecological function of the rivers or lakes damage or lose. 

(4) The understanding of the water project ecology protection repair function was insufficient 

The water is the controlling factor of the ecological environment and the water engineering can 

conduct the basin and regional ecology protection and restoration through adjusting and controlling the 

water resources. The deep understanding in this aspect had been lack for a long time. Even if we had 

implemented the rehabilitation of ecological environment and ecological water compensation in recent 

years, they were the temporary measures for the emergency consideration. Lacking the long-term plan 

arrangement, the normalization of ecological protection and restoration had not realized. 

(5) In the water plan system, the plan on the ecology protection was weak 

Over the years, the primary coverage of the water plan system had been the river basin harnessing 

and development and the consideration to the ecological protection and restoration had been insufficient 

in the plan system. The plans on ecological protection and construction of basins and waters were weak 

and had not formed the system themselves and lagged behind the ecology protection demands. 

(6) The water plan design lacked the clear environmental protection target 

 When determining the plan layout, site selection and construction scale, the plans of water 

resources development and utilization, flood control and the disaster reduction, river regulation had not 

the explicit ecological environment protection target or restriction and lacked the quantifiable methods and 

measures and lacked the ecology indicator system for use. It is difficult to accurately grasp the rational 

degree between development and protection and difficult to achieve the goal of the coordination between 

the development and the ecology protection. 

(7) The design of ecology protection operation management was absence 

Although the designs in some river regulation plans had considered the construction of ecological 

gates and weir, but deletion of management and operation design influenced the exertion of the 

engineering’s good operation and benefit. Many years’ operation showed that deletion of ecological 

operation and management in the design of Tarim River comprehensive regulation planning had 

influenced the plan implementation effect. 
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(8) The planning environmental impact assessment had not really got going 

The rivers ecosystem is of basin and region. The significant and profound ecological impacts must be 

understood and assessed in basin level or region level. The basin ecological environment issues had not 

been assessed sufficiently and the individual engineering environment assessment could not reflect the 

overall and deep environmental issues that left the hidden environmental dangers. Whereas applying 

mechanically the ecological control indicators of basins and regions on the individual engineering would 

cause the disruption of regional ecological balance finally under the superposing effect of an engineering 

group. Since the Environmental Impact Assessment Law went in to effect in 2003, it is necessary to carry 

out the environmental impact assessment of the water plan urgently. 

(9) The environmental protection design lacked the coordination and guarantee mechanisms 

The design and planning of the measures such as ecological protection, ecological water demand 

guarantee, fish passage facilities, stratified water intake, slag disposal pit selection, stock ground 

selection and preventive treatment are closely related to the specialties such as water conservancy, 

construction, budget proposal and so on. The planning and design mechanisms in force lack the 

coordination, communication and cooperation between environmental protection specialty and other 

related specialties. In addition, the environmental impact assessment and the environmental protection 

design had not been taken seriously in the water infrastructure design units and the necessary design 

cycle and the design investment got no guarantee. It is difficult to carry out in depth the relevant works. 

1.5.2 The development tendency of China’s water resources management 

As mentioned above, in 2000, the Ministry of Water Resources has put forward a new strategy to 

shift from the traditional approach to water resources management towards the modem one. Since the 

new century, the China’s water resources management has entered the shift period of development, that 

is, modern water resources management stage that People Live in Harmony with Nature.  

In the future, the China water infrastructure construction will implement the Scientific Outlook on 

Development, promote the harmony between people and the water, actively adjust the relation between 

people and water and implement the sustainable development water resources management. 

(1) Comprehensive management taking a basin as a unit 

The comprehensive planning, harnessing and management is carried out by taking the 

hydrometeorology, river system, geography landform, biology and the habitat, and the social economy as 
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a closely related system. 

(2) Placing equal stress on water development and protection 

At the same time of water resources development and utilization, people pay attention to the 

protection, conservation and rational allocation of water resources. 

(3) Eco friendly water infrastructure planning and construction system 

Ecological and environmental issues take precedence over every other consideration in the 

construction goal, layout, engineering design, and the management of the project plan and design. 

Establish the eco friendly water infrastructure planning and design system for various stages including 

planning, reconnaissance, design, construction, operation and management.  

(4) Pay attention to livelihood to fully play the role of social service and the management function of 

the water infrastructure 

Bring the ecological conservation and restoration, the drinking water source protection, preservation 

and restoration of wet land, environmental water allocation, monitoring and management for water 

resource, municipal water environment construction and ecological conservation in estuaries into water 

plan category. 

(5) Pay attention to livelihood to fully play the role of social service and the management function of 

the water infrastructure 

(6) Establish and implement the ecology compensation mechanism and system 

1.6 General strategies of water infrastructure development 

(1) The flood control and disaster reduction must be in the light of the ideas of the harmony between 

people and water to give a outlet for flood, to plan scientifically river course, lakes, multi-purpose projects 

and flood storage and retention areas, to give special attention to the weak link of flood control and 

disaster reduction system such as the construction of flood storage and disaster reduction and so on, to 

utilize the rain and flood resources rationally, to establish the flood management system, to perfect the 

flood control and disaster reduction system ceaselessly and to realize the transformation from flood 

control to flood management gradually.    

(2) Water resources development and utilization must take the construction of water efficient society 

as its fundamental starting point to implement the water allocation of the main rivers, especially the 

northern rivers, to establish the national water right system preliminarily, to cultivate water market actively, 
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to enhance the construction of the projects of water storage and regulation and water allocation to 

establish the national overall water resources allocation pattern and the regional water resources 

allocation pattern gradually, to harmonize the domestic water, production water and  water for ecological 

use well and to raise the efficiency and benefit of the water resources utilization. 

(3) Water resources protection and water environment treatment must take the restoration and 

improvement of water body function as objectives of work and take the drinking water source protection 

as the focal point of work to establish the water resources protection system of control of the total amount 

of pollution discharge, quota management, pollution payment, water quality monitoring, pre-warning when 

exceeding standards, excess punishment, etc.. Speed up cyclic economy to strengthen the wastewater 

treatment and reclaimed water utilization. Implement the strict groundwater protection policy to strengthen 

comprehensive treatment of the over-extracted area of groundwater. 

(4) Ecological construction of water and soil conservation must fully develop the self-restoration 

capability of ecology and focus on the preventive protection and effective supervision to Integrate 

engineering measure, administrative measures, technical measures and management measures, to 

combine national investment with policy guidance, to strengthen the comprehensive treatment of key 

water and soil loss areas and ecologically fragile rivers, to remedy the national water related ecological 

degradation returns gradually.     

2. Challenge, Actions and Achievements of China in the Past Activities Related 

Eco-efficient Water Infrastructure Development 

2.1 Challenge 1: Urbanization and social development 

2.1.1 Background 

Since 1990s, the progress of urbanization and the construction of urban facility in China have been 

quickened. From 1992 to 2000, the population in city and town in China increased by 132 million persons 

and the level of urbanization enhanced from 27.63% to 36.09%. With the continuous acceleration of quick 

economic and social development and the progress of urbanization, the water problems such as urban 

water supply, water use, flood control, drainage and water environment, have increasingly arisen. In 668 

cities in China, there are more than 400 cities with the shortage of water to certain degree. Among them, 

108 cities are seriously short of water, with the shortage of water of about 6.0 billion cubic meters 

annually. And 625 cities have been threatened by flood and waterlog, with low flood control and waterlog 
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drainage standards. Due to the continuous increase of urban industrial wastewater and sanitary sewage 

and the shortage of wastewater treatment capacity, some of such wastewater was directly poured into 

rivers, lakes or seas without any treatment, which causes water pollution to different degree. For this 

reason, the Chinese Government has paid great attention to urban construction and taken the work of 

comprehensive treatment of urban environment and the infrastructure construction of urban flood control 

and water supply as the priority fields in the sustainable development. 

2.1.2 Action and achievement 

a) Strengthening the unified management of water resources and continuously improving urban 

water environment 

The Chinese Government insists on the concerted development of population, resources, 

environment, economy and society and correctly deals with the relationship of economic development, 

population increase and water resources bearing capacity. In the process of economic and social 

development, the strategy of “determining the scale and development in accordance with water 

resources” has been implemented, that is, the urban construction scale and industrial deployment are 

determined and the economic structures is continuously adjusted to develop the production according to 

the conditions of water resources. The unified management of water resources has been strengthened. In 

many cities, the integrity management of urban and rural water affairs has been implemented. The unified 

enforcement of the management functions of flood control, water supply and use, water saving, drainage, 

wastewater treatment and reuse have been carried out. The water-use saving and the water resources 

and environment protection have been strengthened. The clear production has been advocated. The 

reuse of wastewater and sewage has been enhanced. The water for urban ecological environment and 

recreational activities has been arranged rationally. The treatment of urban rivers and lakes has been 

strengthened. All these are aimed to construct a beautiful resident environment based on the water 

environment, which not only enhances the living quality of urban and rural people and improves the 

resident environment but also effectively promotes the unified arrangement and sustainable utilization of 

water resources. 

Box 1 Green bank and clear water surround and accompany the buildings in Beijing City 

In accordance with the principles of “unified planning, comprehensive harnessing, stressing on focal 

points, implementation by stages, putting the city center first and then the suburbs”, Beijing Municipal 
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Government has strengthened the comprehensive treatment of rivers and lakes in the city. With the 

efforts for many years, the treatment goal of clear water, 

unobstructed flow, green bank and open to navigation 

now is preliminarily realized. From 1998 to 2000, the 

following works had been completed: the river 

regulation of 50 km, the treatment of 13 lakes, the 

dredge volume of 1.9 million cubic meters, the 

rehabilitation and enlargement of 27 gates, bridges and 

dams, the pipe laying of 60 km for intercepting wastewater, the development of 6 open swimming spaces, 

and the increase of the water surface area of 15 ha and the green land area of 150 ha. At present, the 

navigation is open up from the Summer Palace to the Longtan Lake and the Beijing Exhibition Center. 

The rivers and lakes in Beijing moisten all things in the city and foster the generations of the people. 

Water breeds the ancient culture of Beijing City and presents a scene of harmonious coexistence of the 

people and water. 

b) Strengthening the construction of urban flood control projects to guarantee the safety of urban 

The Chinese Government has highly paid attention to the work of urban water affairs and formulated 

related policies and measures to guarantee the safety 

of urban flood control and water supply. The work of 

urban flood control adopts the mayor responsibility 

system. The planning for urban flood control and water 

logging drainage has been formulated and the 

construction of flood control has been strengthened so 

that the capacity of urban flood control and water logging drainage has been continuously increased. At 

present, 40% of the cities with the task of flood control have reached the flood control standards 

stipulated by the State. The small town development strategy also pays great attention to the construction 

of flood control and water logging drainage facilities. 

c) Strengthening the construction of urban water supply facilities to guarantee the safety of urban 

water supply 

The Chinese Government prioritizes the water saving and wastewater treatment, water source 
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protection and the urban water supply strategy of strengthening the construction of water source projects 

and water distribution pipeline network facilities. For those cities short in water source works, the inter-

basin water transfer projects have been carried out to ensure the urban water supply and continuously 

enhance and improve the urban water supply capacity and conditions. Since 1992, the urban industrial 

and domestic water use in China has account for about 30% of the country’s total water use, increasing 

about 8%. The water supply capacity has reached 80 million cubic meters per day (not including rural 

towns), and the total water supply volume has increased to 23%. The urban wastewater and sewage 

treatment rate has been increased to 31%. 

Box 2 Water Diversion Project from the Yellow River to Qingdao, Shandong Province 

The Water Diversion Project from the Yellow River to Qingdao in Shandong Province is a large-scale 

and long-distance inter-basin water transfer project to solve the water shortage problem in Qingdao City 

in Shandong Province, with the total length of 253 km of water conveyance canal, the diversion discharge 

of 45 m
3
/s and the annual diversion volume of 347 

million m
3
. The Project was completed in November of 

1989, with the total investment of 962 million RMB Yuan. 

Qingdao City was one of the cities with the severe 

shortage of water in the North China. Before the 

completion of the Project, four emergency water supply 

schemes had been put into use in order to solve its 

water shortage crisis. The completion of the project has changed the situation of long-term water 

shortage in Qingdao City. Since its completion in 12 years ago, the Project could meet the basic needs of 

the industrial and domestic water uses in Qingdao City. The Project has water diversion volume of 2.4 

billion cubic meters, among it, 600 m
3
 is used for industrial and domestic purposes, 1.0 billion m

3
 for 

irrigation and replenishment of groundwater along its way. The Project provides 710,000 people in the 

high fluoride and saltwater areas with good water supply and achieved in an increases of 350 million kg in 

grain yield per yea. Consequently, economic development and the investment environment in Qingdao 

City has been greatly improved. In last ten years only, 3000 joint-ventures enterprises have been set up 

in the city with an investment of more than 8.3 billion RMB yuan and return economic benefit of 30 billion 

RMB Yuan. 
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2.2 Challenge 2: Regional development and poverty alleviation 

2.2.1 Background 

To the end of 1992, there were still 88 million rural inhabitants in China without adequate drinking 

water supply. Most of them lived mountainous, remote or minority areas. Such areas also are the areas 

with serious water and soil erosion and shortage of electricity. Though the production and living 

conditions has been steadily progressed in these poor areas since 1992, the needs of drinking water 

supply of more than 24 million people are not yet met. The electricity shortage in some areas remains a 

problem. 

2.2.2 Action and achievement 

a) Formulation of Regional Development and Poverty Alleviation Plan 

The Chinese Poverty Alleviation Plan during the 8th Five-Year Plan period, the 90’s Water 

Resources Sector Reform and Development Master Plan and the Water Resources Development Master 

Plan for Western China have taken measures to solved the problems of drinking water supply, electricity 

shortage and poor productivity, with priority for the under-developed areas. Meanwhile, in order to 

promote the economy in the less developed regions, the Government of China also carried out action 

plans such as constructing drinking water supply projects for people and livestock, the rainwater 

harvesting systems and water-saving irrigation projects and rural hydropower program. 

Box 3 The Key Projects for Water Resources Development in Western China 

♦ Rural drinking water works and rural hydropower construction 

♦ Implementing inter-basin water transfer projects such as the South-to-North Inter-basin Water 

Transfer Project (west line) 

♦ Water-saving rehabilitation projects in large-sized irrigation areas 

♦ Combining the flood prevention and control with the comprehensive clean-up program for the key 

rivers in the western area 

♦ Soil and water conservation and oasis ecosystem rehabilitation projects 

♦ Urban flood control and reinforcement projects for disease reservoirs 

b) Poverty alleviation through integrated water resources development 

The input from central Government in water resources infrastructures construction has been 

continuously increased to the poor areas in the western regions, in particular in poverty alleviation and 
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water resources development programs. Since 1991, in order to help the poor areas solve their drinking 

water difficulties, the Central Government has allocated more than 5.5 billion RMB Yuan (including about 

4.4 billion RMB Yuan from the local governments), in constructing small and micro scale water resources 

works and drinking water supply projects, this has resulted in the drinking water problem of about 64 

million people in total. A total of 28.8 million kw can be generated from these small and medium 

hydropower stations upon their completion. The small hydropower stations can supply electricity for about 

25.2 million people. All these have strongly promoted the economic and social development in the remote 

and poor areas. The soil and water conservation, ecosystem rehabilitation, environmental protection, 

basic farmland construction and the increase of irrigation area have been widely developed, which has 

greatly improved the living and production conditions and ecological environment in the poor areas. 

Box 4 Rural hydropower construction in the counties without electricity in Tibet 

Since 1992, the Ministry of Water Resources has organized its subordinate river basin organizations 

and units to adopt the turn-key way from the design, investment, construction to completion of the project 

and then transfer for operation, a 320 m RMB yuan worth Rural Hydropower Station Program will be 

implemented in 10 counties which are rich in water resources but no electricity supply in the Tibet. A total 

of 8080 KW of power will be generated from these hydropower stations. The implementation of this 

program not only help about 10,000 households and 50,000 farmers and herdsmen with electricity history 

but also improves the their lives and productivity with great social, economic and environmental benefits. 

With the financial support from the Central Government, Tibet is now undertaking laying electric network 

in the rural towns and villages. 100 rural hydropower stations will be constructed within next 5 years in 

order to solve the power shortage problem for 100 m people. The coverage rate of power supply will then 

be increased to 60%.  

Box 5 The Thirsty Project in Guizhou Province 

The Guizhou Province is located in the inclined slope in the east part of the Yun-Gui Plateau. Over 

80% of the province is mountainous areas and 61.9% of karst topography. The unfavorable natural 

conditions, i.e. shortage of surface water, deep groundwater aquifer, have hindered the improvement of 

drinking water supply.  

Since 1997, Guizhou Province has carried out 30 water supply projects to solve the problem. With 

the financial support from the Central Government, 84.9 million RMB Yuan has been invested to construct 
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water diversion and hand-pump projects. Three kinds of small projects (small water cellar, small pool and 

small pond) have introduced in the areas without water source, which brought drinking water supply to 

3.55 million rural inhabitants. As a result, the overall drinking water supply and sanitation conditions have 

been greatly improved in Guizhou Province. 

c) Strengthening the International Cooperation in Poverty Alleviation 

Since 1994, the Chinese Government and the United Nations Children’s Fund have continuously 

developed the water supply and environmental sanitation cooperation project in two phases. Under the 

support of the United Nations, the Chinese Government has implemented the rural water supply and 

environmental sanitation improvement project in Yunnan, Shaanxi, Gansu, Xinjiang and Shanxi Provinces 

to solve the drinking water difficulty of farmers and herdsmen and improve the rural environmental 

sanitation and individual sanitary conditions. The United Nations Children’s Fund appointed experts to 

give free assistance to the implementation of the cooperation program, which makes the benefited areas 

gain very outstanding effectiveness in the aspects of the protection, rational development and utilization 

of water resources, the project management, the rural appearance, individual health, and social 

environment improvement. 

Special Column 6 Rural drinking water and environmental sanitation program by the United 

Nations Children’s Fund 

From 1994 to 2000, the Chinese Government and the United Nations Children’s Fund (Unicef) jointly 

launched cooperation programs in water supply and environmental sanitation. Unicef assisted the 

governments at local levels in formulating and implementing effective policies and measures in order to 

accelerate the progress in improvement of rural drinking water supply and environmental sanitation 

facilities. The program focused on poverty, water shortage and remote inhabitant areas, especially those 

areas with the shortage of oil and electricity, to popularize water, environmental sanitation and hygiene 

education. In accordance with the synchronous development mode, the deep-well handpumps with low-

cost, easy handling and durability have been installed to improve farmers drinking water conditions and 

then to improve environmental sanitation and personal hygiene, especially those of women and children. 

A total of financial input from Unicef was 7 million US dollars. The joint projects covered 14 counties in 6 

provinces and solved the drinking water difficulties of more than 600,000 people. 

2.3 Challenge 3: Securing food supply 
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2.3.1 Background 

China is a developing country and 2/3 of its population is engaging in agricultural activities. However, 

the problem in China remains that large population with limited cultivated farmland. The amount of per 

capita agricultural resources is much lower than the international average. The backward farmland water 

conservancy infrastructure facilities and low agricultural productivity have hindered the development of 

rural economy. The farmer’s income is still very low. The pastoral area, accounting for 44% of the total 

country’s area, is an area inhabited mainly by Chinese minority nationalities and is a grassland ecological 

area. The harsh natural conditions, such as arid weather pattern, wind and sand-storm have seriously 

restricted the economic development in these areas. 

2.3.2 Action and achievement 

a) Developing the physical construction of farmland water conservancy works and continuously 

enhancing the agricultural production capability 

The Chinese Government is making effort in mobilizing and organizing farmers and masses to widely 

reinforce the physical construction of farmland water conservancy works, irrigation projects, to reclaim 

saline-alkaline, water-logging, and middle- and low-yield farmland, to harness middle and small rivers, to 

develop the rural water supply, to popularize the water-saving irrigation, in order to enhance the capacity 

of agriculture against natural disasters. Since 1991, in the physical construction of farmland water 

conservancy works involved with more than 70 billion labor-days have been in total in the whole country. 

The earth-rock project quantities of over 87 billion cubic meters have been completed. The irrigation area 

of 5.33 million ha has been increased and that of 44 million ha has been improved. The water logging 

drainage area of ten million ha has been increased and improved. The middle- and low-yield farmland of 

15 million ha has been reclaimed. All these have enhanced the comprehensive production capability of 

farmland and improved the lives and productivity and ecological environment of farmers and herdsmen. 

About 80% of the total country’s agricultural and animal husbandry products are produced in the irrigation 

farmland in less than half of the total country’s cultivated area. All these have strong impacts on the 

increasing of agricultural yield, farmer’s income and the sustainable development of rural economy. 

Box 7 Construction of water conservancy works for the modernization and garden-style 

cultivation of farmland 

With the continuous deepening of the reform and opening to the outside and the rapid development 
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of rural economy, the construction of farmland water conservancy works in the coastal regions with the 

developed economy has entered a new stage of 

comprehensive development. It has shift from only 

serving for agriculture into serving for the whole 

national economy, and from only stressing on social 

benefits into considering all aspects of social, economic 

and environmental benefits, which combines properly 

the construction of farmland water conservancy work 

with the rural economic development, rural road construction and rural modernization construction. The 

problems concerning ditches, canals, farmlands, forests and roads have been tackled in an overall plan 

and the construction of the garden-style cultivation of modern farmland has been quickened in order to 

make it become important material base of rural modernization. The construction of farmland with high 

standard has focused on the farmland standardization, ditch and canal lining, farmland garden-style 

cultivation, the construction of sand-rock roads, and the installation high-effective facilities. The hydraulic 

structures such as canals, gates and pump stations will be built into the first-class works in accordance 

with the requirements of scientific design, the advanced technology, rational structure, easy management, 

perfect functions, beautiful appearance, diversified styles, making them have the characteristics of the 

supra-class awareness and the trend of our times. 

b) Strengthening the construction of water resources projects in the arid and water-shortage areas to 

improve productivity 

The Chinese Government has paid great attention to the construction of water resources projects in 

arid and water-shortage areas. The National Planning of Water Resources Development in Pastoral Area 

and the National Development Planning of Rainwater Collection, Storage and Utilization in the Tenth 

Five-Year Plan have been formulated and implemented. In 2010, the Government issued the technical 

specifications on rainwater collection, storage and utilization, water resources development and irrigation 

in pastoral area, water-saving, and soil and water conservation. Meanwhile governments organized 

technicians to go to the countryside to offer technical assistance to the farmers. The pilot programs have 

been conducted for pastoral water conservancy development and rainwater harvesting, storage and 

utilization. These programs provided good experience for the sustainable development and utilization of 



30 

water resources in the arid area. To end of 1992, more than 12 million units of small- and micro-sized 

rainwater harvesting, storage and utilization such as water pool, water cellar, water cabinet, small pond 

and dike, etc., have been completed in the whole country, with the total storage volume of 16.0 billion 

cubic meters. Meanwhile about 380 thousand square kilometers of soil erosion area have been treated 

and more than hundred million rural persons of drinking water problems have been solved. By solving the 

drinking water problems and implementing water supplement irrigation for fighting dry and protecting 

seedlings, we have provided the water resources which required for 30 million people, laid a foundation 

for the poverty alleviation of masses in the arid and water shortage area, thus the sustainable 

development of local economy and society become possible. 

Box 8 Rainwater harvesting and water-saving irrigation project 

The rainwater collection and water-saving irrigation project is to construct small land micro-sized 

water conservancy works to collect, store rainwater to develop water-saving irrigation in the serious 

drought areas. The rainwater collection and storage projects not only meet the demands of the drinking 

water supply for people and livestock, of production uses in the areas short of water, but also can help to 

adjust the agricultural structure. High-efficiency and economic crops have been experimented by the 

farmers in the areas where water is extremely scarce. In some dry hilly areas in Sichuan Province, a lot of 

households use such projects to start to plant vegetables and fruits, or use the storage ponds to breed 

fishes and raise ducks. Some households also use it in the pig and chicken farms and producing soy 

sauce and vinegar, which gains good economic benefits. After the needs for food and clothing have been 

met, farmers gradually stopped agricultural cultivation activities on the hillside and started to plant 

grasses and forests. The rainwater collection and water-saving irrigation project has effectively improved 

the ecological environment in the mountainous area. 

c) Developing the rural water supply 

The rural water supply program is mainly for villagers, but small cities and towns inhabitants are also 

included. Since 1992, more than 13,000 rural water supply projects have been completed in the whole 

country, which has increased water supply capacity to 3000 cubic meters per day. Besides the progress 

made in the construction of water supply works for villages and towns, the drainage schemes and water-

saving infrastructures have been constructed in order to protect and control water pollution in small cities 

and towns in the course of urbanization in China. Large numbers of farmers are now have access to 
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improved water supply from these projects. 

Box 9 Strengthening the construction of water resources works in the pastoral area to promote its 

sustainable development 

In 2000, the water supply capacity of water resources development and utilization in 22 the pastoral 

area in China was 35.3 billion cubic meters and more than 1.12 million water conservancy works such as 

reservoirs, hydropower stations, and irrigation, drainage and water supply schemes have been built. The 

herbage irrigation area of 890 thousand km
2
 has been developed in total, among which there are 550 

thousand km
2
 of the irrigation area for forage grasses and 340 thousand km

2
 for natural grasslands, 

which increases 510.7 billion kg of forage grasses. These projects have solved the drinking water 

problem for about 20 million persons and 66 million livestock, developed 120 thousand km
2
 of grasslands 

with the shortage of water and improved the water supply of grasslands with the total area of 60 thousand 

km
2
. The development of water resources has laid a sound foundation for the economic development and 

social progress in the pastoral areas. 

2.4 Challenge 4: Rural hydropower development 

2.4.1 Background 

China ranks the first in the world in hydropower resources. The exploitable amount of middle and 

small hydropower resources is 87 million kW, which ranks the first in the world as well. The middle and 

small hydropower resources are distributed in 1600 counties in the mountainous and remote areas in the 

minority regions in the western region. These regions are vast in land, but few populations, it is a difficult 

task to cover scattered population with power network. 

The small hydropower schemes can meet the needs of power supply of the scattered population 

which have the advantages such as local power network connection, local power supply, proper scale, 

smaller investment, shorter construction period, lower construction cost which proved to be the ideal 

alternative solution for the economic development in these areas. The small hydropower schemes can 

easily be fit into the development plan of local governments and any new investment plans by the 

collective, enterprises and even individuals. 

2.4.2 Action and achievement 

a) Developing the rural hydropower to construct the primary electrification county of rural hydropower 

The Chinese Government has formulated the power development policy of the ”simultaneous 
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development of hydropower and thermal power but the priority in the hydropower”, adjusted strongly the 

structures of energy production and consumption, and enhanced continuously the proportion of 

hydropower and other clear powers to the whole power grid. Since 1991, the annual power output in 

China has increased from 621.2 billion kWh to 1239.3 billion kWh, among which the annual hydropower 

output is 200.0 billion kWh. In the yield of hydropower, 80 billion kWh power yield is from the small 

hydropower station. By the end of 2000, the total installed capacity 23 in the whole country is 77 million 

kW, among which there are 24.8 million kW of the installed capacity from small hydropower stations. 653 

primary electrification counties of rural hydropower have been completed. The power for 800 counties in 

China is mainly supplied by small hydropower stations and their power grids. The small hydropower 

stations provide cheap power for the remote mountainous areas and minority nationality areas. 

Box 10 The construction of primary electrification county of rural hydropower 

As of the end of 2000, China has constructed and completed 653 primary electrification counties of 

rural hydropower, involved in the population of 252 million and the area of 2.74 million square kilometers. 

Among them, 82% of such counties are located in the middle and central regions of China, more than 200 

counties belong to minority nationality county and more than 100 counties located in the border areas. 

The construction of the primary electrification county of rural hydropower has promoted the economic and 

social development in the poor regions. The GDP, financial revenue, farmer’s pure income and power 

consumption per capita in the completed primary 

electrification counties all have realized the goal of doubling 

them within 5 years and quadrupling them within 10 years”, 

showing that their development speed is obviously higher 

than that of the country’s average. In 1999, the taxes paid 

by the hydropower enterprises in the electrification counties 

in the whole country accounted for 8.8% of the county’s 

total financial revenue. From 1995 to 2000, the GDP in 335 

completed primary electrification counties increased from 234.5 billion RMB Yuan to 477.8 billion RMB 

Yuan, with the annual increase rate of 15.3%. Such increase rate is double higher than the country’s 

average. The annual average pure income per farmer increased from 1082 RMB Yuan to 1914 RMB 

Yuan, increasing 8.1% per year in average that is 2.7% higher than the country’s average. The 
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construction of the primary electrification county of rural hydropower has increased the income of the 

farmers in the poor areas, quickened the pace of poverty alleviation, promoted the construction of small 

towns and small market towns and shifted about 30 million surplus labors into the second or third industry. 

b) The middle and small hydropower has driven the rural economic development and promoted the 

improvement of ecological environment 

The construction of the rural electrification county of small hydropower has driven the progress of 

industrialization and urbanization and promoted the adjustment of local economic structure. According to 

the statistics, in the primary electrification counties of rural hydropower, the proportion of industrial 

production to the local GDP is 33% higher than that before the electrification, which transfers a lot of 

agricultural surplus labors into the second or third industry and quickens the progress of urbanization. In 

2000, the small hydropower output in China is equivalent to 30 million tons of standard coal so that it 

reduces the emission of carbon dioxide of 72 million tons and other pernicious gases. Through taking the 

measure of “replacing firewood by electricity”, about 20 million households in the areas powered by small 

hydropower stations adopts electric power cooking so that it reduces the felling of forest, saving the 

woods of about 9 million cubic meters annually. The forest coverage in the primary electrification counties 

of rural hydropower increases near 10% in average in the past 15 years, about 6% higher than that of the 

country. The construction of rural small hydropower works has promoted the rehabilitation and protection 

of ecological environment. 

c) Strengthening the international cooperation of middle and small hydropower development 

The Chinese Government has actively carried out the international cooperation of hydropower 

resources development, especially in rural small hydropower construction, organized and attended the 

multilateral or bilateral international meeting on small hydropower many times, participated in the 

construction of several hundreds of small hydropower stations in more than 50 countries, exported the 

technologies and equipment related to the small hydropower construction, and provided training courses 

for several thousands of small hydropower experts in over 60 countries and regions. In view of the 

achievements of the small hydropower construction in China, the United Nations has set up the 

Secretariat of International Small Hydropower Network and International Center on Small Hydropower in 

Hangzhou, China. China has contributed to promoting the development of international small hydropower. 

Box 11 International Center on Small Hydropower 
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In the aspects of the development of small hydropower, the construction of rural electrification with 

Chinese characteristics, the poverty alleviation and environment protection and the realization of 

sustainable development, China has won highly appraisal and praise from international society. Many 

countries in the world including the developed countries in Europe and America also have actively spread 

the Chinese experience on developing small 

hydropower. For this reason, with the consent of 

Chinese Government, the United Nations 

Industrial Development Organization has set up 

the International Center on Small Hydropower in 

Hangzhou, China. This Center becomes the first organization in China within the legal 25 framework of 

the United Nations. 146 government and international organizations in the world have taken part in the 

International Small Hydropower Network. 

2.5 Challenge 5: Governing water wisely 

2.5.1 Background 

Due to the unmatched distributions of its water resources and cultivated land, population and 

economy, China has a severe regional water shortage, especially in Northern China where the 

contradiction between supply and demand of water resources is highly prominent. Irrational development 

and utilization of water resources, water waste, water pollution and etc. in some regions are further 

sharpening the contradiction. 

With population growth, economic and social development, urbanization progress and living quality 

improvement, water demand will be increasing and people will set a still higher demand on water quantity 

and quality. As a result, the contradiction between water supply and demand will be more sharpened and 

water resources have become the major constrain in realizing the strategy of sustainable development. 

The sustainable use of water resources is one of the major issues for economic and social sustainable 

development. A rational utilization, an optimized disposition, highly efficient use, effective protection and 

scientific management of water resources must be implemented with a view to the guarantee of the 

sustainable utilization of water resources for the economic and social sustainable development. 

2.5.2 Action and achievement 

a) Studying and Formulating the General Strategy of Sustainable Water Resources Utilization and 



35 

Comprehensive Planning 

After United Nations Conference on Environment and Development held in 1992, the Ministry of 

Water Resources, PRC, under the guide of “China’s Agenda 21”, formulated “China Water Resources 

Agenda 21” in 1997 and “National Medium-and Long-term Planning for Water Supply and Demand” on 

the basis of China Water Resources Utilization put forward in early 1980s. A research on “The Strategy of 

China Water Resources Sustainable Development” was carried out in 1999. “The Tenth Five-year Plan 

and the Year 2010 Plan for National Water Resources Development” was formulated in 2001, meanwhile 

other national, basin and regional plans, such as “Outline of National Water Saving Plan for 2000-2010”, 

“National Agriculture Water Saving Plan for 2000-2010”, “National Plan for Ground Water Exploitation and 

Utilization”, “Water Resources Protection Plan for 7 Major Basins”, “An Overall Plan for Water Resources 

in Northern Areas”, “Haihe Basin Water Resources Plan” and “Sustainable Utilization Plan for Capital 

Water Resources in the Early 21st Century” were formulated. The overall objective and orientation, tasks 

and focal points as well as countermeasures and measures for sustainable use of water resources were 

proposed and woks in exploitation, utilization, regulation, disposition, conservation and protection of water 

resources have been arranged in an all-round way. Intensified management of water resources planning, 

and coordination and supervision in process of its implementation have assured its smooth 

implementation. Intensified comprehensive improvement for basins and regions has promoted the raising 

of the whole level of sustainable water resources utilization. 

Box 12 Countermeasures and Measures of Sustainable Water Resources Utilization 

A) Strategy 

♦ Optimized disposition of water resources 

♦ Effective protection of water resources 

♦ Highly efficient use of water resources 

♦ Rational exploitation of water resources 

♦ Scientific management of water resources 

♦ Comprehensive control on water resources 

B) Countermeasures 

♦ Integrated planning, rational exploitation, comprehensive utilization and coordinating development 

♦ Implementing integrated management of water resources 



36 

♦ Reforming management system for water resources 

♦ Establishing a rationally pricing mechanism 

♦ Increasing funding for sustainable water resources utilization 

♦ Improving water law and regulations 

♦ Promoting sustainable water resources utilization through scientific and technological innovation 

b) Perfecting Water Governance System 

Chinese Government successively promulgated “Water Law”, “Law on Water and Soil Conservation”, 

“Flood Control Law”, “Regulations for River Management”, “Industrial Policy for Water Conservancy” and 

etc, and revised “Water Pollution Prevention Law” and “Water Law”, was revising “Implementing Method 

of Water Withdrawal Permission System”. 

Chinese Government established the National Water Saving Office in 1998 with a view to strengthen 

the work for water saving across the country. In order to further improve the system of water law and 

regulations, China is now speeding up the following works: formulating planning approval document 

regulation; water management system for the combination of total amount-control and quota-based 

management; “three simultaneousness” system for a construction project (water saving facilities in a 

construction project must be designed, constructed and put into operation simultaneously with the 

principal part of the project); water consumption metering system; the system of penalty pricing for excess 

over the planned water amount; the system of compulsive elimination for technologies and equipment 

with high water consumption and of popularizing water saving facilities; and demarcating different function 

areas; identifying water quality standards for water zones; restricting total amount of pollutant discharge 

into water areas. 

China is to intensify the standardization of water administrative supervision, speed up the progress of 

water law enforcement system, improve a supervision mechanism, standardize water actions, build up a 

contingent of water administrative personnel for law enforcement with high efficiency, justice and honest, 

complete the network of law enforcement by water administration, reinforce means of law enforcement so 

as to enhance law enforcement level. Sustainable water resources utilization of China has stepped into 

the rail of legal system. 

c) Strategy for Increasing Water-use Efficiency and Saving Water 

Chinese government sticks to the policy of attaching equal importance to the development and 
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conservation and the protection of water resources, put water saving on very important position, regard 

raising water-use efficiency as its core, popularize various water-saving measures, develop water-saving 

industry and set up water-saving society. 

China defined popularization of water saving irrigation as a revolutionary measure and made a 

breakthrough advance in agriculture water saving. During 1996-2000, 668 pilot water-saving irrigation 

projects were constructed in 300 demonstration counties and 217 large-sized and 50 medium-sized 

irrigation districts were updated and supplemented with auxiliary projects with water saving at the center, 

increasing water-saving irrigation area of 8,000,000 ha with an accumulative total of 16,670,000 ha. 

Under the condition that total agriculture water consumption kept basically unchanged, the irrigated land 

area of 800,000 ha was increased annually. Water consumption per hectare dropped from 8,000m
3
 in 

1993 to 6,500m
3
 in 2000. 

Through readjusting production structure and taking water saving measures, water consumption per 

industrial output of 10,000 yuan reduced from 1,920 m
3
 in 1993 to 680 m

3
 in 1999 and the rate of 

industrial water recycling increased from 45% in 1993 to 55% in 2000. Through raising urban water price, 

modifying pipe network, popularizing water-saving facilities and installing metering facilities and etc, water 

loss and waste were gradually reduced and saved water accumulated more than 10 billion m
3
 in cities 

across the country from 1996 to 2000. 

Box 13 Water-saving Irrigation Project in Gannan County, Heilongjiang Province 

Gannan County is in severe arid area of western Heilongjiang Province and a poverty country aided 

by the State as its priority. In 1996, Gannan County was defined as a demonstration water-saving county 

and county government proposed a strategy of “vitalizing county through water saving” in which 

development of water-saving irrigation was regarded as a strategic priority for promoting economic 

development of the county. The historical technical revolution from traditional flooding irrigation to water-

saving irrigation was started in Gannan County. Up to 2000, total investment in the county was 135 

million yuan and irrigation wells of 26000 were drilled and sprinkler irrigation systems of 6820 were 

installed with an irrigated land area of 75000 ha, accounting for 42.5% of the total irrigated land in 

Gannan County. Sprinkling irrigation systems covered the whole arid land of 75 villages in 6 towns. 

Water-saving irrigation has promoted the sustainable water resources utilization and rapid development 

of local economy. 100 million m
3
 water was annually saved in Gannan County and effectively eased the 
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restraint of water shortage on agriculture production. Gannan County got a harvest in dry year of 2000 

with total agricultural output of 800 million yuan and per capital income of 2260 yuan compared with that 

of 680 million yuan and 1580 yuan in 1999. At the same time, special agriculture, green agriculture and 

etc came into being with the guarantee of water-saving irrigation and steadily developed, greatly 

accelerating the pace of farmer income increase. 

d) Strategy for Water Resources Protection 

According to the features of rivers in China and requirements of social and economic development 

on the allocation and protection of basin water resources, the Chinese Government has scientifically 

demarcated water function areas; implemented regional management; gave priority protection to water 

sources; carried out supervision and control on effluent outlets; monitored water quality and quantity in 

rivers and water zones; periodically published water quality 

conditions of drinking sources and major rivers so as to the public 

supervision. Since 1994, water pollution prevention projects in the 

Huaihe, Liaohe and Haihe rivers (three rivers in brief), and the 

Taihu, Dianchi and chaohu lakes (three lakes in brief) have been 

constructed, thus intensifying comprehensive prevention of water 

pollution in major rivers and water areas. China Government 

promulgated appropriate law and regulations, formulated 

implementing planning and set the target for total discharge 

pollutant control in rivers and water areas, exercised maximum 

discharge permission to major cities and towns and effluent outlets, enclosed a great number of small 

enterprises with serious pollution, such as paper mills, fertilizer factories and etc. Chinese Government 

required all industrial enterprises to reach the standards on effluent discharges. Deterioration of water 

quality in “three rivers and three lakes” has been initially controlled and that in their local areas has been 

improved. 

Chinese Government organized and formulated “National Planning for Groundwater Resources 

Utilization” and delimited over-exploitation areas of groundwater and intensified protection and 

management of these areas. Local government also formulated appropriate management measures, 

such as readjusting structure of water consumption, constructing substituted water sources, recharging 
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groundwater artificially and etc, which basically controlled the continuous over-exploitation of groundwater. 

Box 14 Action for the Protection of Fountains in Jinan City, Shandong Province 

Jinan City, Shandong Province is famous for “a city of fountain”. Due to over-exploitation of 

groundwater, group fountains with Batuquan Fountain as the typical ceased running and an interval 

between runnings was getting longer in recent years. Famous Batuquan Fountain stopped running in 

March 1999. These made a great influence on industrial production and people’s life in Jinan, Shandong 

Province, thus enormously restricting social and economic development and the unique characteristic of 

‘the city of fountain’ will gradually disappear. Therefore, the government of Jinan City adopted the 

following measures: intensifying the unified management of water resources; checking and ratifying 

licenses for water withdrawal; enclosing wells within the city proper; reasonably distributing surface and 

ground water through coordinated operation of reservoirs; intercepting rain and flood for recharging and 

etc. These measures lead to group fountains running again after stopping for two years. 

e) Raising water security and rationally developing water resources 

Since 1992, China has built a great number of key water resource projects. Among them, Xiaolangdi 

Multipurpose Project at downstream of the Yellow River has been completed and has played an important 

role in ensuring the flood prevention, sediment flushing, hydropower, water supply and improving 

ecological environment in the lower reach of the Yellow River. Emergent diverting water from Yellow 

River to Tianjin, serious water shortage, was carried out in 2000, ensuring the domestic water 

consumption in urban area and industrial water consumption basically. Some inter-basin water transfer 

projects has been built, such as diverting water from Biliuhe River to Dalian, diverting water from 

Songhuajiang River to Changchun, diverting water from Datonghe River to Qinwangchuan have been 

built. A great number of running water plants in urban areas have been extended and many drinking 

water projects in town and rural areas have been constructed with newly increase of annual water supply 

capacity by 70 billion m
3
. The further increase on capacity of flood control and water supply in urban and 

rural areas will give strong supports to the rapid and healthy development of national economy. 

Box 15 Xiaolangdi Multipurpose Project on the Yellow River 

Xiaolangdi Multipurpose Project located in the main stream of the Yellow River, 40km north of 

Luoyang City of Henan Province. With catchment area of 694,000 km
2
, comprising 92.3% of the Yellow 

River Basin, it has storage capacity of 12.65 billion m
3
, install capability of 1800MW. The comprehensive 
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functions were as following: preventing flood and ice run, lessening silt, supplying and irrigating water and 

generating electricity. After the construction of the project, it will bring about the following benefits: 

increasing the flood control standard in the lower reach from a 60-year event to a 1000-year event. It is 

expected to free the lower reach of the Yellow River from the menace of ice run. The river course will not 

be elevated by siltation in 20 years by impounding clean water and draining turbid water, blocking off 

sediment by sediment control capacity. In this way, about 2 billion m
3
 of water can be added for 

reallocation so as to improve downstream irrigation and urban water supply. The annual mean generation 

is about 5 billion kWh. The constructing stage of Xiaolangdi Project was eight years. The civil construction 

of main works was adopted by the system of international bidding, the construction was managed in 

accordance with international common practice. The construction of the main works commenced in 

September 1994. The river closure was realized in October 1997, water storage in downstream gate 

chamber was in October 1999, the first unit went into operation in January 2000. The main works 

completed at the end of 2000. 

f) Integrated management and integrated dispatching of rivers in North China winning initial success 

The water interception of the Yellow River is concerned by people home and aboard. Since 1992, 

consecutive 8 years of water interception happened in the river course in the lower reach of the Yellow 

River. The most serious year was 1997, with the time of water interception of 226 days. So, the 

government approved “Annual Allocation Plan on Water Supply in Main Stream of Yellow River” and 

“Management Procedure on Water Dispatching in the Main Stream of the Yellow River”. Integrated 

management and dispatching of water resource commenced to be carried out throughout the river in 

1999. No water interception up in the main stream of the Yellow River throughout the year was realized, 

which was seriously drought in North China in 2000. Heihe River is an inland river in West China, with 

catchment area over 140,000 km
2
. The upper and middle reach are in Qinghai Province and Gansu 

Province, the lower reach in Inner Mongolia Autonomous Region. The river basin is short of water 

resource. Due to more water consumption in the middle reach for a long time, the ecological environment 

in the downstream became more serious. So, the central government set up the Management 

Administration of Heihe Basin in 1999. Integrated management and integrated dispatching of water 

resource in the river basin was carried out. The plan of allocation of water resource between provinces 

was implemented in 2000. After that, the contradiction of supply and demand of water resource between 
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upper and lower reach was solved preliminarily, creating the condition to improve the ecological 

environment in the rive basin. 

Tarim River is the largest inland river of the country, with the catchment area of 1.02 million km
2
, but 

runoff is relatively small. After the large-scale development in the upper reach, water flowed into the main 

stream was reduced, the 320-km-long section of the lower reaches of the river commenced to run dry. 

Large areas of Popular Diversifolias were dead along the river, resulting in spreading of desertification 

and increment of sandstorm. So, Xinjiang Uygur Autonomous Region government set up the 

Administrative Bureau of the Tarim River, in charge of integrate plan and integrate dispatching and 

management of water resource. From May 2000, Tarim River has succeeded in diverting water into green 

corridor downstream three times. And a total of 1.3 billion m3 water has been released from Bositeng 

Lake, and provided more than 700 million m
3
 of water through Daxihaizi Reservoir for the ecological 

purpose. At present, the water has flowed into the terminal lake-Taitema Lake in the Tarim River, and 

formed a lake with surface area of 6 km
2
. The history that the 320-km-long section of the lower reaches of 

the river and the terminal lake-Taitema Lake dried up during recent 30 years was terminated. As a result, 

the underground water table at green corridor has risen by 3-5m, the Popular Diversifolia in the area of 

about 600 km
2
 along the lower course has obtained water supplement and freshen with vigour, and the 

waterfowls have also come back. People called these activities of improving ecological environment as 

Green Ode. 

Box 16 Project for Comprehensively harnessing Tarim River in Xinjiang for Ecological Prurpose 

Tarim River is the largest inland river in China with total length in main cannel of 1321km. There is no 

runoff in the main stream of Tarim River, and it is supplemented by head sources, such as Hotan River, 

Yarkant River Kaxgar River Aksu River Ogan River Kaidu River, Kongqi River, etc. Since 1969, the 320-

km-long section of the lower reaches of the river commenced to run dry, the terminal lake-Taitman Lake 

dried up in 1972, the terminal lake-Lopu Lake of the lower reach of the Peafowl River dried up in 1958. 

The underground water table lowed from 3m in 1970s to 12m due to the water interception, below the 

limited water level, which the Popular Diversifolia could live. So, extensive Popular Diversifolias were 

dead. The area of the Popular Diversifolia reduced from 54,000ha in 1950s to 7000ha. Days with wind 

and sand increased from 42 days in 1960s to more than 130 days and days with sandstorm from 1 day to 

6 days. The central government paid great attention to ecological environment in Tarim River. Related 
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leaders and experts has investigated the Tarim River Basin for many times, studying the control 

measures and proposing to carry out measure of comprehensive treatment in Tarim River Basin. The 

Sate Council approved “Immediate-Term Plan on Comprehensive Improvement in Tarim River Basin” 

worked by Xinjiang Autonomous Government and the Ministry of Water Resource. Of which, the 

Improvement Project I has been approved and initiated to construct. The Improvement Project I includes 

construction of flood prevent dike, constructing ecological gate, desilting the river course, laying the 

desert road, water saving irrigation, construction of ecology and diverting water to lower reach of the river. 

g) Water resource development projects in West China 

Vulnerable nature ecology, serious water shortage in West China is the main natural causes of 

impoverishment. The implementation of strategy of 

“Developing West China greatly” promotes strongly on 

the progress of water resource development in West 

China. As a result, a great deal of key water resource 

projects, such as Wuluwati Project in Xinjiang , Manla 

Project in Tibet, Hequan Project in Qinghai Province, 

Changma Project in Gansu Province, Wangerhe project 

in Guizhou Province, etc. and Ningxia Diversion Project (Pumping water from Yellow River for irrigation to 

mountainous areas in the sough of Ningxia Autonomous Region), have been built one after another and 

played a big role. The construction of these projects promoted greatly local economic and social 

development and created favorable conditions for eliminating poverty, improving ecological environment 

and strengthening the unity of various nationalities in West China. 

Box.17  Manla Project in Tibet Autonomous Region 

Manla Municipal Project is a large sized water project aided by the central government for the 30th 

anniversary of the founding of Tibet Autonomous Region with marked comprehensive benefits and 

greatest investment in a lump sum. It has multi-function on irrigation, power generation, flood control and 

tourist. Its reservoir has total volume of 155 million m
3
. Its power station has an install capacity of 20MW, 

annual generation of 61 million kWh. It costs about 1.4 billion RMB. After completion, it could irrigate 

farmland of 16700 ha and improve people’s living condition, and raise the flood control standard in the 

Gyaugze, Bainang and Xigaze regions, eliminate the energy shortage in Xigaze region. It has extreme 
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significance for stimulating economic development and social progress in Tibet. The construction of 

Manla Project commenced in August 1995, and completed in November 2000. After acceptance of work 

in August 2001, the project went into operation. In August 2000, the project succeeded in preventing the 

flood with a 1000-year event when it was not completed, and gave the benefit of flood control. 

h) Active in international activity and cooperation in the fields of sustainable water resource 

development 

Chinese government still regarded flood control, sustainable utilization of water resource as key 

factor in international cooperation, taking part in international important activity actively. Since 1993, 

large-scale commemorative activity for celebrating World Water Day was held every year in China. And 

especially the 4
th
 World Water Day in 1996, the main meeting-place of commemorative activity was set up 

in Beijing by United Nations. Chinese Government often organizes missions to attend international 

conference and activity on water and sustainable development and the development of infrastructure, 

which are sponsored by the Unite Nations, international organizations and regional organizations in Asia 

and Pacific region. Central government organized experts and scholars to attend international conference 

on water resource, hydrology, large dam, irrigation and drainage, small hydropower, water science, etc. 

China has held a number of important international water activities, such as the conference of Executive 

Council of International Committee on Irrigation and Drainage, International Conference on Hydrology 

Science, International Conference on Water Project and Science, Conference on the sediment control 

and basin management, International Conference on Large Dam, International Conference on Small 

Hydropower and International Water Exhibition. 

China is the member of over 40 international governmental and non-governmental water 

organizations, such as International Committee on Irrigation and Drainage, International Water Resource 

Association, International Committee on Hydrology Science, the World Water Council, International Small 

Hydropower Center, International Water Association, etc. She has carried out the cooperation on 

sustainable utilization of water resources with some relative organization of United Nations, international 

financial organizations and many countries. She has successively implemented some cooperative 

projects with United Nations Development Program, United Nations Environment Program, Children 

Foundation, Food and Agriculture Organization of the United Nation, such as Master Plan of Water 

Resources in North Xinjiang, study on the Management of Water Resources in North China, study on the 
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Management of Huaihe River basin, Rural Water Supply and Environmental Sanitation, development of 

the Pilot Area Adopting New Irrigation Technology in the Arid Northwest China. She has also completed 

study on the Action of Water Sector in the Yellow River, Huaihe River and Haihe River Basins with World 

Bank, Water Sector Development Strategy in China and Plan of Water Resources Development in North 

Hainan with Asia Development Bank. The bilateral cooperation and exchange with Japan, France, 

Germany, Netherlands, Greece, Canada, Finland, South Korea, Italy and UK and others on water 

resources and water environment has been carried out. The International Conference on Safeguard for 

Metropolis Sustainable Water Resource Early in the 21 Century was held in Tianjin, and “the Tianjin 

Pronunciation” was issued. 

The central government and relative departments tried to widen the channel of international 

cooperation and communication, study, introduce, digest and absorb the international advanced 

technology and management experience on sustainable utilization of water resource, which promoted to 

improve the level of sustainable utilization of water resource. 

Box 18 Tianjin Declaration on Metropolis Sustainable Development in the Early 21
st

 Century 

(abstract) 

The International Conference on Sustainable Development of Mega-cities in the Early 21st Century 

was jointly held by the Chinese Ministry of Water Resource, Beijing Municipal Government, Tianjin 

Municipal Government and Brandenburg Sate Government of German during May 8 to 10, 2000. Eight 

appeals put forward at the conference were as followings:  

♦ Solving the problem of urban water shortage from the strategy view of economic and social 

sustainable development and sustainable utilization of water resource. 

♦ Changing the manner of acquiring resource from the nature immoderately to coexistence between 

human and nature harmoniously. 

♦ Adjusting old economic system from the view of economic and social sustainable development and 

sustainable utilization of water resource, from the view of deepening restructuring the system and 

straightening production relation. 

♦ Depending on technology innovation, popularizing water saving measures greatly, modifying 

current water facilities, production patter of the enterprises and controlling wastewater discharge central 

on water saving. 
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♦ Carrying out integrated management of water resource in river basins and regions, establishing 

authoritative, effective and harmonious management system on water resource. 

♦ Emphasizing the water control and water management according to the law. 

♦ Carrying out water diversion projects be imperative under the situation. 

♦ Strengthening the international cooperation and communication further more. 

i) Promote public participation 

Chinese Government has paid great attention to the propaganda and education of sustainable 

development. The idea on sustainable development has been extensively accepted and struck root in the 

hearts of the people, enhancing the positivity of public participation to the sustainable development. The 

Environment Resource Committee of the National People’s Congress has organized 9 activities of “China 

Environment Protection Century Tour”. The Chinese Academy of Engineering organized forty-three 

academicians of the Chinese Academy of Sciences and Chinese Academy of Engineering and 300 senior 

experts to carry out strategy investigation of sustainable utilization of water resource, and propose the 

“Strategy Report on China Sustainable Development of Water Resource”. With the close cooperation of 

tens of investigation institutes and universities and related departments, they have carried out key 

research on “Sustainable Development of Water Resource in Yellow River” and “Reasonable Water 

Utilization in Northwest Region” for 10 years. They also organized the technicians actively to go to the 

countryside to promote efficient water utilization and sustainable utilization. The National Women’s 

Organization and other departments launched activities throughout the country, such as “Protecting 

Mother River” and “Protecting the Source of Yangtze River, Yellow River and Lancang River”. Treasuring 

water, taking good care of water, saving and protecting water resources, protecting environment, and 

preventing and controlling water pollution have gradually become the conscious actions of the people. 

2.6 Challenge 6: Soil and water conservation 

2.6.1 Background 

China is one of the countries that have the most serious problems of water and soil erosion in the 

world. The area of soil erosion in China is 3.67 million km2, accounting for 38 percent of country’s total 

territory. Of the total, the water erosion area is 1.79 million km
2
 and the wind erosion area is 1.88 million 

km2. The loess plateau is serious regions of soil erosion in China, sediment in Yellow River come mainly 

from this region. The soil erosion create land resource destruction, aggravate flood and drought and sand 
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storm disasters .It seriously restrict the sustainable development of society and economy in China .Water 

and soil erosion has become the top environmental problem in China. 

2.6.2 Action and achievement 

a) Issue and implement Water and Soil Conservation Law, Controlling water and soil erosion in 

accordance with law and regulations 

The Water and Soil Conservation work are regard as a basic national policy by Chinese Government. 

In 1991, the Water and Soil Conservation Law of People’s Republic of China was issued by Chinese 

Government, systems of supporting regulation and supervision and enforcement of the Law have been 

established basically in the whole country, supporting relevant regulations have been issued in every 

region. 

b) Formulating plans on water and soil conservation and ecological environment rehabilitation, 

determining control objective 

In 1993, Chinese Government approved the first National Program for Water and soil Conservation 

Planning. It has clearly determined the objectives of comprehensive control of water and soil erosion that 

should be completed in 1990s. National Plan of Ecological Environment Rehabilitation approved in 1998 

has provided full strategic arrangements for the work of water and soil conservation and ecological 

environment rehabilitation in the whole country in the 21 century, raising to stress the key points, making 

more efforts and promoting the progress of the control of soil erosion, almost all the water and soil 

erosion will be treated in coming 30 years. 

c) Determining key control areas and promoting the progress of water and soil erosion control 

The key control areas of water and soil erosion that involve the sand and coarse sand area in Shanxi, 

Shaanxi and Inner Mongolia in the middle of Yellow River, the upper of Yangtze River, Three Gorges 

Reservoir area and main tributaries regions, the sandstorm zone at north of Great Wall ,particularly, 

sandstorm zone surround beijing-tianjing zone have been selected by Chinese Government and 

government determines to make more efforts on water and soil erosion control. Since 1992, Chinese 

government has controlled water and soil erosion area of 38000 km2 per year. 

Box 19 Key points of water and soil conservation and ecological rehabilitation 

♦ Water and soil erosion control in the upper reaches of Yangtze River and limestone regions; 

♦ Water and soil erosion control in the upper and middle reaches of Yellow River; 
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♦ Water and soil erosion control in the upper of other rivers; 

♦ Water and soil erosion control in sandstorm and grassland zones; 

♦ Comprehensive control in inland river basins; 

♦ strengthen the monitoring and supervision of water and soil conservation, implement self-

rehabilitation project of natural environment. 

f) Setting up key prevention and protection areas and supervision areas of water and soil 

conservation, strengthening prevention and supervision of water and soil erosion 

The middle and upper of Yangtze River and Yellow River are determined as key areas, in these 

region, the prevention and protection works in river source area, main reservoir water sources area and 

slight soil erosion and good vegetation regions are strengthened, various activities of development and 

construction are rigidly restricted and water loss and soil erosion caused by human activities recently are 

firmly controlled. With the implementation of the Report System on Water and Soil Conservation Scheme 

for Development and Construction Projects, the domestic development and construction projects must 

carry out "three-simultaneousness"(that is, the design, construction and operation of water and soil 

conservation facilities of construction projects shall be simultaneous.) system, the supervision and 

inspection will be strengthened so that the possible water and soil erosion caused by human activities in 

the development and construction projects can be controlled and prevented. Since 1992, more than 

200,000 km
2
 slight water and soil erosion area were carried out prevention and protection, more than 

170,000 development and construction projects have carried out schemes report on water and soil 

conservation, according to expound and prove scheme carry out water and soil conservation 

rehabilitation and construction. 

Box 20 Water and Soil Conservation and Ecological Rehabilitation in Ulanqab League, Inner 

Mongolia 

Ulanqab League in Inner Mongolia has been a great beautiful pasture with abundant water and 

plentiful forage grass. With the increase of population and the deforestation and reclamation for 

agricultural cultivation, ecological environment is destroyed seriously. By 1994, 73.8 percent cultivated 

land with a total area of 1.6 million hectares was desertificated, 50 percent natural pasture was 

desertificated and degradated, and the area of soil loss accounted to 93 percent of total area. In order to 

curb the progress of ecological deterioration and eliminate poverty, the Government of Ulanqab League 
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combines the water and soil erosion control and ecological environment rehabilitation with basic farmland 

construction. From 1994, the strategy of "one-unit area construction, two-unit area withdrawal and three-

unit area return" was carried out for the development and utilization of soil resources. That is, after one 

mu of high-standard farmland was constructed, two mu of poor farmland in hillside will be withdrawn from 

cultivation, and three mu farmland will be returned to vegetation. By 2000, total 800,000 hectares of 

farmland returned to vegetation, about 1.56 million hectare of water and soil erosion area was controlled, 

accounting for 31 percent of total erosion area, and the rate of forest cover increased from 6.8 percent in 

1994 to 8.7 percent. The GDP, financial income, total crop product, average pure income of farmer and 

herdsman, and the payable income of citizen in urban area was increased by a hundred percent on the 

condition that the cultivated land area had reduced by fifty percent. 

e) Spreading experiences gained from the treatment of small watersheds and carrying out 

comprehensive control of water and soil conservation 

With a small watershed as a unit, a county as an agency and a household-responsibility contract 

system as a basis, the problems concerning mountains, rivers, farmland, forests and roads can be 

tackled in a comprehensive way. The engineering measures, biological control and farming practices with 

water storage and soil conservation have been adopted according to local conditions and in scientific plan 

in order to achieve comprehensive control. Since 1992, the comprehensive treatment of small watershed 

with household-responsibility-contract has been developed. With the development of control work of 

water and soil erosion, market mechanism has been adopted in every region, some reform measures 

such as auction of the use right, land leasing, shareholding cooperation and other ways have been taken, 

this speeds up the progress of the control of "four wastelands" (meaning barren mountainous area, gully 

area, hilly and shoaly land) resources control, various form job responsibility system of water and soil 

erosion control are wastelands" resources had been purchased, contracted, leased and shareholding 

cooperation by peasant household, staff and workers and entrepreneurs with a number more than 8.78 

million in the whole country ,about 127000 million km
2
 water and soil erosion lands had been preliminary 

treated. 

f) Accelerating the restoration of vegetation and improving ecological environment by giving play to 

the self-rehabilitation ability of natural environment 

Following natural law, insisting on the principle of "prevention first and protection priority", and giving 
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fully play to the self-rehabilitation ability of nature, the natural vegetation can be restored. The measures 

taken in this progress of restoration include closing hillsides to livestock grazing, forest reservation and 

rotate grazing, and returning farmland to vegetation. Great achievements had been obtained by 

conducting these measures in Jiangxi, Sichuan, Hubei and Guizhou Province in the upper and middle 

reaches of Yangtze River. At present, the vegetation in Shaanxi, Inner Mongolia, Hebei, Shanxi 

Province/Autonomous Region in North China and Tarim River and Hehe River basins which are 

undergoing serious soil erosion had been restored gradually after adopting closing hillside to livestock 

grazing and allocating ecological water use reasonably. 

Box 21 Ecological Restoration Project in Wuqi County, Shaanxi Province 

Wuqi County is located in the Northwest of Yan'an City, Shaanxi Province, and belongs to the 

transition zone of Loess Plateau rolling terrain and desert. The total population in this county is 120,000. 

The area of territory is 3,791 km
2
 and cultivated land area is 123,000 hectares. The area of water loss 

and soil erosion is 3,693 km
2
, accounting of 97 percent to total territory, and annual erosion modulus is 

about 15,700 tons per km
2
. It is one of the counties that have the most serious water loss and soil erosion 

in Loess Plateau. Since 1998, according to local conditions, local government formulated an ecological 

rehabilitation plan with emphasis of "closing hillsides to 

livestock grazing, raising sheep in circled sheepfold and 

making great efforts in green mountains and clear rivers 

rehabilitation ". After changing the agricultural structure 

and development idea, an ecological agriculture 

development mode with characteristic of "intensive and 

self-supporting agriculture, benefit-protecting forestry, and good-prosperous livestock farming" were 

established. In recent years, about 280,000 goats of local species destroyed vegetation seriously were 

eliminated and about 95,000 herds of sheep were raised in sheepfold, 85,000 hectares of ecological and 

economic forest and 73,600 hectares of herbage were planted. All territory had been closed for 

vegetation and treatment, and the self-rehabilitation ability of nature was increased obviously. 

g) Strengthening the international cooperation and standardizing project management in the field of 

water and soil conservation 

The Chinese Government has actively expanded and participated in the international exchange and 
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cooperation in the field of water and soil conservation. Since 1994, continuous two stage loans from the 

World Bank have been used in the soil erosion control projects in the Loess Plateau. Its first-stage project 

with a soil erosion control area of 14000 km
2
 in 22 counties in Shanxi, Shaanxi, Inner Mongolia and 

Gansu Province/Autonomous Region has been examined and accepted. Experts of World Bank give 

highly appraise. In addition, the Asia Development Bank also provided supporting to the study on the 

strategy of Chinese water and soil conservation. In 2002, the 12th International Water and Soil 

Conservation Conference was hold successively in Beijing. At the same time, the control project of water 

and soil erosion have gradually changed from masses build to government invest, the government 

increase investment and strengthen management of projects, the control projects of water and soil 

erosion implement in accordance with the procedure of capital construction. 

Box 22 Water and soil conservation project in loess plateaus financed by the World Bank 

The water and soil conservation project in loess plateaus financed by World Bank was developed in 

May 1994. According to local conditions, comprehensive control measures are taken, it combines closely 

the control of water and soil erosion with solving peasant difficulties of the production and live, achieves 

fairly good ecological, economic and social benefits, 

promotes the adjustment of economic structure in country 

regions, and lays a foundation for social and economic 

sustainable development in this region . Its first-stage project 

covers 22 countries in 7 regions (cities) in Shaanxi, Shanxi, 

Gansu, and Inner Mongolia Province/Autonomous , total 

investment is 2.073 billion Yuan RMB ,including loan of 

1.243 billion Yuan RMB (150 million US dollars). Its second-stage project starts in 1999 , its scope covers 

37 countries in 12 regions (cities) in Shaanxi , Shanxi , Gansu ,and Inner Mongolia Province/Autonomous, 

total investment is 2.095 billion Yuan RMB, including loan of 1.245 billion Yuan RMB (150 million US 

dollars). By 2000, 0.606 million hectares water and soil erosion areas are controlled,the countermeasures 

of control include building newly 0.138 million hectares basic farmland ; planting 0.119 million hectares 

arbor, 0.143 million hectares scrub, 0.042 million hectares economic forest and 0.038 million hectares 

orchard ; planting 0.116 million hectares grass by man-made ; closing hillsides and planting trees 0.009 

million hectares . 
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2.7 Challenge 7: Protecting ecosystem 

2.7.1 Background 

China’s water pollution issue is increasingly outstanding. According to China Water Resources 

Bulletin 2000, the discharge of industrial wastewater and domestic sewage in the whole country is of 62 

billion t / year, among which the industrial wastewater accounts for 66%, the domestic sewage accounts 

for 34%. Some untreated or substandard wastewater and sewage are directly discharged into rivers, 

lakes and reservoirs, resulting in pollution in different degrees. The evaluation results of water 

environment monitoring for 114,000 km long evaluated river stretch in over 700 major rivers of the country 

show that 30% of the river stretch has type Ι and II of water quality, 32% has type III and 38% has type IV 

to worse than type V. Some freshwater lakes are in severe eutrophication and shallow groundwater has 

been polluted in different degrees. Water pollution has intensified the ecological degradation and the 

water supply conflicts in some areas and threatened the sustainable utilization of water resources. The 

protecting water resources, improving water environment and controlling water pollution has been a task 

of top priority in the ecological environment protection. 

2.7.2 Action and achievement 

a) Drawing up water resources protection plans, classifying scientifically water function zones 

Chinese government has organized to draw up the plans on the protection of water resources in 

whole country and major river basins, providing scientific basis for the effective protection of water 

resources and the effective control of water pollution. Water areas in the whole country are classified into 

two-level function zones on the basis of taking basin as a unit. In first-level function zones, 884 protection 

zones, 771 reserve zones, 390 buffer zones and 1441 development and control zones are designated. 

Water quality control objectives and total pollutants load control scheme for these water function zones 

are identified based on different uses. Besides, both structural and non-structural measures are proposed 

according to planned objectives, thus the water resources protection and water pollution control can be 

progressed sound and in order. 

b) Strengthening the monitoring of the quantity and quality of water, establishing water resources 

bulletining system for key areas 

China has set up 251 water quality monitoring centers and over 2600 water quality monitoring 

stations under the control of central and local governments, thus a water quality monitoring network with 
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its spatial coverage over the whole country has been established basically. 329 water quality monitoring 

stations are set up at provincial boundary sections of main rivers in seven major river basins such as 

Yangtze River, Yellow River and Huaihe River basins. Water quality of surface water and ground water in 

whole country and in provincial boundary sections of main rivers can be monitored through the monitoring 

network. From 1989, National Water Quality Bulletin for Key Reaches of Major River has been issued 

monthly to the public. From 1999, Water Quality Bulletin for Source Areas of Water Supply in 19 Key 

Cities has also been issued once every ten days. At present, China Water Resources Bulletin has been 

issued once a year. Water resources bulletining system has been established by most local governments 

too, and the local water quality has been issued to the public for supervision through local media. 

c) Determining management objectives, carrying out the protection of the source areas of water 

supply and the wetlands 

Chinese government attaches great importance to the protection of source areas of water supply. 

The protection zones have been demarcated for key water sources areas, the management objectives of 

water sources protection have been determined and the activities impeding water sources protection and 

creating pollution are strictly restricted in the protection zones. The safety water supply capacity is 

continuously being improved by combination of structural and non-structural measures. The government 

attaches great importance to the wetland protection, too. The wetlands water use is made overall 

consideration and the plans of water delivery timely to the wetlands have been drawn up. In 2001, the 

Zhalong Wetland Reserve which is located in Songhua River basin and protects rare birds composed 

mainly of cranes was drought, Chinese government diverted timely 35 million m3 of water to the wetland, 

improving efficiently its ecological environment. Some big cities such as Beijing, Shanghai, Tianjin are 

actively carrying out the integrated regulation of rivers and lakes in cities and are strengthening the 

wetland protection, thus improving efficiently water environment in cities. 

Box 23 Allocating ecological water use for the protection of the Zhalong Wetland 

The Zhalong Wetland is located in the west of Heilongjiang Province, in marsh and reedy areas in 

the lower reaches of Wuyuer River, in the Songnen Plain. It is near the Jiangdou irrigation district in 

Qiqihaer City, with a total area of 2100 km
2
. It is the largest national nature reserve for rare birds 

composed mainly of cranes and other huge waterfowls and the wetland ecosystem. In order to mitigate 

drought and water shortage situations and to rehabilitate ecological environment of the wetland, a water 
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diversion plan diverting 100 million m3 of water to the 

wetland each year has been drawn up by the 

government and will be completed in May 2002. At 

present the wetland has temporarily been supplemented 

water with existing water works. In July 12 – September 

3, 2001, 35 million m
3
 of water was temporarily diverted 

to the wetland, relieving efficiently the water shortage 

situation and increasing the wetland area from 130 km2 to 300 km
2
.  

d) Taking structural measures for protecting water resources and controlling water pollution 

Chinese government attaches great importance to water pollution control. The notable results of the 

water pollution control have been achieved in the heavily polluted basins such as Taihu Lake, Dianchi 

Lake, Huaihe River, Haihe River and Liaohe River, after adopting some measures as carrying out inter-

basin water transfer through existing or new water projects, constructing sewage collection facilities, 

comprehensive control of the upper reach areas, optimizing the dispatch of water resources and 

improving ecological water use. In Taihu Lake 

basin, the water from Yangtze River has been diverted to Taihu Lake through the existing flood 

control and drainage projects, thus speeding the water displacement of Taihu Lake, shortening the period 

of water displacement of Taihu Lake, enhancing natural 

purification capacity of the lake water, improving the 

water environment in some areas of Taihu Lake basin. 

In order to improve water quality of Guanting and Miyun 

reservoirs in Beijing, the government has arranged 

special funds for the implementation of engineering 

measures including water-saving, pollution control and 

water and soil conservation in the upper reach areas in Shanxi and Hebei Province. In main channel of 

Huaihe River, through combined operation of downstream and upstream gate dams to provide 

reasonable discharge and flow velocity needed for maintaining ecological environment, heavy pollution in 

main course is effectively prevented. 

BOX 24 Transferring water from Yangtze River to Taihu Lake for the improvement of the water 
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quality of Taihu Lake 

With the development of economy and the increase of human activities, the eutrophication of Taihu 

Lake is becoming more and more serious and the water environment quality is being deteriorated 

continually. In July – August 2000, a climactic growth period of blue algae in Taihu Lake, the emergency 

water transfer of 460 million m
3
 were carried out using 

existing water projects from Yangtze River to Taihu Lake 

basin, of which 222 million m
3
 were delivered to Taihu Lake 

and 73 million m
3
 to Huangpu River. In 2001, water transfer 

trial was kept on. At present, 1100 million m3 of water has 

been delivered from Yangtze River, of which 140 million m3 

has been delivered into Taihu Lake and 740 million m3 to 

the lower reaches through Taipu River. The water environment quality in northeast Taihu Lake has been 

improved obviously and the water supply conflict in the areas around Taihu Lake and the lower reaches 

has been reduced. A water transfer project from Yangtze River to Taihu Lake aimed at improving the 

quality of water environment of Taihu Lake is to be carried out after experiments and researches. 

e) Making initial results of the water pollution control in key basins 

Chinese government has determined .three rivers and three lakes. (Huaihe River, Haihe River, 

Liaohe River, Taihu Lake, Dianchi Lake and Chaohu Lake) as key areas of water pollution control, has 

approved their water pollution control plans one after another and has done more jobs in their water 

resources protection. Their water pollution control has made initial success. Water pollution has been 

mitigated obviously in main stream of Huaihe River and improved to some extent in Haihe River and 

Liaohe River basins. The tendency of water quality deterioration has been controlled initially in Taihu 

Lake basin. The severe eutrophication condition has been mitigated to some extent in Dianchi Lake and 

controlled in the main in Chaohe Lake. At present, on the basis of the experiences of water pollution 

control in key basins, some jobs including tightening up the sewage outlet management and the water 

quality management of water abstraction and so on are being considered. While water pollution control in 

“three rivers and three lakes” is continued, the water resources protection and water pollution control in 

Huanghe River and Yangtze River and the water pollution control and ecological environment 

rehabilitation in the water sources areas and water supply areas of the South-to-North Water Transfer 
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Project are being strengthened. 

2.8 Challenge 8: Flood control, drought relief and disaster mitigation 

2.8.1 Background 

China is a country with severe frequent flood and drought disasters. Six severe floods occurred since 

1991, have caused over 1000 billion Yuan of direct economic losses, which account for 1/5 of national 

financial incomes. The 1998 floods in Yangtze, Songhua and Nenjiang river basins are the most serious, 

which have caused over 255 billion yuan of direct losses. In the same period, five severe droughts 

occurred around the country, the severest one in 2000 hit over 20 provinces, more than 40.67 million ha 

of farmland were affected, of which 2.66 million ha suffered a production loss, water shortage problems in 

major cities in North China were increasingly serious. 

In the 21st century, the management of major rivers will face more difficulties, the areas and risks of 

flood and drought disasters will be increasing, thus bring about the arduous tasks of flood control and 

drought relief. 

2.8.2 Action and achievement 

a) Laws and Planning 

A lot of plans to effectively mitigate flood disasters and droughts have been made by Chinese 

government since 1992. They are National Flood Control Plan, Flood Control Plan of Major Rivers, Flood 

Control Plan of Major Cities, National Long-term and Mid-term Water Demand and Supply Plan and 

National Water Sources Planning for Cities Suffering Water shortage, and so forth. The train of the 

thought and the objectives of flood and drought disasters mitigation were set, the construction standards 

were made, and the implementing schedules were formulated in these plans. Meanwhile, the legal 

system establishment work has been strengthened. The laws and regulations such as Flood Control Act, 

Safety Regulations for Reservoirs and Dams, Compensation Interim Procedures for Storage and 

Detention Basins, Water industry Policy were made and enacted so as to provide powerful support to the 

mitigation works. 

b) Strengthen leadership, make massive efforts to disaster mitigation 

Emergency flood fighting and disaster relief institutions are set in the central and local governments, 

and administrative officer-responsible systems at different levels were exercised. Organizations 

undertake emergency relief works are established. When emergency flood and drought disasters occur, 
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the masses could be mobilized in time by governments at different levels to join flood fighting and drought 

relief works so as to minimize the losses caused by floods and droughts. The earmark funds are provided 

by central government to disaster areas 

according to degree of losses. People all over the 

country are organized to provide assistance to 

disaster affected areas and people. After disaster, 

special funds are provided by central government 

to rehabilitate structures damaged by floods and strengthen construction of flood control and drought 

relief structures. 

c) Speed up construction of structural flood control and drought relief system 

A number of key flood control projects were started since 1991, the Three Gorges Project on 

Yangtze River, the Xiaolangdi Project on Yellow River and Feilaixia Project on Pearl River are among 

these projects, some of them have been completed and put into operation. The central government made 

it clear that further strengthen the harnessing of Huaihe River and Taihu Lake in 1991, strengthen the 

building of dikes along Yangtze River, Yellow River and Songhua River in 1998. Pro-active financial 

policies to increase budget expenditures and issue more treasury bonds, have been implemented in 

recent four years, thereby bring about the increasing investment to public development projects such as 

flood control and drought relief projects. According to statistics, over 30000 km of levees have been 

upgraded, or new built, of the levees, 6100 km are along the middle and lower reaches of Yangtze River, 

1840 km along the Songhua River. A number of aged and dangerous reservoirs have been consolidated, 

the urban flood prevention capabilities have been upgraded. More than 200 large and medium irrigation 

districts have been upgraded with their focus on water-saving. So far, structural flood control system,  

which consist of key control projects, levees, storage and detention basins, have been basically 

completed. The farmland drainage system building on large and medium irrigation districts have also 

been completed. Both flood prevention standards of main rivers and drought relief standards of most 

regions have been upgraded obviously. It is calculated that the damage prevented from big floods since 

1991 by flood control system has reached to 1500 billion yuan. 

Box 25 The Three Gorges Project 

The Three Gorges Project is located at town of Sandouping, Yichang City of Hubei Province, with a 
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control area of 1 million km
2
. The Three Gorges Dam will create a reservoir with a total storage capacity 

of 39.3 billion m
3
, of which 22.1 billion m

3
 is for flood control. The Three Gorges Dam is designed to have 

an installed hydroelectric capacity of 18200 megawatts. The turbines will generate up to 84.68 billion 

kilowatt-hours of electricity per year. The project is planned for construction over a period of 16 years. 

The construction goes ahead in 1994. In 1997, the Yangtze River was blocked and diverted in 

preparation for actual construction on the dam. The permanent ship locks are planned to be putting in to 

operation in June 2003, the first electricity is scheduled to be produced in October of the same year, and 

the project is to be completed in 2009. The Three Gorges Project is the key project for preventing floods 

on middle and lower reaches of the Yangtze River, after completion it will raise the flood control standard 

in Jinjiang section from a 10-year to 100-year return period. Then it will not be necessary to use Jinjiang 

storage basin to divert floodwater when a 100-year flood occurs. The project makes the Yangtze much 

safer than before. 

Box 26 Embankment construction along the Yangtze River 

The Chinese government decided to upgrade sub-standard levees along the Yangtze River over 3 to 

5 years, soon after 1998 devastating flood. The total investment will be 30.7 billion-yuan. So far, 26.8 

billion-yuan has been used to reinforce levees along middle and lower reaches of the Yangtze River. 

Nearly 416-million m
3
 earth work and 32.12 million stone work on the dike consolidation have been 

completed, 2634 km levees up to the state-set section standards, which account for 80% of total levees 

planned to be upgraded. The massive construction is expected to be completed in 2002. 

d) Pay great attention to construction of non-structural flood control and drought relief system 

So far there are more than 20000 hydrological 

stations and over 8000 reporting stations throughout the 

country, the network of hydrological stations and 

forecasting system has been established. Flood control 

commanding systems for some major river basins and 

key regions have been set up, the state flood control 

commanding system is building and improving step by 

step. Plans to fight against extraordinary floods on major rivers such as the Yellow, Yangtze, Huaihe and 

Yongding rivers and plans to fight against storm tides of coastal areas affected by typhoon have been 
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made and improved. 333 anti-flood forces with 60000 people have been organized at different levels of 

the whole country, about 3400 large and medium anti-flood equipment have been prepared to fight 

against floods. Over 9300 organizations with 400000 anti-drought equipment throughout the country have 

been set up to fight against drought. These well-prepared non-structural measures could be used in time, 

in fact, they have already play important roles during floods and droughts occurred. 

e) Manage water according to natural laws and bring about a coordinated relationship between 

human and nature 

Decision to clear obstacles in low-lying lands around rivers and lakes is made by Chinese 

government, so that the flood diversion capabilities could be increased. This decision is made based on 

causes and characteristics of floods, and on the facts that the flood storage and diversion capabilities of 

rivers and lakes are losing as the result of development. A lot of measures have been taken in middle and 

lower Yangtze River areas after 1998 floods. The measures are to level the floodplain areas for flood 

water discharging, to restore the land around the lake, to build new towns for relocated people who are 

needed to move from key floodplains and lake areas. The focus is to move people out of low-lying lands, 

which are natural floodwater diversion areas, so that their farmlands could be turned into areas to store 

seasonal floodwater. So far, nearly 2075 km
2
 farmlands have been turned into flood storage areas by 

means of migration. The restored area can store an extra of 7.4 billion m
3
 of floodwater. 

Box 27 leveling the floodplain areas for flood water discharging, restoring the land around the 

lake, and building new towns for relocated people in middle and lower reaches of Yangtze River 

Historically, people living in middle and lower reaches of the Yangtze River are used to reclaim low 

land (i.e. Polder) from lake and river for farming and housing. Up to 1997, a total number of 2620 big and 

small polders have been reclaimed in middle and lower areas of the Yangtze River. As the result, the 

flood storage and releasing capabilities of the river and lakes are reduced. Compared to 1954 flood, the 

flood volume of 1998 flood was smaller than that of 1954, but the flood level was much higher than that of 

1954, that is why the 1998 floods cause so enormous damage to lives and properties. Floods breached 

totals of 557 polders in 1998 and 1999. 

Following the disastrous floods in 1998, the Chinese government decided to build new small towns to 

relocate people from dangerous polders and to restoration of the land around the lakes. About 1514 

polders were planned to be returned to the lake. They cover a total area of 4950 km
2
 and were then home 
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to 3.36 million people. The restored area can store an extra of 17.2 billion m
3
 of water. Because these 

measures follow the natural laws, they are welcome and supported by local people. So far, the above 

works are proceeding smoothly. 

f) Strengthen scientific research on flood and drought disaster mitigation, make knowledge of 

disaster mitigation widely available 

In order to raise the research level of disaster mitigation, flood disaster mitigation research units have 

been set up in some institutes, universities and colleges. A large outlay for research are provided to study 

of special subjects, including new technology for flood fight, new materials application, flood risk analysis, 

flood control and drought relief commanding decision supporting systems, satellite remote sensing of 

flooding and water-logging disasters, automatic hydrometric survey and report, flood insurance policy, 

and research on optimal distribution of water resources in North and Northeast and so forth.  

Contents of water resources knowledge have been added to the textbook of Natural Resources for 

primary school and textbook of Physical for middle school. Specialized courses are offered to students in 

water related departments in colleges and universities. Popular science books and TV programs on 

natural disaster defense, water resources conservation, soil erosion and land slide control, flood fighting 

and water-saving have been published. Above measures are aimed to raise the national wide awareness 

of flood control and drought relief. 

3. Evaluation Framework for Eco-Efficient Development of Water Infrastructure in 

China  

3.1 Objectives of protection 

(1) Improve the standard of flood control, prevent flooding, ensure ecological security and sustained 

development of economy. 

(2) Based on ecological protection, to develop water resource, provide clean and renewable sources 

and reduce greenhouse gas emission. 

(3) Maintain the amount of surface water resource, optimize the allocation of water resource to 

promote the sustainable utilization of water resource, protect the safety of drinking water, agricultural & 

industrial water and ecological water, the flow rate of engineering reach and special ecological water 

requirement. Protect groundwater resource; maintain the balance of draining and replenishing. 

(4) Protect the water environment, maintain and protect the function and quality of water in 
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engineering reach. 

(5) Maintain ecological integrity and stability of function and structure of the ecological system of 

reach. Protect biodiversity, lay special stress on protecting national and provincial key wildlife and other 

rare and endangered or having important economic value wildlife and its habitat, especially the fish 

"three-grade", migratory channel of aquatic organisms. 

(6) Rationally develop, utilize and protect land resource. Minimize the engineering construction and 

the resettlement area; prevent change of land use and soil secondary salinization, desertification, soil 

degradation, etc. caused by groundwater changes; control soil erosion in engineering construction and 

resettlement. 

(7) Protect the area which involved water engineering development such as nature reserve, scenic 

spot, important wetlands, important fountainheads, etc. 

3.2 Evaluation index system 

3.2.1 Evaluation principle 

(1) Sustainable Development Principle. Water Engineering Development need to conformance to 

Requirements of Eco-Efficient and Environmental Protection and promote sustained development of 

economy. 

(2) People-oriented Principle. Water engineering development should make water safety to drink and 

improve people’s lives. 

(3) System Principle. By system analysis method, evaluation system can be divided into Water 

Engineering System and Eco-economic System. It is to analyze and evaluate mechanism, the change 

process and effect of connection and mutual influence. 

(4) Stratification Principle. According to the attribute of evaluation index system, it divided into system 

layer (water and soil resources, water environment and fluvial landform, entironment and social 

economy) 、Element layer (constitutive elements of each system), factor layer (basic unit of element, 

reflecting the basic characteristics of various elements). 

(5) Adverse Effects Minimization Principle. In basis of evaluation, through the ecological protection 

and rehabilitation measures, minimize adverse effects on entironment, give full play to the economic 

benefit of water engineering. 

(6) Public Participation Principle. The evaluation process and evaluation report should consult 
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relevant departments and experts and stakeholders. 

3.2.2 Evaluation system 

(1) Water Engineering System 

Water engineering development includes flood prevention project, hydroelectric power project, 

irrigation project, water supply project and other project. 

Development includes Engineering construction, reservoir flooded, immigration, hydrological features 

changes, etc. 

(2) Ecological Economy Evaluation Index System (Tab. 3-1). 

Tab. 3-1. Ecological Economy Evaluation lndex System 

System 
Layer 

Element Layer 
Factor 
Layer 

Evaluating Indicator of Ecological Economic 
Impact 

Eco-friendly 
Evaluating Indictor 

Runoff Annual, monthly average runoff 
Water Level Water level both in reservoir basin and lower dam 

Sediment 
Yearly, monthly average sediment concentration 

and transport 
Ecological basic flow 

Water requirement of special environment 

Hydrology 

Eco-hydrology 

hydrograph 

Guarantee degree of 
ecological water 

requirement 

Quantitative river water resources 
Surface Water 

Resources 
Quantitative lake and reservoir water resources 

Quantitative groundwater resources 

Water Resources 

Groundwater 
Resources 

Groundwater depth 

Degree of the 
development and 

utilization of water 
resources. 

 The change rate 
of quantitative surface 

water resources. 
Minable groundwater 

coefficient 

Land ecological suitability 

Land Utilization 
Project land occupied number 

Soil environment quality 
Soil environment Land deterioration 

(Salinization,sand,desertification) 

Soil erosion ratio 

W
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n
d
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l 
R
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Land Resources 

Water loss and soil 
erosion 

Quantitative soil erosion 

Degree of 
improvement of soil 

environment 
Controlment of land 

deterioration. 
Controlment of water 
loss and soil erosion. 

Water temperature  
of reservoir 

Water temperature structure of reservoir 

Water Temperature 
Temperature of 

discharged water 
Change of discharged water temperature 

Restoration of fish’s 
sensitive water 
temperature. 

Change of pollutant carrying capacity of 
waters 

Water quality of lake 
and reservoir Water quality change in different lake & 

reservoir and backwater area 

Water quality of below dam 

Water Quality 

Water quality of 
reach Water quality of estuary 

Rate of reaching the 
standard quality in 
water function area 

Index of 
eutrophication of 

Lake and Reservoir 

Characteristics of 
river 

Meandering degrees of river 

W
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er
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m
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nd
 R
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er

 G
eo

m
or

ph
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River Geomorphology 

Connectivity Longitudinal connectivity 

Migratory fish 
passage 

Protection status of 
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System 
Layer 

Element Layer 
Factor 
Layer 

Evaluating Indicator of Ecological Economic 
Impact 

Eco-friendly 
Evaluating Indictor 

Horizontal connectivity of river 
Vertical permeability 
Bank slope stability 

Stability 
Riverbed stability 

“three fields” for 
fish 

Biological 
productivity 

Terrestrial plant biomass 
Ecological Integrity of 

Region (reach) 
Stability of 
ecosystem 

Landscape ecological dominance 

Rate of reaching the 
standard of ecological 

function area 

Plantage 

Vegetation types and resources Land plant 
The rare, endemic plants with great commercial 

value and their biotope 

The protection degree 
of rare plants 

Fauna 
Terrestrial animal types and resources 

Terrestrial Ecology 

Terrestrial animal 
The rare, endemic animals with great commercial 

value and their habitat 

The protection degree 
of rare animals 

Phytoplankton population and quantity 
Plankton 

Zooplankton population and quantity 
Benthos Benthic animal population and quantity 

Advanced 
hydrophyte 

Advanced aquatic plants population and 
quantity 

Important commercial fish and resources 

Aquatic Ecology 

Fim The rare, endemic and aboriginal fish and 
their habitats 

Index of fish 
biological integrity. 
Fish diversity index. 

Survival index of rare 
aquatic organism. 

Nature reserve 
Functional division, range, object of 

protection 

Scenic spot 
Functional division, range, object, of 

protection 

E
nt

ir
on

m
en

t 

Special Ecological 
Sensitive Area 

Important wetlands 
Goal and object of protection of wetland 

function 

The degree of 
protection of nature 

reserve 
The degree of the 

protection of scenic 
spots 

The degree of 
wetland protection 

Flood control economic benefits 
Power economic benefits 

Irrigation economic benefits 
Economic benefit of 

engineering 
Water supply economic benefits 

Environmental economic benefits of reduction of 
greenhouse gas discharge 

Economic benefits of farmland ecological 
improvement 

Economy 

Ecological economic 
benefit 

Economic benefits of ecological protection and 
rehabilitation 

Contribution value of 
GDP    

Engineering 
economic benefit 

index 
Ecological benefit 

index 

Social stability and security Social stability and 
culture Nation, religion 

Quality of life Quality of life and 
health Population health 

Capacity of immigrant environmental 
Environment for rural migrants 

S
oc

ia
l e

co
no

m
y 

Society 

immigration 
Urban environment 

Situation of social 
environmental 

protection. 
Situation of 
ecological 

environment 
protection of 

immigrate settlement 
region 

 

3.3 Public participation 

(1) Content 

Wishes Should be consulted related to the development and construction of works of public，social 

strata of the affected areas, reflecting public concern to the status quo of environment and the major 



63 

environmental problems, and water engineering development may trigger the main ecological effect and 

environmental issues, ecological protection and rehabilitation measures and Suggestions, etc. 

(2) Object 

Public participation should be extensive and representative. Participating objectives includes the 

relevant departments and units, experts and relevant organizations and public interests.  

(3) Range 

Including benefit and non-beneficiary areas, as well as reflecting the public opinion of the non-

beneficiary areas. In minority areas, there should be representative of ethnic and religious. 

(4) Way 

Adopt demonstration symposium, hearing, questionnaire survey and mass media, public 

announcement, etc. 

(5) Opinion Treatment 

Public opinion should be summarized and analyzed, making with explanation to accept or reject the 

advice and feedback to deal with that opinion. 

4. Standards System and Technical Guidance for Eco-efficient Water 

Infrastructure Development in China 

4.1 Technical standards system of ecological protection for eco-efficient water 

infrastructure development in China 

Current water technical standards system is classified into foundation, general and special category 

according to level, and is classified into conservative technology, program, construction, management, 

testing and material, et al. according to Professional sequence. It is classified into conservative, hydrology 

and water resources, Hydraulic Engineering, et al. according to Professional Categories. According to the 

demand of Standardized approach to water management, the main task for standard is to achieve the 

overall object of water infrastructure in our country in the new era, and establish and improve the 

technical standards for water system, prepare and execute the technical standards for water. At present, 

water infrastructure planning, design and operational standards is lack of the content of ecological 

protection in China. Technical standards of ecological protection for eco-efficient water infrastructure are 

contained in other relevant standards, and have not formed a complete standard system of its own. 

According to the bulletin of ministry of water resources, the number of the effective technical standards for 
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water infrastructure currently is 435, and there are only 12 about the eco-environmental protection. The 

eco-environmental standards have not formed comprehensively.  

At present, technical standards for eco-environmental protection in river basin are inadequate. First, 

as the indicators of eco-environmental protection are less in existing planning and designing technical 

specifications, the project take little consideration about the river and watershed-scale ecological impacts. 

It is difficult to determine the objectives of conservation and restoration, and the measures are lack of 

grounds. On the other hand, current standards for eco-environmental protection are in confusion, and the 

technical regulations for current eco-environmental water requirements of river and aquatic creatures' 

protection have some problems, just like little consideration for the importance of water resources 

appropriate development, the remove from actual economic development, water use and planning and 

construction reality， leading to the bad stage of which the construction and management of water 

infrastructure out touch of river basin eco-protection. At last, technical standards for water eco-

environmental protection are inadequate. The water planning and designing are lack of grounds on river 

basin planning and environmental protection, environmental impact assessment, assessment method for 

river ecosystem health, water project scheduling for eco-environmental protection, ecological restoration 

and reconstruction and so on. The contents of eco-environmental protection are contained in other 

relevant standards and the contents of regulations of the main construction are also not adapted to the 

demand of eco-environment, which are needed to be fleshed out and modified.   

The construction of technical standards system of ecological protection for eco-efficient water 

infrastructure should be established on the existing framework of water standards, connected to water 

infrastructure character in our country and the problems of eco-environment, which is adapt to the 

national conditions of our country.  

On the basis of analyzing the standards from domestic and aboard, this guideline divide the technical 

standards into two categories: the standard for main construction being related to eco-environment and 

the special standards for ecology protection of water infrastructure. The standards systems are shown on 

table 4-1 and4-2. 
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Tab.  4-1. the standard for main construction being related to eco-environment 

Preparation Stage Guidelines Related Standards 

Regulation for compilation of river basin planning 

Guidelines for water resources planning 

Irrigation water planning norms 
Planning Stage 

Code of practice for flooding 

Code of practice for project proposal of water conservancy and hydropower projects 

Code of practice for feasibility study report of water conservancy and hydropower projects 

Code of practice for Preliminary design report of water conservancy and hydropower projects 

Technical standard for water saving irrigation 

Regulation for water conservancy computation of water projects 

Technical specification for the analysis of supply and demand balance of water resources 

Guidelines for design of water diversion project 

Code for design of flood storage and detention areas 

Code for design of river regulation 

Technique guidelines for groundwater resource evaluation 

Code for design of irrigation and drainage engineering 

Design code for detritus basin of water conservancy and hydropower projects 

Technique specification for seepage prevention engineering on canal 

Specifications for Construction Planning of Water Resources and Hydropower Engineering 

Specifications on land requisition and resettlement design for construction of water resources 
and hydropower project 

Code for design of levee project 

Design standard of flood control project in city 

Code for hydro-geological investigation of groundwater resources 

Code for design of sea dike project 

Guidelines for design of general plot plan of working 

Design Stage 

Code of practice for design of  farmland-orientated resettlement construction of water 
Conservancy and hydropower projects 

Compilation guide of flood control operation plan 
Operation Stage 

Code for design of reservoir operation 
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Tab.  4-2. the special standards for ecology protection of water infrastructure 

Number Category Code and Guideline Remarks 

1 
Regulation for environmental impact assessment of river basin 
planning 

under revision 

2 Technique guidelines for partition of function districts already organized 

3 Code of practice for Water resources conservation newly organized 

4 Technique guideline for ecological water requirement about instream under revision 

5 Technique guideline for water conservancy already organized 

6 
Code of practice for computation on permissible pollution bearing 
capacity of water bodies 

already organized 

7 Technical Guidelines for water environment protect and rehabilitation newly organized 

8 
Technical guidelines for environmental impact assessment  and 
water conservancy and hydropower project 

already organized 

9 
Specification for environmental protection design of water 
conservancy and hydropower project 

newly organized 

10 
Technical Guidelines for acceptance after being completed of 
environmental protection facilities of water conservancy project 

newly organized 

11 
Technical regulations for environmental supervision of water 
conservancy and hydropower project 

newly organized 

12 
Technical specifications for assessment of environmental impact on 
water conservancy and hydroelectric projects 

newly organized 

13 
Guidelines for operation of water supply system of water 
conservancy and hydropower project 

newly organized 

14 
Specification for design of aquatic creatures' protection of water 
conservancy and hydropower project 

newly organized 

15 
Specification for environmental monitoring of water conservancy and 
hydropower project 

newly organized 

16 

Environmental 
Protection 

Guidelines for design of fish passage newly organized 

17 Code of practice worked out of soil and water conservation planning under revision 

18 
Code of practice for project proposal of soil and water conservation 
project 

already organized 

19 
Code of practice for feasibility study report of soil and water 
conservation project 

already organized 

20 
Code of practice for Preliminary design report of soil and water 
conservation project 

already organized 

21 
Technical specifications for soil and water conservation plan of water 
conservancy and hydropower project 

newly organized 

22 

Soil and Water 
Conservation 

Technical Guidelines for acceptance after being completed of soil 
and water conservation of water conservancy and hydropower 
project 

newly organized 

23 
Guidelines for planning brief of resettlement construction of large 
and medium size water conservancy and hydropower projects 

already organized 

24 
Specification for land acquisition and resettlement of water 
conservancy and hydropower project 

already organized 

25 
Specification for design of farmland-orientated resettlement 
construction of large and medium size water conservancy and 
hydropower projects 

already organized 

26 
Specifications for investigation of physical indicators of resettlement 
construction of large and medium size water conservancy and 
hydropower projects 

newly organized 

27 

 
Resettlement 

Technical specifications for clean-up operation of water conservancy 
and hydropower project 

newly organized 
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4.2 The guidelines for establishment of eco-efficient water infrastructure development in 

China 

4.2.1 The guidelines of eco-efficient water infrastructure development in planning stage 

(1) All water infrastructure planning must refer to Ecology-Economy Evaluate Index System Table, 

definitude the necessary ecological indicators for evaluation and analysis combining with the specific plan 

of projects. 

(2) The work synthetical planning of river basin should determine the main functions of rivers based 

on economic and social development planning, river basin water resources and carrying capacity of water 

environment, also analyze the controlled indicators of river basin development and protection, give the 

prerequisite of development and use restrictions of various functional areas. 

(3) Water resources allocation and conservation planning should analyze the changes rate of river 

basin or regional surface water resources, that can reasonability allocate production-water, living-water, 

eco-water, protect the basic ecological water demand of rivers and lakes, advance limited indicators of 

groundwater over-exploitation rate. It is required to evaluate agricultural irrigation water utilization 

coefficient as indicator for agricultural-water, and need to evaluate the unit of industrial water 

consumption as indicator for industrial–water. 

(4) Break-flood planning should maintain the natural features of rivers and lakes, preserve or restore 

the meandering, set the river sluice gate to keep the lateral connectivity if necessary, maintenance of 

natural wetlands, river, riptide, shoal within the river. And break-flood planning must satisfy anti-seepage 

stability, as well as the ecological protection. 

(5) Cascade hydropower development planning should evaluate the developed rate of waterpower 

ecological safety and be proposed prohibitions or restriction development for involving the basin nature 

reserves, ecologically sensitive areas, national important wetlands or some rivers which have special 

ecological protection value and human landscape. 

(6) While carrying out layout planning of momentous projects, it should calculate the annual runoff 

variation coefficient and modified national bias proportion respectively  for main restraining sections and 

important pivotal projects, do analysis of the runoff of annual and inter-annual as result of project 

construction. According to the ecological protection target of rivers and lakes, we should calculate the 
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river ecological water requirement, raise the ecological basic flow and water demand.  

(7) We should choose control section in main stream and key tributary, based on a series of 

observed hydrological data, calculating and predicting the ecological environment water demand of river. 

It uses the natural runoff volume to calculate the ecological water requirement. If the average amount of 

water depletion in 10 years is 5% less than the average annual runoff in the same period, we can used 

the measured river runoff to calculate the eco-environmental water demand . 

(8) The out-channel eco-environmental water demand is calculated by town ecological water demand, 

forest-grass vegetation building water demand, lake wetland supply water and underground water 

recharge supply water. For some lake wetlands where ecological functional degradation because of 

unreasonable development and utilization, and required of the artificial water according to local ecological 

protection, restoration and construct target, it should calculate the lake wetland eco-environment water. 

(9) In the arid and semi-arid areas, developing and taking advantage of groundwater must consider 

of the groundwater lever assuring the normal growth of the surface plant, especially in the edge of oasis 

and desert fringes. 

(10) Basin or regional water resources planning should analyze the water quality standard rate, and 

draft a reasonable water quality standard rate of average years in water function area according to 

economic and social development and the level and extent of pollution governance. 

(11) Impoundment project and water diversion project planning should analyze the water 

environment capacity after project implement. Cascade development has the impact on temperature of 

discharged water, so we should take the necessary recovery and compensation measures. 

(12) Projects planning should analyze the indicators including ecologically sensitive areas, protection 

of rare and endangered species. The premise of planning implementation should be not affecting the 

species diversity in basin or region. And evaluating the fish community diversity and plant community 

diversity before and after planning is necessary. 

(13) Involved in schistosomiasis endemic areas or other endemic areas, it should  suggest the 

indicators of transmission-blocking rate combining with water infrastructure construction and the local 

disease prevention target. 
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4.2.2 The guidelines of eco-efficient water infrastructure development in design and 

operation stage 

(1) Various types of water projects should be designed in accordance with the relevant standards 

and to refer to indicator system of eco-evaluation. We should analyze and evaluate required ecological 

indicators; evaluate and analyze the impact of project construction to each indicator specifically, make 

clear of the goal of ecological protection in accordance with the relevant indicators. 

(2) According to the results of impact assessment for each indicator, the ecological protection 

objective should be put forward according to the specific indicator for the engineering design. 

(3) Some river water flow control projects, such as reservoir and gate dam, change the natural runoff 

process because of construction, let change process within the year and inter-year of runoff tend to 

homogenization. Irrigation project and various types of water diversion project could decrease runoff in 

downstream channel. Project design should analyze the distribution deviation of runoff which maintains 

the following 6.0, surface water resource change rate and annual runoff variation coefficient change rate 

which should meet ecological security threshold value corresponding different natural runoff state. 

Maintain good channel ecological security state, lighten the disturbance to natural runoff state in project 

operation scheduling as far as possible.  

(4) The projects construction, such as pivotal project, irrigation and drainage project, revetment and 

dike project, water supply and transfer project, storage and detention basin project, can change the area 

groundwater supplement-drainage balance, causing the change of groundwater lever. So we should 

calculate and analyze groundwater deep buried indicator, letting the groundwater lever of affected area to 

be between the max value which is fixed by wilting coefficient and the min value which is fixed by soil 

salinization. Thus, it can prevent soil secondary gleization and desertification of irrigated area. Some 

projects are about supply water redistribution such as irrigation and drainage project, that should 

calculate and analyze groundwater exploitation coefficient indicator, and at non-drainage groundwater 

area, it must be assured that the groundwater exploitation is less than allowable exploitation.  

(5) When design some river water flow control project, like reservoir and gate dam，irrigation 

projects and supply and drainage projects must fully investigate and assess the ecological state of 

downstream, and determine the in-stream flow and ecological sensitive water according to the river 

ecological and environment protection target combining with various ecological demands. In the pried of 

projects operation, we must promise the ecological basic flow and the demand of flow rate and water 
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lever for growth cycle of sensitive aquatic organisms in downstream by measures like operating flood 

peak. 

(6) The water region whose water capacity and hydrodynamic condition changed by project and 

supplement project, and irrigation project recipient water area of recession flow should analyze water 

environment capacity by water area change, predict the water quality capacity and the water quality 

standard rate of water function area, and according to it, we should suggest the measures which protect 

the water quality and regional pollution control. Rives reprise dredging Projects which may cause 

endogenous pollution should control construction scale and technology strictly according to request about 

water quality in water area and some request in natural protected area. We should try best to avoid 

pollution, especially heavy metal in river. Supply projects and irrigation projects should select water 

source responsibly, control the supply water quality strictly according to water supply goal, protect the 

security of drinking water and agriculture water.  

(7) According to the goal of downstream protection, the water temperature, optimization of power 

plant layout and stratified water design should suit for pivotal projects. Combining with operated projects 

we should propose operated scheduling of cascade power plant. Water storage and diversion projects 

planning should analyze the impacts on water temperature caused by cascade operation, and take the 

necessary measures of recovery and compensation. If reservoir temperature affects downstream 

ecological protection targets, it should take measures, such as layered water intake and recovery of water 

temperature, also take some other necessary compensation measures. 

(8) Projects planning of embankment should maintain the natural state, meandering and natural 

wetland, bends, jet stream and shoal in river. The dike line design of projects should reduce to invade 

flood wetland, ensure river flood carrying capacity and leave space for river development. 

(9)Embankment projects affect two connections, one is river and overland sink flow, the other is rive 

and groundwater. So projects design should not only satisfy anti-seepage and anti-sliding stability, but 

also transverse connectivity and vertical permeability of river, but also need ecological slope protection 

design. Embankments project obstruct the connection between the natural levee and watershed. If the 

water in protective dikes can not be discharged into the river, it will cause water-logging, that measures 

should be taken to ensure horizontal connectivity in order to reduce the risk of water-logging, like using 

the drainage culvert through the bank. 
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(10) Pivotal projects, embankment projects and river regulation projects will have impact on the 

stability of the river, so that we should analyze the river bank slope stability and stability indicators before 

and after the project, and take the necessary measures to ensure the implementation of the stability of 

the bank and slope to be strengthened. Pivotal project scheduling should be used to adjust the capacity 

of the reservoir to regulate the flow and sediment process and store or discharge the water timely to 

maintain the balance between river erosion and deposition in order to maintain the stability of the riverbed. 

(11) Pivotal projects, embankment projects and river regulation projects will have a direct impact on 

the survival of aquatic life situation, so that we should take detail investigation on fish species diversity, 

rare and endangered species and living conditions of unique fish, three sites of fish and migratory routes 

and so on. Besides, a clear conservation objective and selective protective measures are needed. If 

reservoirs and sluices have a barrier for the migratory of fish, fish pass measures or fish released 

proliferation programs should be made; over fish measures include fish passage and across the dam by 

net. Underwater construction of river training project and cofferdam construction is unavoidable, that we 

should evaluate the influence of project to environment of aquatic organisms, especially the benthos, and 

make management measures to reduce the influence to benthos environment and three sites of fish.  

(12) When terrestrial species structure and coverage are changed because of the water projects, we 

should analyze the biodiversity of plant and coverage of natural vegetation, make clear of the objective for 

terrestrial vegetation protection and take the corresponding measures. Reservoir pivot project site should 

be selected to avoid the distribution areas and habitats of terrestrial endangered species, if can not, some 

measures should be proposed, such as protection, transplanting, introduction cultivation, seed 

conservation and management and so on. The invasion of alien species on the structure of local 

ecosystems should be analyzed for the pivotal project and we should take the necessary measures to 

safeguard the healthy development of ecosystems. 

(13) Various types of water projects should be designed to evaluate the impact of soil erosion 

intensity, make clear of the basic objective of water and soil conservation, determine a reasonable target 

value of soil erosion intensity according to national standards, to take the necessary measures of 

protection to make sure the soil erosion intensity can be strictly controlled within the target range. 

(14) Resettlement of various water projects should be designed to take full account of the standard of 

living after resettlement, to ensure that the per capita annual net income should not be less than the 
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original level after the immigration and project, and the socio-economic should be sustainable and stable 

in the resettlement areas that affected by the project.  

(15)  The spread of waterborne diseases will be changed because of pivotal, irrigation, water transfer 

projects, so that we should make evaluation for the change of spread blocking rate after the 

implementation and take the necessary measures to ensure the risk of waterborne diseases can be 

reduced. Domestic sewage should be properly handled, the medical and health facilities should be 

improved for resettlement and clearance of waste out of the reservoir should be strictly carried out before 

reservoir filling.    

(16) Supplement and irrigation projects should analyze indicators in river basin or region, such as the 

exploitable capacity of water resources, utilization coefficient of irrigation water, unit water consumption 

and so on. It is also should review the coordination between the exploitable capacity of water resources, 

that should be controlled within the Safe threshold value in the basin or region, and the water resources 

planning. 

（17）River regulation projects and urban levee bank revetment works should be designed in an 

aesthetic angle so that the natural landscape can be in harmony with artificial landscape. 

5. Integration of Eco-efficient Water Infrastructure Concept in the Socio-economic 

Development of China 

5.1 The strategy of water infrastructure development and ecological protection of river 

basins and regions in China 

5.1.1 River basins 

China has a vast territory, and many rivers. The natural environment, socio-economic development 

levels, the state of water resources and water environment are various. In the different river basins The 

scientific concept of development must be earnestly implemented. Proceeding from the actual conditions 

in the different river basins, in accordance with the sustainable development ideas of water control and 

the request of eco-efficient economy, lay stress on the key points of development and make the 

development of water infrastructure conform with the ecological conservation to provide better services 

for the economic and social development. 

(1) Yangtze River 

In accordance with the general requirements of flood security, rational development and utilization of 

the water resources, sustaining healthy ecosystem, stabilization of the river regime and river bed, 
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adhering to the basic principles favoring to both rivers and lakes, considering the left and right bank and 

coordinating the upstream and downstream, according to the new changes in basin flood control situation, 

water resources conditions, relationship of rivers and lake and ecology brought about by the Three 

Gorges Engineering and south-to-north water transfer engineering construction, corrdinate the 

development and protection. Taking into account the policy of deriving benefits while mitigating damages, 

improve the system of the integrated river basin flood control, rational utilization of the water resources 

and ecoenvironmental protection and strengthen the integrated river basin management. Optimize the 

reservoir group operation with Three Gorges Reservoir as the core. Maintain the healthy Yangtze River 

and prompt Man-water harmonization to ensure the sustainable use of water resources to support the 

construction of Yangtze River economic belt and sustainable development.  

(2) Yellow River 

According to the general requirements, “no dyke breaches, no river course become dry, no river 

water which quality exceed the water quality standards and no river bed raises”, make great effort to 

increase water and reduce sediment and regulate water and sediment. Build the harmonious relationship 

between water and sediment. Establish and improve the regulation system of water and sediment, the 

system of flood control and siltation minimization, the system of unified water resources management and 

integrated water rsources dispatch, the system of water quality monitoring and protection, the system of 

soil and water conservation to promote the efficient and coordinated development of ecological economic 

in Yellow River. 

(3) Huaihe River 

Aimming at the problems of complex river system, frequent floods, droughts and waterlog disaster, 

sharp contradiction between human and water, serious water resources pollution, adhere to the policy of 

attaching equal importance to enhancing flood-water storage and discharge capacity and consider and 

govern the relations between the upstream and downstram , left and right bank, main channel and 

tributary, rivers and lakes. Improve the system of flood control, waterlogged elimination and drought 

mitigation in river basin. Scientifically regulate, optimize, protect and save the water resources. Improve 

the production, living and ecological environments for people along the Huai River.  

(4) Haihe River 

Aimming at the shortage of water resources, shrinking of rivers and lakes, serious water pollution, 
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groundwater overdraft and the insufficient capacity of flood security, etc, taking  the protection and 

restoration of water ecological environment as its core, allocate the local water, water transferred from 

other basins and non-conventional water resources scientifically. Limit the groundwater exploitation 

efficiently. Comprehensively promote the construction of water-saving society. Establish the perfect water 

infrastructure system. Ensure the security of  water supply and restore the ecological system in river 

basin. Improve the water quality of river and lake, enhance flood control capacity. Provide the support and 

guarantee for the development of Beijing and Bohai-Rim economic circle. 

(5) Pearl River  

Aimming at the proiblems of frequent inundation and drought, lock of regulation and control capacity, 

localized deterioration of water quality, plan the river basin development and protection as a whole. 

Speed up the construction of the controlling hubs. Strengthen the unified water resources management 

and water regulation in low flow seasons. Strengthen the water saving and pollution treatment. 

Strengthen the ecological protection of the Pearl River Delta and Plateau Lakes. Prevent and control the 

desertification effectively. Promote the sustainable utilization of soil and water resourrces. Enhance the 

flood control capacity. Ensure the security of water supply. Improve the river water quality. Maintain the 

expedite  river network to build the green Pearl River.   

(6) Songhua River 

Aimming at the problems of unbalanced distribution of water resources, water pollution, water and 

soil erosion, shrinkage of wetlands, build the water resources allocation pattern of “Diverting Water from 

East to Central, and North to South”. Promote the irrigation area construction. Lay stress on the San-

Jiang and Song-Nen Plains. Enhance the flood control capacity in key cities and regions. Strengthen the 

protection of water resources and important wetlands. Speed up the comprehensive control of water and 

soil erosion in Black Soil Regions. Realize the security of flood control for urban and rural, the 

improvement of water supply ability, rational allocation of resources, choiceness of entironment, high 

efficiency of eco-economy to provide the support and guarantee for the development of old industrial 

base of northeast China and construction of national core food-producing areas.  

(7) Taihu Lake 

Aiming at the features of advanced economy, densely covering waterway network, high degree of 

development, high environmental pressure and storm tide threaten, lay the stress on comprehensive 
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treatment of river basin water environment. Speed up the construction of modern dispatch and 

management system. Improve the coordination mechanism. Strengthen the management according to 

the laws. Increase the anti-flood and anti-typhoon capacities. Ensure the security of water supply in urban 

and rural. Do well the water saving, water diversion and pollution treatment to improve the entironment in 

the basin and to provide water resources guarantee for the modernization and ecological construction in 

Tai Lake Basin. 

5.1.2 Regions 

According to the overall strategic objectives of the regional development, adapting to the 

requirements of the great exloitation of the west regions, the growing up of the central regions, leading 

development of the east regions, vigorous development of old industrial base of the northeast, proceeding 

from the actual conditions in water resources, adjust measures to local conditions. Give prominence to 

the development emphases and optimize the development patterns. Promote the harmonizing 

development of regional water resources with the entironment. 

(1) The Eastern Littorals 

Speed up the construction of modern water engineering and management system. Increase the anti-

flood, anti-tide, anti-waterlogging and anti-typhoon capacity. Qucken up the construction of the water-

saving and pollution prevention society, improve the water supply guarantee capacity. Do well the control 

of wastewater discharge and the wastewater treatment to protect the good economic function and 

ecological system of the waters of rivers and lakes and the estuary. Improve the carrying capacity of 

water resources and water environment. Take the lead to realize the modernization of  water conservancy 

and the good development of ecology.  

(2) The Central Regions 

Improve water infrastructure conditions, strengthen the construction of water engineering, continue to 

strengthen the construction of the comprehensive system of flood prevention and disaster reduction. 

Speed up the construction renovation of irrigation project and matching projects. Exploit and utilize water 

resources reasonably. Effectively protect the water resources. Improve the utilization efficiency and 

benefits of water resources. Ensure the security of water supply in urban and rural to provide water 

guarantee and the sound ecological environment for the vigorous development of the central regions. 

(3) The Western Regions 
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Strengthen the construction of water infrastructure and the protection of entironment. Lay stress on 

the the water saving. Construct water transfer projects reasonably. Ensure the    water demand for 

ecology. Develop the water power resources in order. Strengthen the construction of soil and water 

conservation to improve the support capacity of water resources for the west development. 

 (4) The Northeastern Regions 

Speed up the construction of the comprehensive flood control system, especially the construction of 

the urban flood control system. Optimize the allocation of water resources. Improve the regulation and 

control capacity of water resources. Strengthen the water resources saving and protection. Push the 

matching project reconstruction of irrigation areas,  the construction of water saving irrigation projects, soil 

and water conservation, and the protection of black soil. Do well the construction of the national food 

safety strategy projects. Protect wetlands. Ensure the sustainable development of the economy and 

society.  

5.2 Water source ecological protection in Beijing 

5.2.1 Water source protection planning 

Water source protection planning in Beijing gives prominence to 4 key points: to stabilize the major 

source of water supply—Miyun Reservoir and improve the water quality of Guanting Reservoir, to 

strengthen the protection of urban reserve water and ensure water quality of urban water supply and 

safety, to protect the decentralized rural water sources to ensure the security of the drinking water for 

farmers, “Green Olympics” that is to give prominence to lay the ecology on the first place to promote the 

sound development of ecology. In the planning the water source protection zones with total area of  3200 

square kilometers had been delimited.  Implement the comprehensive control and carry out the ecological 

construction to conserve and protect water resource. 

5.2.2 Build three lines of defense, construct the healthy and ecological small river basins 

Taking a small river basin as a unit, according to the bearing capacity of water resources, land 

resources, biotic resources in different topography area in the river basin, lay the stress on the adjustment 

of people activities and build three lines of ecological restoration, ecological treatment and ecological 

protection in order, from mountain-top to river valley. 

(1) The first line: Ecological Restoration 

① Enclose mountain and ban grazing. Ban logging. Reduce the people activities. Restore the 
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vegetation depending on the natural repair capacity; ②  Implement ecological migration. For the 

villages and houshoulds in danger in the first class of mined-out areas or areas prone to mud and rock 

flows, 28 thousand people were relocated out of the danger zone.  ③  Set up the ecological 

compensation mechanism, that is to employ through protecting and managing mountains, to normalize 

compensation, to replace the compensation by working and to corporate the construction and 

management. 

(2) The second line: ecological treatment 

① Saving. Lay the stress on the development of water saving industries. Construct the basic 

farmland in the lowerhills. Develop the water saving irrigation. Construct the soil and water conservation 

forest. ②Treatment. Emphasize on the comprehensive management. Treat the rural sewage and 

garbage centralizedly. Strictly execute the Law of the People’s Republic of China on Water and Soil 

conservation. Strengthen law enforcement and supervision. Supervise and carry out the soil and water 

conservation scheme for development projects.  ③ Adjustment. Adjust the agricultural planting structure 

and reduce the use of chemical fertilizes and pesticides. 

(3) The third line: ecological protection 

① Regulate river and clean up garbage and obstacle in the river course. ② Conserve vegetation. 

Restore wetlands and improve water quality. ③ Protect the estuary and the surrounding area of the 

reservoir, river, canal. Reduce the human disturbance and restore the ecologic landscape. 

5.2.3 Water source protection measures  

(1) Pull down all illegal buildings and facilities in the surrounding area of the reservoirs.  

Forbid tourists, vehicles, activities, fences in the First-grade protection zones of the reservoirs. 

(2) Treatment of Non-point Pollution.  

Readjust the crop structure of the 420 hectares of rices along the Baihe river in the upper reaches of 

Miyun reservoir, reduce the use of chemical fertilizers by 243t, save water by 5 million cubic meters. 

(3) River Conservation 

Probit sand quarrying, control dust. Enclose the rivers and growing grass and shrub.   Stamp out the 

destructive influences of man. Restore ecologic landscape in the 16 rivers of Miyun and Huairou 

reservoirs and the other rivers such as the Yongding river, the Wenyu river, the Juma river and so on. 

(4) Treatment of Point Pollution 
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Adopt wastewater treatment techniques such as compact wastewater treatment system-membrane, 

membrane bios-reactor, high efficient energy-saving biological corridor, and so on. In the water source 

areas, 35 small wastewater treatment facilities had been constructed. The new increased capacity of 

wastewater treatment is 9600t. After the treatment, all the discharge are up to the national prescribed 

firstgrade standards for the discharge of pollutants.  

(5) Rural Garbage Disposal 

In the water source protection areas, taking a village as a unit, equip with a garbage truck and a 

batch of closed dustbins, construct a waste landfill site. Establish village farmer water source protection 

proffessional team. Domestic garbages must stacked by category at the fixed points, timely clean-up, be 

treated in centralized type. The problem of garbage treatment had been solved in 10 small river basins 

and 45 natural villages by 2004.  

(6) Wetland Construction 

In order to protect water source, construct 20 thousand mu (about 1333 hectares) of wetlands of 

West Lake in Yanqing, Baigezhuang in Changping, Cuihu Lake in Haidian, Hanshiqiao in Shunyi, 

Changgou in Fangshan, Miyun reservoir beach and Guanting Reservoir beach to play the role of water 

quality purifying function of the wetlands. 

(7) Soil and Water Conservation Monitoring 

Base on the different land type, construct 106 runoff zones and 14 channel control zones in the water 

source protection areas to monitor the soil and water conservation automatically and publish the Beijing 

water and soil losses bulletin to provide the scientific basis for the water source protection. 

5.2.4 Outcomes of water source conservation 

Through the several years of ecological construction, although Chaobai River basin has experienced 

five consecutive years of drought, the river water quality has still been up to  the gradeⅡstandards. The 

water quality of Guanting Reservoir has been improved to grade Ⅴ. All the measures of water and soil 

conservation had reduced the incoming sediment to the reservoirs by 36t and reduced the rural 

wastewater into the reservoirs by 3 million t. In the upper reaches of reservoir, through th readjustment of 

the crop structure and development of water saving irrigation, ten million t of water per year has been 

saved.   

5.3 Allocation of water resources considering both ecological security and economic 
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development 

Ecological environment is the basic natural condition concerning the human survival and 

development. To protect and improve entironment is the basic policy we must insist on to ensure the 

sustainable development of the national economy and society. In china, the gift condition of water 

resources is not superior, and the water resources which can be exploited and utilized for the human 

economic and social activities is very limited. The pressure of the development of economy and society is 

increasing on the water resources and entironment. The ecological problems caused by water shortage 

and water environment deterioration are seriously restricted the sustainable development of human.  

In the past economic development, only domestic water and production water were paid great 

attention to, but the environment water was neglected. In north china, human living and production 

activities had seized environment water. In many places, the river course became dry, the river, lake and 

wetland were shrinking, the groundwater were over extracted, especially occurred desertification and 

salinization to cause the ecological environment deterioration which restricted the sustainable 

development of economy and society seriously. In addition, with the increase of the population, 

urbanization progress and rapid development of of economy and society, the contradiction between 

supply and demand of water resources are becoming more acute. To ensure the environment water is 

helpeful to the maintaining of the regeneration of water cycle in the river basin and is the important base 

to realize the sustainable use of the water resources.  

Implement strategies for water resources allocation considering both the Ecological Security and the 

economic development. On the bases of layout optimization of the towns and industry, agriculture, 

construct water-saving society and maintain water ecological balance. According to the principles of 

coordination between supply and demand, overall balance, ecological protection, make great effort to 

carry out saving and enhance the dispatch and allocation capabilities of the  river basin and regional 

water resources wholly. Consolidate and enhence the carrying capacity of river basin and region water 

resources to provide the guarantee of water resources for the development of economy and  society and 

the entironment protection.  It mainly includes:    

 (1) They are the important contents prmoting the sustainable development of the ecological 

civilization to enhance water demand management (WDM), to transform from water supply management 

to WDM, to keep the iirational demand within limits, to adjust the layout of economic and social 
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development and the industrial structure to  improve the water use efficiency and benefits according to 

the carrying capacity of water resources .   

(2) The relationship between the water using of economic society and ecosystem must be handled 

properly. In the allocation planning of water resources, it is necessary to coordinate the water resouces 

allocation for the domestic, agricultural, industrial, and environmental purposes, to arrange the 

environment water reasonably, to optimize the allocation of the water resources and to guarantee the 

water for the purpose of social and economic development, to consider the coordinated development of 

human and nature to maintain the balance of the river and lake ecosystems.  

(3) Ensure the healthy life of river and maintain the entironment in the river course. It is necessary to 

put forward the flow regime management target such as the ecological baseflow,,ecological seneitive 

water requirement, the release process, and concrete operation scheme aiming at the control sections 

and sensitive ecological protection objects, on the basis of guarantee of total environmental water 

requirement, 

(4) In the water resources development and utilization, assign the priority to develop and utilize 

surface water. They are necessary to exploit groundwater reasonably, to intensify the treatment of areas 

where groundwater was over exploited and to intensify the conservation and protection of the 

groundwater sources. 

5.4 Eco-city development in China 

In the world’s most populated country, China, rapid urbanization is reflected in the increases in the 

percentage of urban population to the total population (13.2% in 1979, to 16.7% in 1985, to 20.4% in 

1992, and to 39.1% in 2002). This rapid pace of urbanization is not expected to slow down in the near 

future. According to forecasts, the urban population in China will increase to more than 50% of the total 

population in the next 20 years. The pace, depth, and magnitude of these changes, while bringing about 

benefits to local people, have led to severe ecological stress on both local human living conditions and on 

regional life-support ecosystem. 

In responding to the trends, urban planners, in China, are faced with 4 main questions: i) rapid 

structural change from a centrally planned to a market economy; ii) deep institutional reform in land use 

from state to diversified ownership; iii) high immigration from rural to urban and suburban areas; heavy 

demand for a modern lifestyle; iv) emergence of a service sector. For these reasons, since the mid-1980s, 
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many cities have put forward the eco-city development strategy. 

5.4.1 Eco-city development: Planning a sustainable community 

Eco-city development is a whole systems approach integrating administration, ecologically efficient 

industry, people’s needs and aspirations, harmonious culture, and landscapes where nature, agriculture, 

and the built environment are functionally integrated. 

Eco-city development has 3 goals: 

i) Eco-industry (ecological industries) metabolism: resource conservation and environmental 

protection through industrial transition, emphasizing materials reuse, life-cycle production, renewable 

energy, efficient transportation, and meeting human needs. 

ii) Eco-scape (ecological-landscape) integrity: built structures, open spaces such as parks and plazas, 

connectors such as streets and bridges, and natural features such as waterways and ridgelines, should 

maximize accessibility to the city for all citizens while conserving energy and resources and alleviating 

such problems as automobile accidents, air pollution, hydrological degradation, heat island effects, and 

global warming.  

iii) Eco-culture: help people understand their place in nature, cultural identity, responsibility for nature, 

and help them change their consumption patterns and enhance their capacity to contribute to maintaining 

high quality urban ecosystems. This is the most difficult task for eco-city development, which needs both 

top-down and bottom-up strategies and, scientific and administrative motivation to alter life styles, 

production systems, and ecological consciousness. 

5.4.2 Eco-city practice in China 

In accordance with the world’s trends, in recent years, a campaign for ecocity development is being 

spontaneously initiated in some provinces, cities, and counties in China. It aims at achieving sustainable 

development in an administrative unit through ingenious exploitation, utilization and management of local 

resources, setting up an ecologically sound institution and influencing people’s behavior. In order to 

promote sustainable city development the State Environmental Protection Administration (SEPA, China-

EPA) has initiated a movement for ecological demonstration districts since the 1990s together with 

research institutes and local communities. Some fruitful results have been achieved, and some 

sustainability measurements and recommendations adopted by local engineers, planners, and managers, 

which will serve as a model for development in other areas. For example, Dafeng City in Jiangsu 
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Province started to implement the eco-city development strategy in 1986. By 1996, its gross domestic 

product was 80 times higher than that of 1986, before planning started, while the environmental quality 

was improved or maintained at the same level as that of 1980 when there were few industries. 

So far, 82 cities and counties have been designated Ecological Demonstration Districts by SEPA and 

are implementing eco-city planning strategies while the other 314 cities and counties are making all 

efforts to formulate eco-city (or ecocounty) planning and are applying for SEPA approval. During the Fifth 

International Eco-city Conference held in Shenzhen, China, in August 2002, many participants exchanged 

ideas about ecocity planning. The Shenzhen Declaration on Eco-city Development was then delivered to 

the World Summit on Sustainable Development in Johannesburg in September 2002. 

Based on the practices and research results from these pilot areas, SEPA has summarized a set of 

indicators for development of an eco-province, eco-city, and eco-county. The indicators are classified into 

3 categories: 

i) Economic development: Productivity (per capita GDP, financial revenue, net income, etc.), 

resource-use efficiency (water, energy), development potentials (tertiary industry development level, ISO 

14000 authentication ratio).  

ii) Environmental protection: Forest coverage ratio, per capita public green space, proportion of 

conserved area, restoration ratio of degraded land, waste emission and regeneration (air, sewage, solid 

wastes), environmental quality (water, air, noise standardized area ratio, etc.), investment in 

environmental protection. 

iii) Social progress: Infrastructure level (% population with access to tapwater, heat and gas, etc. ) 

urbanization ratio, life quality (Engel coefficient), social equity (Geordie coefficient), people’s capability 

(enrolment ratio to higher education, input in science and education), ecological awareness promotion, 

people’s satisfaction with the environment. 

5.4.3 Main problems in Eco-city development in China 

Some problems still exist in regard to eco-city development in China. First, the methodologies of eco-

city planning still need to be developed. Second, since SEPA issued guidelines for the preparation of eco-

city planning, all the cities, counties are following this same framework. In some cases, cities copy the 

experiences of other cities, neglecting to adapt to local natural, economic, and social conditions. Third, so 

far, there is a lack of effective supervision mechanisms and monitoring systems in ecocity development. 
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Fourth, legislation and institutional systems for eco-city development have not generated enough 

attention. Fifth, public participation is inadequate in eco-city development in China. 

We suggest that if a movement to eco-city development in China is to be successful, several 

problems need to be addressed. i) More research is required into the methods and tools for eco-city 

planning; e.g. the principles of industrial ecology, and especially the methods to design for environment 

and to design eco-industrial parks. ii) To find suitable paths to sustainability, local governments need to 

work with scientists to analyze current conditions and to adapt both domestic and international 

experiences to local conditions. iii) Create government agencies at all levels — city, regional, and 

national—to craft and execute policies for eco-city development. These agencies will coordinate and 

monitor functions in different sectors, supervise implementation of eco-city strategy, and facilitate projects 

and plans. iv) Provide strong economic incentives to businesses for eco-city building and rebuilding. 

Develop and enhance government policies that encourage investment in eco-city development. v) 

Provide adequate, accessible education and training programs, capacity building, and local skills 

development. Encourage all stakeholders especially in the public and private sectors to be actively 

involved in eco-city design and management. In other words, institutional integration, scientific incubation, 

entrepreneurial investments, citizen’s participation, and incentives provided by government are the key to 

eco-city development. 

5.5 Future direction 

Through a long term of unremitting efforts, the philosophy of sustainable development of water 

resources has acquired great achievements. China has made some outstanding success in the aspects 

such as saving water, allocation and protection of water resources, construction of water-efficient society 

and the improvement of carrying capacity of water resources and water environment, etc. But there are 

many people and less water and uneven time and spatial distribution of water resources. There is a 

mismatching between water and soil resources and productivity distribution. The future development for 

water infrastructure should, under the direction of the ecological civilization and the sustainable 

development strategies water resources, carry out the researches and probes in the following aspects:  

1. Strategy to cope with the floods control and drought resistance in climatic variations 

(1)Flood mitigation measures of man-flood harmonization 

(2) Measures of drought resistance and enmergency water supply to ensure people livelihood  
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 2. Resource-saving utilization strategy of water resources to ensure ecological security  

(1) Water resources allocation considering ecological security and economic development 

(2)Construction of saving, efficient and sustainable water-saving society 

3. Water Ecological Protection and Restoration strategy with Man-water Harmonization  

(1)Comprehensive treatment on water pollution of “the protection is priority, and the pollution 

treatment is basic”   

(2) “Win-win” soil and water conservation to promote ecosystem construction and rural economic 

development  

(3) Ecological construction of water ecological protection in rivers and lakes 

4. Strategy of eco-efficient water infrastructure construction  

(1)Planning and design system of eco-efficient water infrastructure 

(2)Promote the energy development of green hydropower development  

5. Integrated Management and Operation Mechanism Strategy to Ensure the Sustainable 

Development  

(1)Intensify the overall, efficient, unified, integrated management for water resources  

(2) Optimize market-based mechanism of water utilization in civilization way 

(3) Establish and improve the eco-compensation mechanism 

6. Framework for Future Actions 

6.1 Opportunities and challenges 

6.1.1 Opportunities 

1) The State has paid great attention to the sustainable utilization of water resources 

The Chinese Government has made clear that the sustainable utilization of water resources is a 

strategic problem of the economic and social development in China and puts forward that it will change 

the increase way of economy, save and protect vigorously the water resources, grasp the water-saving 

irrigation as a revolutionary measure, and strengthen the work of agricultural, industrial and urban 

domestic water conservation. We will make every effort to solve the problems of drought, flood, water 

logging, and environment deterioration. Starting with the formulation of the measures of investment and 

policies, we have listed the water conservation, the security of water supply, the safety of flood control, 

and the control and improvement of water environment into the National Tenth Five-Year Plan and the 
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Planning Goal By 2010 and started to carry out them thoroughly. 

2) Having the thinking awareness and material base of sustainable development 

The achievements gained in the field of sustainable development in China within ten years have laid 

a foundation for the further implementation of sustainable development. On the one hand, the masses. 

awareness on the sustainable development, water disasters and ecological environment protection is 

increasingly heightening and the consciousness of the public concerns and participation of the 

sustainable utilization of water resources also is continuously enhancing. On the other hand, China has 

preliminarily set up the engineering systems of flood control for seven major rivers, the municipal water 

supply system and the general patterns of farmland irrigation throughout the country. Meanwhile it has 

solved a lot of drinking water difficulties in the poor areas and completed a number of primary 

electrification counties of rural hydropower. Therefore, the infrastructure facilities of the development, 

utilization, harnessing and protection of water resources has been continuously perfected. The poor 

crowds have gradually reduced. The material base of sustainable development has been strongly 

rammed. 

3) The increase of comprehensive national strength provides the conditions for the sustainable 

utilization of water resources 

With the increase of economic development, social progress, comprehensive national strength and 

social wealth in China, the governments at all levels have continuously strengthened the construction 

capacity of the sustainable utilization of water resources, extended the financial raising canals and 

increased continuously the input of the construction of the public-welfare infrastructure facilities such as 

flood control and water supply projects. All these have provided favorable conditions for quickening the 

development of water resources and promoting the sustainable utilization of water resources. Especially 

in recent four years, the Country has carried out the active fiscal policy and issued fiscal bonds to 

construct infrastructure facilities so that the investment for the construction of water resources works has 

been greatly increased, which fully reveals the Chinese actual strength after the enhancement of its 

comprehensive national strength and the socialist superiority that can concentrate forces to do big 

business. 

4) The market economy and the policy of opening to the outside have provided abroad space for the 

sustainable utilization and development of water resources 
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According to the requirements of market economy system and economic and social development, we 

will deepen the reform of water resources development and promote continuously the establishment, 

perfect and development of water right system and water market. We will carry out the development, 

utilization, protection and management of water resources in accordance with the requirements of market 

economy. We will strengthen the policy of opening to the outside and actively introduce foreign capital 

and use the experience of other countries for reference in the field of the sustainable utilization of water 

resources. All these have provided a broad space for the sustainable utilization and development of water 

resources. 

5) Scientific and technical progress have provided a strong support for the sustainable utilization of 

water resources 

The development of modern sciences and technology and information processing of water resources 

and the rapid progress of new materials, new technologies and new methods will promote the 

transformation of traditional water resources development into the modern water resources development 

and the sustainable development of water resources, in order to accelerate the realization of the 

sustainable utilization of water resources. 

6) The strategy of Great Western Development has provided new opportunities for the construction 

of water resources works 

The strategy of Great Western Development carried out by the Chinese Government focuses on the 

ecological rehabilitation and the construction of infrastructure facilities related to water resources, 

communications and energy. The drought and water shortage is the basic cause of the weak ecological 

environment, poor conditions of production, living and existence in the western region, so that the 

construction of infrastructure facilities and the ecological rehabilitation all need the support of water 

resources. The Chinese Government has called for that a breakthrough progress should be made in the 

Great Western Development within five to ten years, which provides a new development opportunity and 

requirement for the construction of water resources works and the sustainable utilization of water 

resources in the western region. 

6.1.2 Challenges 

1) Four major water problems are still serious 

China is one of the countries that have the most serious problem of flood and drought disasters and 
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soil erosion in the world. With the development of economy, the problem of water pollution is increasingly 

prominent. Although the great development has been gained in the construction of water resources works 

in China since the founding of new China for more than 50 years, especially in 10 recent years, the 

construction of infrastructure facilities of water resources in China at present is still weak due to arduous 

and heavy construction tasks. With the development of economy and society and the increase of social 

wealth, the requirement for the construction of water resources works is increasingly raised. The four 

major water problems of flood disaster, water resources shortage, water pollution and soil erosion in 

China are still serious, which becomes key restriction factors affecting the sustainable development of 

economy and society in China. 

2) The relationship between water resources and economic and social development is inharmonious 

The construction of existing water infrastructure facilities such as water supply and flood control 

could not meet the needs of economic and social development on water resources. The situation of the 

irrational development and utilization of water resources are still relatively serious. In some regions, the 

many dikes were built to reclaim land from rivers and lakes for the development and construction, which 

occupies a lot of rooms for discharging and storing floodwater, or the water shortage coexists with the 

waste of water use and the water pollution. In some river basins, the development of water resources is 

unbalance, causing zero flow in the downstream channel or the local groundwater drop and bringing a 

series of social and ecological environment problems. Such inharmonious relationships between the 

construction of water resources works and the development of economy and society and between the 

economic development and water have to be settled urgently. 

3) The water projects is poor in its auxiliary facilities, with serious aging and short of repair 

Most of water resources projects in China were built in 1950s and 1960s. Because of historical 

causes, many projects is low in design standards, short of auxiliary facilities, extensive in management, 

backward in management methods, lack in good operation mechanism, serious aging and short of repair, 

and regressive in benefits. Some projects have reached up to its service life, being confronted with 

abandonment or rehabilitation. Some projects need urgently reinforcement and rehabilitation. Therefore 

the task of the reconstruction and rehabilitation of water resources projects in China is very arduous. 

4) Water management system and operation mechanism are imperfect 

The imperfect water management system and operation mechanism and the multi-department and 
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multi-tier water management system among surface water and groundwater, water supply and use, and 

wastewater emission and treatment have not met the needs of the sustainable utilization of water 

resources and market economy. Especially the prices of water, electricity and water service have 

deviated from the law of value so that the water resources project is too deficient of management and 

maintenance expenditure to implement the rational allocation, high-efficiency use and effective protection 

of water resources. The problems in the water management system and operation mechanism have 

become a heavy obstacle to the sustainable utilization of water resources. 

6.2 Follow-up actions 

6.2.1 Keeping on the promotion and implementation of the strategy of sustainable 

development of water resources 

Firstly, according to the requirement of the sustainable development, we will conscientiously make 

population, resources and environment to be harmoniously developed. The economic and social 

development should fully take the bearing capacity of water resources into account. The determination of 

the pattern and scale of economic development should be in accordance with the conditions of water 

resources in order to avoid the development of water resources without control and order. We should 

develop and utilize water resources in a scientific, orderly and rational way, coordinate well the water use 

of living, production and ecology, and deal well with the relationships among water supply and use, water 

use and drainage, water volume and quality, water and nature.  

Secondly, the traditional water resources development should be shifted into the modern and 

sustainable water resources development. While paying attention to the development, utilization and 

treatment of water resources, a great attention should be paid to the water allocation, conservation, and 

protection and the unified management of water resources in order to promote the sustainable utilization 

of water resources and to use the sustainable utilization of water resources to guarantee the sustainable 

development of economy and society.  

Thirdly, the way of the development and utilization of water resources, including the increment and 

consumption ways of water use volume and the water resources management modes, all should be 

changed from extensive type into intensive type. We cannot only depend on the project quantities but 

should rely on the quality of water project and the rational allocation, high-efficiency use, effective 

protection and scientific management of water resources to increase the efficiency and benefits of the 
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development and utilization of water resources and to realize the sustainable utilization of water 

resources. 

Fourthly, we will take emphasis on the construction of three major security systems of the 

sustainable utilization of water resources to meet the water needs of the masses of the people in five 

aspects. The three major security systems are as follows: 1) the harmonious coexistence of the people 

and flood to set up a perfect security system of flood control and disaster alleviation; 2) simultaneous 

development of increasing water sources, saving water use and protecting water resources to set up a 

security system of reliable water resources supply and high-efficiency use; 3) coordinating the water use 

of living, production and ecology to set up a water resources security system of keeping the safety of 

ecological environment. The five aspects of water need are as follows: the safety need of drinking water, 

the safety need of flood control, the safety of foods, the need of economic development and the need of 

ecological environment. 

Fifthly, we will reform the water resources management system to provide power and guarantee for 

the sustainable utilization of water resources. The unified management of water resources will be carried 

out to shift the water supply management to the simultaneous implementation of water demand, supply 

and use management. We also will strengthen the drainage management and set up new river basin 

water resources management system. We will deepen the system reform of water project administrative 

organization to realize the good operation of water project management and make full use of the 

functions and benefits of existing water resources projects. We will study and practice the water right 

theory and carry out the reform of water and electricity prices according to the requirement of market 

economy in order to set up a rational mechanism of water price determination. We will carry out the paid 

use of water resources and use the economic lever to promote the sustainable utilization of water 

resources. 

6.2.2 Conserving and protect water resources to realize the sustainable utilization of 

water resources 

We will exercise the planned water allocation and the water conservation and set up two sets of 

indexes of macro and micro, and total amount control and quota management to allocate rationally water 

resources and strive for establishing a water-saving society. We will insist on seizing the water-saving 

irrigation as a revolutionary measure to stop basically the increase of the gross water amount of 
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agricultural irrigation and to develop agricultural production by relying on water conservation and 

efficiency increase. According to the conditions of water resources and the inflow amount in different 

years, the control on the gross amount of water use shall be carried out in accordance with the rural 

administrative division. The technical transformation of water conservation and the construction of 

auxiliary facilities in the irrigation districts should be accelerated by taking the large-scale irrigation district 

as the key objective while persisting in the principles of effective implementation according to the local 

conditions and with emphasis on practice. 

The water conservation of industry will pay great attention to those units and trades with big water 

consumption amount. In combination with the needs of water environment improvement and the structural 

adjustment of industries and products, we will adopt various measures for water conservation to improve 

the production techniques, conduct the technical transformation of water conservation, popularize the 

clear production and water-saving equipment, raise the reuse rate of industrial water and formulate the 

industrial water use quota and water conservation standards in order to control gradually the increase of 

water demands and enhance the utilization coefficient o water resources. 

The focus of the water conservation in domestic water use is in the city. We will widely spread the 

propaganda and education of water conservation to raise the water-saving awareness of the public. We 

will strengthen the management, construction and development of water conservation and spread water-

saving facilities and tools. We will strengthen the quota control of domestic water use and deepen the 

reform of the management system of water resources to set up the rational water resources management 

system and water price determination mechanism in order to use the water price mechanism and 

economic lever to promote the water conservation. 

We will strengthen the protection of the sources of rivers and the water supply sources and enlarge 

the control and treatment of wastewater and sanitary sewage. We will rationally utilize the groundwater 

resources, strictly control the overdraft of groundwater and actively develop the new water sources such 

as artificial rainfall, wastewater reuse after the treatment and the desalination of seawater in order to raise 

the bearing capacity of water resources. 

6.2.3 Strengthening the construction of the public-welfare water infrastructure facilities 

such as flood control and water supply projects in a overall arrangement way 

We will strengthen the comprehensive harnessing of seven major rivers of the Yantgze River, Yellow 
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River, Pearl River, Songhua River, Liaohe River, Haihe River and Huaihe River. We will effectively control 

floodwater to guarantee the safety of flood control according to the engineering system of the flood 

control in the construction of river basin. We will rationally develop and utilize the water and hydropower 

resources, strengthen the work of soil and water conservation and ecological environment rehabilitation in 

the upstream area of the river basin, and give full play to the comprehensive benefits of water projects 

such as water supply, power generation, irrigation, navigation, ecology and tourism works, in order to 

promote the sustainable development and rehabilitation of economy, society and ecologic system in the 

river basin. Through the construction of the South-north Inter-basin Water Diversion Project (east-line, 

middle-line and west-line projects), the rational allocation of water resources in four river basins of the 

Yangtze River, Huaihe River, Yellow River and Haihe River could be realized to form the mutual 

supplement of the water resources in the southern and northern regions and in the eastern and western 

regions in order to alleviate the serious water shortage in the western and northern regions. 

Box 31 South-North Inter-basin Water Diversion Project 

The South-North Inter-basin Water Diversion Project is a strategic project to solve the water shortage 

problem in the North China, including the east-, middle- and west-line projects. It is planned to divert 

water from the lower-, middle- and upper-reach of the Yangtze River to the Huang-Huai-Hai Plain, the 

Shandong Peninsula and the Middleand Upper-reach of the Yellow River, especially the water shortage 

areas in Beijing, Tianjin and North China, with the total water diversion amount of about 45 billion cubic 

meters. The east-line project is to pump water near Yangzhou City, located in the main stream of the 

Lower Yangtze River, then to use the existing channel and the tunnel in Weishan County through the 

Yellow River towards the north region and to Tianjin City by gravity flowing, with the total length of water 

conveyance trunk of 1156 km. Meanwhile, a West-East Water Diversion Project will be built to divert 

water 

from the Dongping Lake in the south of the Yellow River to Jiaodong Region, with the total length of 

the water conveyance channel of 700 km. The east-line project will pump water from the Yangtze River, 

with the discharge of 500 m3/s and the diversion volume of 9.0 billion m3 in the near future. 

The middle-line project is to divert water from the Danjiangkou Reservior in the Hanjiang River, the 

branch of the middle reach of the Yangtze River, to enter Beijing City by the way of gravity flow, using the 

canal excavated along the western edge of the Huang-Huai-Hai Plain and through Henan and Hebei 
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Provinces, with the total length of trunk canal of 1267 km. The Tianjin Trunk Canal diverts water in Xushui 

County in Hebei Province to Tianjin City, with the total length of 154 km and the diversion water volume of 

9.5 billion cubic meters in the near future. The west-line project is to build dams and reservoirs in the 

three branches, the Dadu River, Yalong River and Tongtian River in the upper reach of the Yangtze River, 

and then to use the tunnel passing through the Bayankala Mountain to convey water into the Yellow River 

for supplementing its insufficiency. The first-stage west-line project will divert water with the volume of 4.0 

billion cubic meters, with the total length of water conveyance channel of 260 km. 

The problems concerning mountains, rivers, farmlands, forests and roads should be tackled in an 

overall plan and in a comprehensive way. We should carry out the technical transformation of water 

conservation in irrigation district, the basic construction of farmland water conservancy works, the 

reclamation of soil, the protection of basic farmland, and the rehabilitation of the garden-style cultivation 

and ecological agriculture. We will combine with the construction of villages and towns and urbanization 

to perfect the infrastructure facilities of water and power supply, water drainage and wastewater control 

and to beautify the rural environment. We will raise the comprehensive utilization efficiency of soil and 

water resources, increase the production capacity of farmland and unit water resources and heighten the 

living quality of the farmers. 

For the poor areas, we will carry out the development-oriented aid-the-poor program by water 

conservancy and develop the work of soil and water conservation, ecological rehabilitation, and farmland 

cultivation suspension for planting forests (grasses) in order to protect and conserve soil and water. We 

will strive for the construction of basic farmland to make the people in the poor mountainous regions have 

the cultivated land area of 0.03 ha per capita. We also will develop the rural small hydropower, construct 

the hydropower electrification county and change the energy consumption ways in order to protect 

ecological environment and to improve the production and living conditions. All these have provide 

favorable conditions for the economic development and poverty alleviation in the mountainous areas. 

6.2.4 Stressing on the key Points and developing the work of soil and water conservation, 

ecological rehabilitation and environment protection 

The work of soil and water conservation and ecological rehabilitation will focus on the these regions, 

that is, the middle and upper reach of the Yangtze River, the middle reach of the Yellow River, the 

crisscrosses of farmland and pastoral field in the inland river area, and the source area of wind and sand. 
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The engineering and biological measures and the scientific management should be adopted. We will 

carry out the artificial afforestation, farmland cultivation suspension for planting forests (grasses), closing 

the hillside for afforestation and the development of small hydropower to implement .the replacement of 

firewood by electricity. program. We will pay great attention to the ecological rehabilitation around the big 

city, especially the Ecological Circle around Beijing and Tianjin Cities. The municipal water system of 

rivers and lakes should be treated in a comprehensive way to do well the water environment rehabilitation 

and to beautify the resident environment in towns and cities. We will strengthen the construction of water 

source conservation forests in the origins of rivers. We will continue to develop the work of water 

resources protection and water pollution control, with the emphasis on the river basins of the Huaihe 

River, Liaohe River, Haihe River, Dian Lake, Taihu Lake, Chaohu Lake, the middle and lower reaches of 

the Yellow River, Tarim River and Heihe River. We will strengthen the protection of the origins of water 

supply, especially the water origins for the urban water supply, in order to raise the quality of water supply. 

We will strengthen the monitoring work of water pollution, superintend the emission of wastewater after 

the treatment, and strictly practice the control of the gross emission volume of wastewater and pollutant to 

reduce the pollutant sources. We will enlarge the treatment of wastewater and sanitary sewage and 

spread the neutral-water pipeline in possible areas to increase gradually the reuse rate of wastewater 

after the treatment. In those areas with the overdraft of groundwater, we will carry out the mandatory 

measures to manage and control the mining amount of groundwater and create conditions for recharging 

gradually the groundwater. 

We will further strengthen the control and harnessing of the rivers, lakes and environment in the 

cities, arrange reasonably the municipal environment water use and beautify the resident environment. 

6.2.5 Establishing a stable input mechanism to guarantee the implementation of the 

sustainable development strategy 

We will reasonably divide the duties and responsibilities among the government, market and 

beneficiary and then make clear the major investment body of various projects according to the principle 

of the unity of responsibility, right and benefit. For this reason, we will formulate the corresponding 

policies and adopt diversified measures in order to absorb widely the social funds, to widen the financial 

raising channel and to set up and perfect the multi-source, multi-channel and multi-tier investment 

mechanism, so that it can guarantee the smooth implementation of the sustainable development strategy. 
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Those programs that take the social benefits as main and have big strong public-welfare, important 

impact on the whole national economy and ability to ensure the sustainable development, are mainly 

invested and constructed by the government fiscal budgetary funds at different levels. The non-public-

welfare programs will be undertaken by the beneficiary, in accordance with the principles of “the person 

who benefits from the project will invest it”. Such programs can adopt many ways to raise the construction 

funds and can be operated in accordance with the laws and mechanisms of market economy. The 

governments at various levels should continue to increase steadily the financial input to enlarge the 

investment of those public-welfare or semi-public-welfare infrastructure facilities such as flood control, 

irrigation, soil and water conservation, rural hydropower electrification county establishment. Meanwhile, 

the functions of market mechanism should be brought into full play. For those programs that have 

outstanding economic benefits, the government can input the capital in cash, authorize a special permit 

operation rights, relax the restriction conditions of the social funds participating in the construction of 

infrastructure facilities, increase the loans at home, strive for the foreign preferential loans, make full use 

of the capital market to raise funds and encourage the foreign tradesmen, personalities of all circles, 

enterprises, institutions, and individuals to take part in the investment and operation of the infrastructure 

facilities of water resources. 

6.2.6 Relying on the progress of sciences and technologies to provide the technical 

support for the implementation of sustainable development strategy 

We will strengthen the development and training of talent and rely on the scientific and technical 

innovations to strengthen the theoretical study on the sustainable development and utilization of water 

resources and the study on the index system of sustainable development. The studies on the key 

technologies for the important fields, key regions and the major water resources projects should be made 

in a special subject manner and can be tackled jointly by the trans-department and inter-discipline. The 

above-mentioned key fields are mainly as follows: flood control, drought prevention, disaster reduction, 

water saving, soil and water conservation, ecological environment water demand, environment 

management, policy system. The key regions are the arid and semi-arid areas in the northwest of China. 

The major important project is the South-North Inter-basin Water Diversion Project. We also will actively 

explore the new theories, new methods and new technologies and spread and apply new techniques and 

new materials. Meanwhile we will make full use of the scientific research results from various 
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departments and absorb widely the existing advanced technologies and management experience at 

home and abroad. We will formulate the technical and economic standards and specifications and codes 

on the allocation of water resources, the water shortage, the water saving and the water waste to set up 

the index system of the sustainable utilization of water resources. We will make full use of the computer 

network and information technology to enhance the level of water resources prediction and forecasting, 

water demand prediction, optimal water allocation, and management and policy decision, in order to 

promote the high-efficiency utilization and effective protection of water resources and to raise the general 

level of sustainable utilization of water resources. 

6.2.7 Strengthening the construction of the sustainable development capacity and 

security system 

We will strengthen the build of legal system on the sustainable utilization of water resources, revise 

and perfect the laws and regulations concerning water and increase the law enforcement strength in 

order to realize the water control and management according to the laws. We will study and formulate the 

technical and economic policies, price and investment policies on the sustainable utilization of water 

resources and the construction and development of water conservancy works. 

We will deepen the reform of the system of the administrative organizations of water resources and 

water projects, build the communication, commander and dispatching system for flood control and the 

real-time supervisory system of water resources, and set up the supervision troop for the enforcement of 

water administration and soil and water conservation, in order to enhance the management level and 

tools and to strengthen the unified management of water resources. We will classify the types of 

administrative units according to the functions of the project to give full play to the action of government’s 

macro-control and market economic mechanism. Meanwhile we will determine the policies on 

classification management and make clear the sources of management, operation and maintenance 

expenditure in order to guarantee the good operation of engineering management organizations, to 

enhance the management level and to give full play to the actions and benefits of water projects. 

We will strengthen the basic education and staff training and strive for fostering a lot of the qualified 

personnel of water scientific research and the construction and management of water conservancy works, 

which provides a sound talent security for the sustainable utilization of water resources and the 

construction of water conservancy works. 
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6.2.8 Partnership development on eco-efficient water infrastructure 

We will strengthen the international cooperation and exchanges on the fields of flood control, disaster 

alleviation and the sustainable utilization of water resources and widen the international cooperation field. 

We will also actively introduce the foreign capital, rationally use and absorb the advanced foreign 

technologies of water resources and hydropower and management experience. We will spread the 

engineering technologies and non-engineering measures and experience of increasing water-saving 

strength, reducing flood and water logging disasters, and alleviating the unfavorable impacts on the 

ecology and environment, in order to enhance the integral research level of water sciences. We will 

strengthen the project management invested by foreign capital and increase the use benefit of foreign 

capital. We will also strengthen the international academic exchanges and personnel training to promote 

the progress of the water modernization. 

We will further strengthen the propaganda and education and popularize the sustainable 

development theory and the goals and tasks of national sustainable development, in order to make the 

common awareness of the government, society, enterprises and institutions, and the masses of the 

people, to raise the integral awareness of the coordinative development of the population, resources, 

environment, economy and society, to increase the public awareness of water disasters, water 

conservation and protection, and to enhance the sense of responsibility and the consciousness of 

treasuring and protecting water resources. We will strengthen the propaganda and education of water-

saving knowledge and popularize the new water-saving technologies and equipments to mobilize the 

masses of the people to participate consciously in the activities of the sustainable utilization of water 

resources. We will set up and perfect a mechanism of the public participation in various water affairs and 

the sustainable utilization of water resources, strengthen the democratic management and consultation 

and encourage the whole society to take part in the management and protection of water resources, in 

order to produce a good atmosphere of cherishing and treasuring water resources in the whole society. 

6.3 Conclusions 

As a national important infrastructure, the water infrastructure has been paying great attention to in 

China. So far, China has gained the world accredited magnificent achievements in the water 

infrastructure development and the system of flood control, water supply, irrigation, hydropower 

generation has been formed and has adopted active actions and effective measures and gained many 
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achievements and experiences for references. But the eco-efficient water infrastructure planning and 

designing lacks for the scientific and systemic theory and methodology. In order to change this situation, 

the concerning organization has carried out the corresponding researches and has brought forward an 

indicator system for the assessment of eco-friendly and economic efficient water infrastructure 

development. This assessment indicator system aims at the water infrastructures such as flood control 

projects, agricultural water conservancy project, hydropower projects, waterway projects, irrigation 

projects, and water supply and drainage projects, polder projects and so on.  The assessment indicators 

are classified into 5 categories such as hydrology and water resources, water environment, river 

morphology, biology and habitats and social economy. In the same time, combining the China water 

ecological regionalization characteristics, the corresponding methods have been put forward to determine 

the thresholds for the indicators. On the basis of the indicator system mentioned above, a standard 

system had further been put forward for the eco-efficient water infrastructure development. In the 

standard system, according to the correlative degree to ecological environment, the technical standards 

of water infrastructure development for ecological protection are divided into two categories, i.e. the 

corresponding standards involving eco-environment protection requirements for main work and 

professional standards for eco-environment protection. A series of technical criterions for the eco-

environment protection of water infrastructure have been put forward according to the planning stage and 

design and operation stage of water infrastructure.  These assessment system, standard system and 

technical criterion proposals will have the important direction significance for the eco-efficient water 

infrastructure development of China in the future.   
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