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I  INTRODUCTION TO CPSP  
 
1.1 Introduction 
 
The formulation of World Water Vision on Water for Food and Rural Development (WFFRD) for year 
2025 was facilitated by ICID amongst others, through extensive consultations held in over 43 countries, 
for inclusion in the World Water Vision to be presented during the World Water Forum (WWF2) at The 
Hague. At that time, the IWMI had brought out PODIUM, which was considered and hence promoted 
by ICID as an important tool for development of the vision for food sector. While this vision projected 
substantial increase in the global water withdrawal, water storage, and irrigation expansion for the 
pre-dominant ‘food sector’ (largely consumptive), much larger increases were projected in the 
developing countries, but the integrated ‘overview vision’ unfortunately did not reflect these 
conclusions. It also did not reflect lack of quantification of water needs for the other two sectors viz. 
‘people’ (largely non-consumptive) and ‘nature’ (largely consumptive), while making large claims. 
(Not only claims were made for larger allocations, demands were made for diversion of water from food 
sector to others claiming inefficiency and scope for reduction, also for not building any more dams, for 
only demand management and going in for Watershed Management.) A generic diagram is kept at 
Figure 1.1 indicating relevance of population spread, rainfall precipitation, fair weather flow to the 
sectoral needs for food, people, terrestrial eco-systems and aquatic eco-systems. It shows incidence of 
these aspects from basin boundary to delta / mouth region. Food sector needs are in proportion of 
population spread, so also the needs of people sector. Needs of terrestrial eco-systems match with 
precipitation, whereas aquatic eco-systems match with fair weather flow.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1.  River Basin – Water for Food, People and Nature Sector Inter-relations - A Generic 

Diagram 
 
Figure 1.2 indicates another diagram showing stream orders in a typical river basin. For tropical basins 
with arid to semi-arid climate, it is seen that only stream orders 3 and 4 carry fair weather flow which 
allows habitat for aquatic eco-systems. 
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Figure 1.2. Stream orders in a typical river basin 
 
1.1.1   ICID strategy and evolution of CPSP 
 
To address reasons for such differences and taking further logical steps for integration of 
supply-demand sides for all the three sectors, ICID adopted a ‘Strategy for Action’ in the year 2000. It 
was found that several developing countries already had adopted water policies, which were reflected in 
this ‘strategy’. ICID felt the need to mobilise strong international support for the strategy and policies 
after necessary independent assessments. ICID therefore formulated a project titled as “Country Policy 
Support Programme (CPSP)”. IWMI and IFPRI joined the effort as they were enthused by the adoption 
of PODIUM and the likely use of the newly integrated PODIUM and IMPACT models. FAO (IPTRID) 
& World Bank also decided to support the effort for specified contributions. 
 
1.1.2   CPSP and Dialogue 
 
While ICID was firming up its CPSP proposal, an international initiative sponsored by a consortium of 
10 participating organisations was launched in August 2001 to conduct a ‘Dialogue on Water, Food and 
Environment’. While the concept of holding consultation at various levels is included both in the 
‘Dialogue’ and ‘CPSP’, the former has a focus on building bridges between the bipolar water needs for 
food and environment, without accounting for the critical role of ‘Water for People’ sector, in its 
impact on environment. The latter on the other hand focuses on: the need for scientific assessments, the 
need for improvement of analytical tools such as PODIUM and IMPACT models, the scope for 
involvement of National Governments and funding agencies, the funding and stakeholder institutional 
mechanisms, and more importantly on recognition of an integrated approach for evolution of water 
policies for the three sectors. 
 
The needs for water for ‘Food’ and ‘People’ sectors are mounting with continued growth of population. 
The consumptive requirement of the former far outweighs that of the latter. So also the development 
and abstractions. The people sector did not attempt in past perspective plans for development of its own 
resources through dedicated storages, largely riding piggyback on the former sector. Also, little has 
been done to evaluate basin-wise needs for ‘Nature’ sector, while claiming shortages and blaming the 
other two sectors for such needs. The quantification forms a core activity of the CPSP. While the 
Dialogue lays special stress on local actions, the CPSP relies on basin and national level consultations to 
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be able to provide support to the country policies on macro scale. The CPSP thus is slated to be a major 
contribution of ICID to the water sector. Incidentally, it’s output will be useful for the ‘Dialogue’. 
 
1.1.3   CPSP in China  
 
The CPSP envisages a detailed assessment of the water supply-demand situation for the three sectors in 
a couple of representative river basins of the two most populous countries of the world, viz. China and 
India for conditions as in the past, as at present & as likely in future. Based on such assessments, 
multi-stakeholder consultations at the respective basin and national levels, and the use of findings from 
such consultations for identifying interventions in the national policies related to water resources are 
also envisaged. The CPSP specifically addresses future water scenario for food & rural development, 
water for people as also water for nature, in an attempt to integrate them in the broader context of 
Integrated Water Resources Development and Management (IWRDM) to achieve sustainable 
development and use of the water resources.  
 
China is the most populous developing country in the world. Therefore, China’s food security is 
essential to the stability of Chinese as well as global grain market. China is also a big irrigation country, 
where irrigation plays an important role in guaranteeing grain production. However, the per capita 
water resources in China is much less and meanwhile it unevenly distributes both spatially and 
temporally. With the rapid growth of industrial and domestic water consumption, how to rationally 
allocate the limited water resources while keeping the rapid development of the national economy and 
guaranteeing the state’s food security is an important subject in formulating policies related to water 
resources. In recent years, in the light of the total strategy of legalized water management, the decision 
makers issued a lot of regulations and policies, such as the “Water Law”, “Policies for Water Industry”, 
“Flood Control Law”, “Water and Soil Conservation Law”, “Water Pollution Prevention and Control 
Law”and “Regulations on Water Supply Price of Hydro Projects” to solve some serious problems such 
as flood, water shortage and water pollution in water development and water use and great 
achievements have been made.  
 
The Water Law of the People’s Repubic of China (CWL), which was formulated in 1988 was revised 
and adopted at the 29th Meeting of the Permanent Committee of the 9th National People’s Congress on 
August 29, 2002 and was made public and effective as of October 1, 2002. To improve the draft Water 
Law, the State Council solicited opinions from the National Planning Commission, the Ministry of 
Finance, the Ministry of Land Resources, the Ministry of Construction and the State’s Environmental 
Protection Administration etc., 15 sectors and Shanghai and Hebei etc., 10 provincial/municipal 
governments. Articles of the CWL as related to CPSP scope are shown in Annex 1.  
 
1.1.4   China’s freshwater availability 
 
According to the precipitation data from 1956 to 1974 totally 24 years, China’s mean annual 
precipitation is 6188.9 billion m3, amounting to 648 mm of precipitation depth, 20% less than the global 
average land precipitation 800 mm, and also 12% less than Asian average land precipitation 740 mm. 
Surface water resources represents the dynamic water volume in rivers, lakes, glaciers and swamps etc., 
water bodies. Groundwater resources usually refer to shallow groundwater which is closely related with 
atmosphere and river runoff while the water amount under saturation zone is not included in the 
calculation due to its stable storage. In the light of the data between 1956 and 1979, 56% of China’s 
water returns to atmosphere through land evaporation and 44% becomes runoff. The water resources in 
China have the characteristics of abundance in total water volume, less in per capita amount and 
extremely uneven distribution both spatially and temporally. According to the results of the national 
water resources assessment carried out by the Ministry of Water Resources (MWR) in early 1980s, the 
mean annual precipitation in China is 6200 billion m3 and the mean annual water resources is 2812.4 
billion cubic meters, including 2711.5 billion cubic meters of river runoff and 828.8 billion cubic meters 
of groundwater recharge deducting the duplication between surface water and groundwater, ranking the 
sixth of the world. However, the per capita water resources is only 2200 cubic meters, approximately 
one-fourth of the world average due to huge number of populations and it will reduce to 1760 m3 by 
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2030 with population growth to 1.6 billion, approaching the water shortage standard approved 
internationally 1700 m3. 
 
Table 1.1 summarizes the relevant statistics for 9 China’s river basins abstracted from “China’s Water 
Resources Assessment”. It is seen that out of 2746 Billion Cubic Meters (BCM)- (equivalent to cubic 
kilometers) of mean annual water resources, the rivers carry 2647.8 BCM as surface water (SW) 
runoff (MAR), while 814.9 BCM constitutes natural recharge to groundwater (GW), the duplication 
between SW and GW is 716.4.  
 

Table1.1  Water resources at river basin level of China 
 

Area Mean annual 
precipitation 

Mean annual 
surface 

Water resources 

Mean annual 
Groundwate
r resources 

Duplication 

Mean 
annual 
Water 

resources 
River basin 

km2 109m3 109m3 109m3 109m3 109m3 
Songliao River 124844.5 637.7 165.3 62.5 34.9 192.9 
Hai River 31816.1 178.1 28.8 26.5 13.2 42.1 
Huai River 32921.1 283.0 66.1 39.3 17.3 88.1 
Yellow River 79471.2 369.1 74.1 40.6 32.4 82.4 
Yangtze River 180850.0 1936.0 951.3 246.4 236.4 961.3 
Pearl River 58064.1 896.7 468.5 111.5 109.2 470.8 
Southeast 
rivers 23980.3 334.2 192.0 47.4 46.7 192.7 
Southwest 
rivers 85140.6 511.3 585.3 154.4 154.4 585.3 
Inland River 337444.3 955.4 116.4 86.2 72.2 130.4 
Total 954532.2 6101.5 2647.8 814.9 716.7 2746.0 
 
The potentially utilizable water resources in China is around 873 billion m3, including 750.5 billion m3 
of suface water and 122.5 billion m3 of groundwater. According to the conditions of water resources in 
China, the potentials for future water development will be mainly in the south. Up to now, 550.0 billion 
m3 of water has been developed and there are still 300.0 billion m3of potentials for future development 
and utilization. The potentially utilization water resources in the north is less than 50.0 billion m3, 3/4 of 
which is distributed in Neijiang River, Songhuajiang River and some international rivers around the 
northeast and Xinjiang Autonomous Regions. The potential utilizable water resources are shown in 
Table 1.2. 
 

Table 1.2  Potentially utilizable water resources in China (109 m3) 
 

River System Songliao Hai Huai Yellow Yangtze Pearl Southeast Southwest Inland Total 

Total 95 30 65 48 360 130 50 30 65 873 
Surface water 65 10 41.5 37 348 123.5 47.5 28 50 750.5 
Groundwater 30 20 23.5 11 12 6.5 2.5 2 15 122.5 
Degree of 
development（%） 49.3 71.2 73.8 58.3 37.5 27.6 25.9 5.1 49.9 31.8 
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1.1.5   Water resources development and utilization in China 
 
The status for water development and utilization can be reflected from the change of water supply and 
the ratio between water supply and total water resources. Of which, water supply means the gross water 
supply including conveyance loss provided by various hydro projects for the users. The statistical data 
in Table 1.3 are based on the water sources from surface water, groundwater and miscellaneous in 1980, 
1993 and 2000.  
 

Table 1.3  Water supply in typical years (109 m3) 
 

River basin Year Total Songliao Hai Huai Yellow 
(Huang) Yangtze Pearl Southeast Southwest Inland 

1980 381.3 27.0 18.0 40.2 27.4 128.6 65.3 18.8 4.0 52.1 
1993 436.0 35.7 16.8 40.5 27.9 159.8 68.9 27.8 6.1 52.5 

Surface water 2000 444.0 34.8 13.6 37.3 25.6 164.0 79.3 30.4 9.6 49.4 
1980 61.9 8.5 20.2 12.9 8.4 6.7 0.6 0.5 0.07 3.9 
1993 86.4 14.2 24.4 16.8 12.9 7.4 3.5 1.16 0.4 5.8 

Groundwater 2000 106.9 27.0 26.3 17.8 13.5 8.5 4.1 0.987 0.27 8.5 
1980 NA NA NA NA NA NA NA NA NA NA 
1993 0.45 0.03 0.23 0.09 0.05 NA 0.05 NA NA NA 

Miscellaneous 2000 2.1 0 0.096 0.29 0.282 1.0 0.21 0.134 0.07 0.03 
1980 443.2 35.5 38.2 53.1 35.8 135.3 66.0 19.3 4.0 56.0 
1993 472.5 49.9 41.2 57.2 40.8 167.1 72.3 29.0 6.5 58.3 

Total supply 2000 553.1 61.8 40.0 55.4 39.4 173.5 83.6 31.6 9.9 57.9 
 
Surface water is the main water source in the Yangtze River etc., river basins in the south. However, 
groundwater is the main source for Huang-Huai-Hai and inland river basins and surface water supply is 
remarkably reduced, which reflects that surface water in the north is short and groundwater, including 
groundwater overexploitation will become the main water source to meet the increasing water demand. 
The ratio of groundwater has increased from 53.0% in 1980 to 65.7% in 2000 in Hai River Basin, 24.3% 
to 32.1% in Huai River Basin, 23.5% to 32.1% in Yellow River Basin, 7.1% to 14.7% in inland river 
basins and 23.9% to 43.75% in Song-liao River Basin. Meanwhile, viewed from inter-basin water 
transfer, Hai River Basin transferred 3.9 billion m3 of water from the Yellow River Basin in 2000, Huai 
River Basin transferred 6.77 billion m3 and 1.60 billion m3 respectively from the Yangtzze River and 
the Yellow River, the inland river basins transferred 0.12 billion m3 of water from the Yellow River for 
inter-regional water regulation. The change of water supply in China and river basins is shown in  
Table 1.4. 
 

Table 1.4  Growth rate of water supply from 1980-2000 (109 m3) 
 

Source of 
water supply Change Total Songliao Hai Huai Yellow Yangtze Pearl South 

east 
South 
west Inland 

Increased by 62.7 7.8 -4.4 -2.9 -1.8 35.4 13.9 11.6 5.6 -2.7 Surface  
Water Growth rate（%） 0.76 1.28 -1.38 -0.37 -0.34 1.22 0.97 2.44 4.54 -0.26 

Increased by 45.0 18.5 6.0 4.9 5.0 1.8 3.5 0.5 0.2 4.5 

Groundwater Growth rate（%） 2.77 5.95 1.31 1.63 2.37 1.20 10.05 3.36 6.92 3.90 
Increased by 109.8 26.3 1.8 2.3 3.5 38.2 17.7 12.2 5.9 1.9 Total water 

supply Growth rate（%） 1.11 2.81 0.23 0.21 0.47 1.25 1.19 2.48 4.62 0.17 
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The degree of water development is an important index to reflect the present status of water use and its 
potentials for future development. It is the value of (actual water supply + water transfer into the basin – 
water transfer out of the basin – other water supply from sea water use, sewage use and rainwater use) 
divided by local mean annual water resources. The degree of water development in China is 16.1% in 
1980, 18.9% in 1993 and 19.7% in 2000. It has been over 50% in the Yellow River, Huai River and Hai 
River in the north, where the water resources are overexploited. It is over 40% in inland river basins and 
32% in Song-liao River Basin. The degree of water development in the south is very low, less than 20%. 
The water resources development and utilization in 2000 is summarized in Table 1.5. 
 

Table  1.5 Water development and utilization at river basin level in 2000 
 

River basin Total Songliao Hai Huai Yellow Yangtze Pearl 
South 
east 

South 
west Inland 

Total water supply 5531 617.7 399.5 554.4 393.6 1735 836.3 315.6 99.3 579 
Mean annual water resources 28124 1929 421.1 881.1 823.5 9613 4708 2592 5853 1304 
Inter-basin water transfer 0 0 39 99.4 -71.9 -68 0.5 0 -0.2 1.2 
Degree of development（%） 19.7 32.0 85.6 51.6 56.5 18.8 17.8 12.2 1.7 44.3 
 
In terms of water consumption structure in China in recent years, the water consumption has reduced in 
irrigation sector while it increased rapidly in other sectors. The total water consumption in China in 
2000 is 549.6 billion m3, increased by 106.1 billion m3 than 443.7 billion m3 in 1980 and the annual 
growth rate is 1.07%, which is mainly from the rapid growth of domestic and industrial water 
consumption. The total domestic water consumption and water consumption by various sectors in urban 
areas is only 52.5 billion m3 in 1980 and it increased to 172.3 billion m3 in 2000, increased by 2.28 times 
and the annual growth rate reaches 6.5%. Agricultural water consumption remains stable including a 
little reduction in irrigation water consumption. Agricultural water consumption is reduced from 378.3 
billion m3 in 1980 to 358.0 billion m3 in 2000. Industrial and domestic water consumption increased 
rapidly, its ratio had increased from 11.9% in 1998 to 30.8% in 2000 while agricultural water 
consumption reduced from 83.4% in 1080 to 69.2% in 2000. The water competition among irrigation, 
industrial water use and domestic water use is becoming more and more serious and this trend will still 
go on with the acceleration of industrialization and urbanization process. 
 
1.1.6   Sample basins of China 
 
Two sample basins viz. the comparatively wet southeast coast Qiantang basin flowing into the Bay of 
Hangzhou and the relatively dry east coast Jiaodong Peninsula flowing into the Bohai sea were selected 
as the sample basins. Figure 1.3 shows locations of the selected Qiantang and Jiaodong river basins. 
Basin maps of Jiaodong and Qiantang river basins are shown in Figures 1.4 & 1.5 respectively. 
 
The main features of two selected basins are shown in Table 1.6. 
 
1.2   Jiaodong peninsula Basin 
 
1.2.1   Basic situation   
 
The Jiaodong peninsula, Yantai and Weihai cities, is in the east of Shandong peninsula, and faces the 
Huanghai sea and Bohai sea on the east, south and north (called Jiaodong basin below). It is a water 
deficit basin having intensive agriculture and industrial development, and large population density. 
Based on the previous study from 1956 to1999, total water resources volume in Jiaodong basin is 4394 
million m3 per year, in which Yantai City is 2865 million m3, Weihai city 1529 million m3. For the 
current population of 8.929 million, water volume per capita per year in Jiaodong basin is only 492 m3, 
belonging to serious water deficit area. The water volume per hectare per year is 7125m3, only 
amounting to one fourth of average value of whole country. The inadequate water resources in Jiaodong 
basin are a major reason to cause the contradiction between water demand and water supply. Table 1.7 
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is the yearly average results of water resources volume in Yantai and Weihai cities. In Table 1.7, the 
groundwater resources include natural recharge from rainfall and recharge from surface water. The 
repeated water volume includes the mutual exchange volume of surface water and groundwater that 
were calculated double times. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1.6 Main features of Jiaodong and Qiantang basins 
 

Main features Jiaodong Qiantang 
Climate Semi-arid Humid  
Ave. annual rainfall (mm) 700 1632.62 
Watershed area (Kha) 1918.2 3550  

Urban 4.328(48%) 3.557(33%) 
Rural 4.6  (52%) 7.113(67%) Population 

(Million) Total 8.928 10.67 
Available cultivated area (Kha) 616 424 

Farmland  401.3 393.4 
Fruit tree 91.5 130.9 Command-irrigated 

area (Kha) Total 492.8 524.3 
Forest area (Kha) 593.3 1420 
Main crops Wheat, maize, groundnut Rice 
Main industries   

  
 



 
 

 8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.4 Map of Jiaodong peninsula basin 
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Figure 1.5 Map of Qiantang basin 
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Table 1.7 Water resources volume in Yantai and Weihai (million m3) 

 

City Surface water 
resources 

Groundwater 
resources 

Repeated 
water volume 

Total water 
resources 

Yantai 2580 895 610 2865 
Weihai 1430 399 300 1529 
Total 4010 1294 910 4394 

 
The basin has a large irrigation development. The farmland-irrigated area in 2000 is 401 thousand ha, 
taking up 65% of cultivated area. It is estimated that the farmland-irrigated area in 2025 will reach 460.3 
thousand ha, increasing 15 percent, whereas the fruit-irrigated area will increase 21 percent in 2025 than 
in 2000. The major part of the irrigated agriculture is supported by groundwater development at present. 
The groundwater withdrawal for irrigation accounts for about 67 percent of total irrigation water use, 70 
percent for Yantai and 30 percent for Weihai, some areas already occur the overexploitation. 
 
The development and utilization of available water resources are relatively low. According to related 
data, the development and utilization of surface water have little variation since 1980. The yearly 
average utilization rate of available surface water resources is about 30 percent. The development 
potentiality still exists. Some planning reservoirs will be constructed in the future. Table 1.8 is the 
capacity of surface water supply provided by surface water engineering for 50% frequency condition at 
present and planning (2025) year estimated by local agency. 
 
Table 1.8  Capacity of surface water supply for 50 percent frequency in Yantai and Weihai 

cities(million m3) 
 

 Present (2000) Future (2025) 
Yantai 932 1108 
Weihai 414 503 
Total 1346 1611 

  
1.2.2 Agricultural development and land use 
 
The main land use situations in Yantai and Weihai cities in 2000 are shown in Table 1.9. The available 
cultivated area in Yantai and Weihai cities take up separately 32.3 and 31.6 percent of total land area and 
the farmland irrigated area amounts to separately 63.4 and 69.6 percent of the cultivated area. 
According to previous statistical data, the cultivated area decreases 0.8 per cent per year from 1960 to 
2000 in Yantai, 0.7 per cent per year from 1990 to 2000 in Wehai (The data is not available before 1990). 
The main reason of the cultivated area reduction is that non-agricultural land and fruit area increase year 
by year. Figure 1.6 is the variation tendency of the cultivated area from 1960 to 2000 in Yantai. The 
gross cropped area also cuts down, especially grain-crops area. However, the cash-crops area goes up，
the ratio of grain-crops and cash-crops decreases. The general tendency of cropping intensity variation 
rises gradually. Figure 1.7 is the variation tendency of cropped area and cropping intensity from 1960 to 
2000 in Yantai.    

 
Table 1.9  Main land uses in Yantai and Weihai cities in 2000 

 
Land use(thousand ha) Yantai Weihai 

Total land area 1374.6 543.6 
Available cultivated area 443.92 172.19 
Gross cropped area 655.2 299.27 
Farmland irrigated area 281.5 119.87 
Fruit irrigated area 68.7 22.8 
Forest area 437.3 156 
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There are the similar crop patterns in Yantai and Weihai cities. Main crops are wheat, maize, and 
groundnut. The rotation pattern of winter wheat and summer maize dominates a large part of area in the 
basin. In the past years, the area for vegetable and melon were on the increase, but the area for grains has 
been decreasing. The planting ratio for main crops in 2000 is shown in Table 1.10. 

 
Table 1.10 Planting ratio (%) for all crops in 2000 

 
 Yantai Weihai 
Wheat 52 72 
Maize 39 33 
Groundnut 26 39 
Soybean 7 6 
Potato 7 10 
Vegetable/melon 15 12 
others 1 2 

        
1.3   Qiantang Basin 
 
Qiantang River Basin, which lies between Longitude 118º East to 121º East and Latitude 28º North to 
31º North, extends across Zhejiang, Anhui, Jiangxi, Fujian and Shanghai five provinces/municipalities 
with a total of 55558 Km2 of catchment area, including 41945 Km2 in the upstream of Hangzhou Gate 
(6200 Km2 in Anhui Province, 109 Km2 in Jiangxi Province and 136 Km2 in Fujian Province). Qiantang 
River is the largest river in Zhejiang Province. The length of its main stream is 477 km. There are Lan 
River and Xin’an River two source rivers in the upper stream that join together in Meicheng of Jiande 
City, spreads across Hangzhou Municipality and runs into the Bay of Hangzhou in Kanpu of Haiyan 
City. 
 
The catchment area involved in this report is 35500 Km2 in the upstream of Hangzhou Gate within the 
boundaries of Zhejiang Province that are under the jurisdiction of Hangzhou, Quzhou, Jinhua, Shaoxing 
and Lishui five municipalities/prefectures totally 27 counties/cities/districts (hereinafter the scope of 
Qiantang River Basin). It borders on Xianxia Mountain and spreads into Min River of Fujian Province 
in the south, Huaiyu Mountain and Le’an River and Xin River, water system of Poyang Lake of Jiangxi 
Province in the southwest, Huang Mountain and Tianmu Mountain and Qingyi River of Anhui Province 
and Taihu Lake of Zhejiang Province in the north, Bay of Hangzhou in the northeast, Siming Mountain 
and Yong River and Tiantai Mountain and Jiao River in the east, and Xianxia Mountain and Ou River in 
the southeast. Qiantang River Basin is separated by mountain ranges in a trend of northeast that become 
divides of the main stream and tributaries. It’s high in southwest and low in northeast with more hills, 
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less plains, and scattered valleys and basins, including the largest one Jinqu Basin whose catchment area 
is 2980 Km2. 
 
According to the statistical data in 2000, the total population in Qiantang Basin is 10.67 million 
(accounting for 24% of the total of Zhejiang Province) and cultivated area 0.4240 Mha (accounting for 
11.9% of the total land area in Qiantang Basin and 31% of the total cultivated area of Zhejiang 
Province), including 0.3604 Mha of paddy field and 0.0636 Mha of upland. The per capita cultivated 
area in this river basin is 0.04 ha and garden plot 0.1309 Mha, accounting for 3.7% of the total land area. 
The details are shown in Table 1-11. 
 

Table 1-11 Population and cultivated Area in Qiantang Basin 
 

Municipality Area 
(km2) 

Population 
(million) 

Cultivated 
Area 

(Mha) 

Paddy Field 
(million ha) County/city/district 

 
Quzhou 

 
8303 

 
2.378 0.0987 0.0871 

Kecheng, Jiangshan, Quxian, Kaihua, 
Changshan, Longyou 

 
Jinhua 

 
 

9198 

 
 

4.102 0.1546 0.1358 

Wucheng, Lanxi, Jinhua, Yongkang, 
Wuyi, Dongyang, Yiwu, Pujiang, Pan’an

  

Hangzhou 13224  
2.879 0.1169 0.0897 

Xiihu, Binjiang, Xiaoshan, Ting’an, 
Tonglu, Jiiande, Fuyang, Lin’an 

Shaoxing 2329 1.062 0.0436 0.0389 Zhuji 
Lishui 2446 0.249 0.0103 0.0090 Suichang, Longquan, Jinyun 
Total 35500 10.67 0.4240 0.3604  

 
1.3.1   Water resources 
 
Qiantang River Basin comes under subtropical monsoon climate with well-marked four seasons. The 
average annual precipitation is between 1200 mm and 2200 mm and evaporation between 800 mm and 
1000 mm. 
 
The total water resources in Qiantang River Basin (upstream of Hangzhou Gate) is 38.64 billion m3, 
indluding 7.71 billion m3 of unconfined groundwater resources, accounting for 20% of the total amount. 
The water resources in the main stream and tributaries of Qiantang River (upstream of Hangzhou Gate) 
is shown in Table 1-12. 

 
Table 1-12 Water Resources in Qiantang River Basin (upstream of Hangzhou Gate) 

 

Unconfined Groundwater 

River Tributary 

Catchment 
Area 

 
(km2) 

Total Water 
Resources 

 
(billion m3) 

Groundwater Resources 
(billion m3) 

Recharge Modulus of 
Groundwater 

(thous/and m3/km2) 

Qiantang  41945 38.64 7.71 185 
 Xin’an 11674 11.0.0 2.10 180 
 Changshan 3385 4.33 0.84 243 
 Jiangshan 1946 2.26 0.48 244 
 Wuxi 2577 2.94 0.63 243 
 Jinhua 6782 5.20 1.12 164 
 Fenshui 3444 3.18 0.62 181 
 Puyang 3452 2.46 0.62 181 

 
The water resources in Qiantang River basin are unevenly distributed annually. The division of spring, 
summer, autumn and winter in China is February to April is spring, May to July is summer, August to 
October is autumn and November to January is winter. Influenced by mold rain, the high-water period 
in the upstream of Mei City, including Qu River, Lan River and Xin’an River is usually between March 
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and June or April and July when the water resources account for 60%～65% of that of the whole year. 
July to February of the next year or August to March of the next year is drought period when the water 
resources account for 35%～40% of that of the whole year. Influenced by mold rain and typhoon rain, 
there are usually two high-water periods in the downstream of Mei City, including the main stream of 
Fuchun River, Fenshui River and Puyang River. The first period is between March and June or April 
and July when the water resources account for 40%～50% of that of the whole year. The second is 
usually in August or September when the water resources account for 15%～20% of that of the whole 
year. The water resources in the downstream of Mei City are the same as that in the upstream if there is 
no influence from typhoon. There is usually only one high-water period that is usually between March 
and June when the water resources account for 60%～70% of the total. 
 
The river runoff also varies much interannually and the proportion between the maximum and the 
minimum is about 3 to 4 times. The river runoff in drought year with 95% probability is only about 50% 
of the annual average. Consecutive high-water years and consecutive drought years frequently occur in 
this river basin. 
 
1.3.2 Agricultural development and land use 
 
Qiantang River Basin has favorable natural conditions and rich agricultural resources. Intensive 
cultivation and combination between agriculture and husbandry etc., traditional agriculture have been 
formed in its long history of development. It also has great potentialities in the development of forestry 
and fishery and is always an important area for the all-round development in agriculture, forestry, 
sideline and fishery in Zhejiang Province and Anhui Province. Its cultivated area in 2000 is 0.4240 Mha, 
accounting for 11.9% of the total land area and the per capita cultivated area 0.04 ha, garden plot 0.1309 
Mha, accounting for 3.7% of the total land area. The main land uses in Qiantang Basin is shown in  
Table 1-13. 
 

Table 1-13  Main land uses in Qiantang Basin in 2000 
 

Land use(thousand ha) Upstream Downstream 
Total land area 2520 1030 
Available cultivated area 288.8 135.2 
Gross cropped area 577.6 270.4 
Farmland irrigated area 267.9 125.4 
Fruit irrigated area 105.2 25.6 
Forest area 967.3 452.7 

 
Paddy rice, wheat, barley, maize, soybean and potato are the staple crops in this river basin as well as 
tea, rape, cotton, sugarcane and medical materials etc., cash crops and tea-oil tree, orange, bayberry, 
grape, persimmon and loquat etc., cash trees. Jinqu Basin is the second commodity grain base where the 
production of cotton occupies a pivotal position in Zhejiang Province. With the development of 
town/township enterprises in recent years, the economy here develops rapidly. In 2000, the gross value 
of agricultural and industrial output is RMB 258 billion (US$31.1 billion), accounting for 17% of the 
total and it has become one of the area in Zhejiang Province with much potentialities in economic 
development. 
 
1.4 Status of studies and consultations 
 
1.4.1   Preparatory Workshop 
 
A preliminary workshop organized by the secretariat of Chinese National Committee on Irrigation and 
Drainage (CNCID) was held in November 2002 and a Project Lead Team consisting of director generals 
from the Ministry of Water Resources (MWR) and from provincial water conservancy departments, a 
Project Work Team composing of specialists from MWR, China Institute of Water Resources and 



 
 

 14 

Hydropower Research (IWHR), CNCID and Zhejiang and Shandong provincial water conservancy 
departments, and a Consultant Team were established and the detailed program for this project was 
made. A consensus that this CPSP project is of great significance to China’s irrigation development, 
rational allocation of water resources, and food security was made during the workshop. 
 
1.4.2 Basin Level Consultation  
 
After over half year of data collection and model modeling, a draft general report about the water 
availability assessment for the present status and projection for water balance and food security for 
future scenarios in the two selected basins was made and a basin level consultation was subsequently 
held in July 2003 in Beijing. After soliciting opinions and comments from the Central Office and 
domestic specialists, this report was revised for many times and a national level water and food 
assessment involved in 9 major river basins of China was made. 
 
 
II APPROACH TO BASIN WATER RESOURCES ASSESSMENTS AND CPSP 
 
2.1 General 
 
The CPSP looks at water resources in the context of coordinated development and management of 
water, land and related resources, integrating the needs of various human uses including vital needs of 
terrestrial and aquatic eco-systems. Policies and programmes in other sectors particularly those 
dictating land use influence not only demand on resources but also have implications in the availability 
of water supplies. For example, expansion of irrigation to new lands including conversion of rain-fed 
lands to irrigated lands, and barren lands to forest-lands; tend to increase evapo-transpiration and hence 
reduce the total water availability.  
 
Similarly, rainwater harvesting and soil & water conservation practices both in irrigated and 
non-irrigated or rain-fed condition, influence the total as well as inter-distribution of surface and 
ground-waters. Impact of internal changes in land use as well as policies and programmes in regard to 
soil and water conservation can be properly tested only when overall water balance for the entire land 
phase of the hydrologic cycle is studied. Furthermore, dry season flow in rivers is contributed by 
shallow aquifers. In India, groundwater use for agriculture is slowly turning out to be a major 
component in some basins. Since such use affects the base flow in rivers besides causing depletion of 
water tables, separate water accounts are needed for the river-surface and ground-water systems to 
achieve integration of supply sources and consider interaction between the surface and ground water 
components. The hydrologic model for the basin level assessments was evolved to cater to this broader 
need and for integration of water and land resources for sustainable use. 
 
2.2 Methodology 
 
The general step by step approach for basin assessment and consultation for CPSP is as follows: - 
 

1. Collection and preliminary processing of data.  

2. Setting up and validating a hydrologic model for the basin. 

3. Simulating responses for the past and projected future scenario(s). 

4. Assessment of water availability, and water uses for the past, present and future likely 
scenarios. 

5. Discussing the preliminary findings in basin level consultation. 

6. Suggesting policy changes to realise a desirable and practicable future scenario. 
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7. To study the water needs of ‘people’ sector for sample cities to project future urban/ industrial 
demands. 

8. To consider improvements in the PODIUMSim-India model, and attempt interfacing of the 
hydrologic model developed for the CPSP with PODIUM. 

9. Reviewing the studies through refinement of steps, mainly, 2 to 5.  

10. Preliminary study of some additional basins to facilitate extrapolation of the findings and draw 
inference on policy interventions at the country level. 

11. Holding preparatory level consultations on the hydrologic modelling aspects considering its 
role in basin water resource assessment and providing inputs to the model’s national level 
policy attributes.  

12. Holding national level consultations. 

13. Holding consultations with Government and International Funding Agencies. 
 
2.3 The Hydrologic Model : Introduction and the Attributes 
 
The development of the hydrologic model was guided by the approach to the CPSP studies as outlined 
earlier and keeping in view the data availability and time constraints. The model was envisaged to have 
the following attributes: 
 

• Simplicity, in concept.  

• Capability to deal with the entire land phase of the hydrologic cycle, from precipitation to ET 
and outflow to sea including withdrawals & returns  

• Flexibility, to allow depiction of changes in land use, as also human interventions through 
irrigation. 

• Capability to depict surface and groundwater balances separately and to allow depiction of 
interaction between them as also impacts of storage and depletion through withdrawals.  

 
The need for depicting the entire land phase, stems from basic hydrologic premise that precipitation 
(and not river flow/ aquifer recharge) constitutes the primary resource, and evapo-transpiration 
management to increase the flows in rivers/ aquifers is a potential development strategy which could be 
encouraged through policy intervention, either for improving river flows or the traditional resource. At 
the same time, on demand side: consumptive use was considered as the indicator of the sectoral use 
rather than the water withdrawal. 
 
The study team therefore preferred a model that would depict land use changes and also allow the 
accounting of water use by the natural vegetation in non-agricultural lands for supporting terrestrial 
ecology, as also the water use by rainfed agriculture towards water for food and possibility of better 
deployment of rainwater through harvesting on such lands. 
 
The conceptual diagram (schematic) of the hydrologic model, as finally chosen, is shown in Figure 7. A 
brief description of the various modules of the model is given in Annex 3 to the report.  
 
2.4  The Present Report 
 
A rush first draft as on 1 Nov 2003 is put together to be sent to the participants of the INC well in time 
for their study and for sending written comments for compilation and for facilitating consultation. It 
comprises 7 sections: introduction; approach; modelling for two sample basins; extrapolation to all 
India basins; D&I sectoral needs; and the policy related issues. The study team has put in strenuous 
efforts to stick to the time table. The leaders of the study teams have similarly diligently put together all 
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the material and drafted this report. Obviously, readers may find several editorial errors besides some 
loose ends. Also all the policy interventions, which are being debated in the study teams have not been 
brought out yet. The draft will undergo a revision during the month after the INC as a result of the 
consultation. At the end of this year, the course will be clearer for the remaining work on the CPSP till it 
closes in June 2004. The programme for such conclusion will be built in the revised report and may be 
the ICID might go in for another INC before closure. 
    
 

 
 
 

Figure 2.1.  Schematic Hydrologic Model 
 
 
III THE MODELLING OF JIAODONG BASIN 
 
Considering administrative division, similar hydrologic and water use attributes, and available data, two 
sub-basins are divided and studied; they are Yantai city and Weihai city. The model was calibrated by 
using past and present condition, which represent respectively land use, irrigated area, water use 
volume and water use pattern around 1980 and 2000 year, and applied to derive responses 
corresponding to future scenarios using monthly time steps.  
 
3.1 Basic data inputs 
 
All basic data inputs are shown in Annex 2. The monthly rainfall in Yantai adopts the average values of 
44 years of Yantai rainfall gauge from 1956 to 1999. The monthly rainfall in Weihai adopts the average  
values of 44 years of Weihai rainfall gauge from 1956 to 1999 (Table 3.1). The reference 
evapo-transpiration(ET) is estimated using the ET values of Longkou station where is located in the 
northwest of Yantai city (Table 3.2). The crop coefficient (Kc) and growth season in Yantai and Weihai 
adopts the research results of Longkou station (Table 3.3). Table 3.4 presents the agriculture water use, 
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industry and domestic (D&I) water use from 1984 to 2000, in which the average values from 1984 to 
1986 and those from 1996 to 2000 are regarded as representative of the water use in the past (1980) and 
present (2000) conditions respectively. The water requirement for D&I in the future (2025) condition 
comes from the predicted results made by local agency (table 3.5). Agricultural water requirement in 
different future scenarios is calculated directly by model.  
 
3.2 Land use types 

 
According to the requirement of data input in the model, the land-use types in table 6 were used, in 
which the parcels from P5 to P11 represent the rain-fed land and the parcels from 12 to 19 represent the 
irrigated land. The similar crop rotations were assumed in the rain-fed land and irrigated land.  
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3.3 Scenarios studied 
 
The various scenarios studied are shown in Table 3.7. The land use, irrigated area, water use pattern 
around 1980 year represent the past state, and these terms around 2000 year are the representative of 
present (2000) condition. The past and present conditions indicate the actual state that ever happened in 
the basin, and used for calibrating the hydrological components of the model. The model was run on 
monthly basis and annual average rainfall conditions for all scenarios studied. The land use data used in 
different scenarios is shown in Figure 3.5.The net and gross cropped areas—irrigated and rain-fed are 
given in Figure 3.6. The distribution of Net Irrigated Area (GIA) by crops and seasons is described in 
Figure 3.7. The distribution of net irrigated area through surface and groundwater is given in Figure 3.8. 

             Table 6  Land categories used in the model

P1 Forest and miscellaneous tree

P2 Permanent pastures

P3 Not available for cultivation, waste, & fallow

P4 Land under reservoirs

P5 AGR.RFD1winter wheat and summer maize 

P6 AGR RFD2 winter wheat and soybean

P7 AGR RFD3 winter wheat and groundnut

P8 AGR RFD4 vegetable/melons

P9 AGR RFD5 fruit

P10 AGR RFD6 groundnut/potato

P11 AGR.RFD7 winter wheat

P12 AGR.GRP1winter wheat and summer maize 

P13 AGR GRP2 winter wheat and soybean

P14 AGR GRP3 winter wheat and groundnut

P15 AGR GRP4 vegetable/melons

P16 AGR GRP5 fruit

P17 AGR.GRP6 groundnut

P18 AGR.GRP7 (sweet) potato/others

P19 AGR.GRP8 winter wheat
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Table 3.7  Description of scenarios 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.5 Distribution of the net land area in Jiaodong basin 
 
 
 
 
 
 

Sr. No. Sr.Studied Abbreviation

Same as future III, soil  management in the barren
lands,import 300 million m3 water, and further reduced
groundwater withdrawal.

Future V(2025)
Same as III,soil mgt,
import more water and
further reduced GW use

7

Same as future III,but with drip irrigationSame as future III with
drip irrigationFuture IV(2025)6

Same as future II, but the ratio of surface irrigation to
total irrigation increased from 0.3 at present to 0.5 in
Yantai

Better system mgt and
reduced GW useFuture III(2025)5

Same as Furture I, but the covering rate of forest area
maintains the available level

B. as U.without
expansion of forestFuture II(2025)4

3

Past(1980)

Present(2000)

Description
The land uses, irrigated area, water use pattern represent
the past conditions around year 1980
The land uses, irrigated area, water consumption
volume, water use pattern represent 2000's year  state.

1

2

Irrigation expansion is based on local planning, the
proportion of surface and groundwater irrigation same as
at present,the covering rate of forest increases to 40%
based on present development speed,and import of about
97 million m3 in Yantai and 50 million m3 water in
Weihai.

B. as U.Future I(2025)

Around 1980

Up to date
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Figure 3.6 Net and Gross cropped areas—irrigated and rain-fed in Jiaodong basin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.7 Distribution of GIA by crops and seasons in Jiaodong basin 
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Figure 3.8 Net irrigated area by source in Jiaodong basin 
 
The area under food-irrigated agriculture in the past and present conditions in Figure 5 is the actual 
irrigated area, and accounts for 66 and 68 percent of the command-irrigated area respectively. The 
command-irrigated area for the future (2025) would be 1.16 times as large as that in the present 
condition. In the planting pattern of crops, the two-season wheat/maize and single-season crops 
dominates a large part of cropped area. For the future scenarios, the two-season crops area and the 
cropping intensity will be increased with the expansion of irrigated area. Due to limited sunlight and 
energy conditions, with the increase of cash crop and the decrease of grain-crops, the increase of 
cropping intensity will be also limited. Corresponding to Figure 8, the pattern of surface water and 
groundwater use is described in Table 3.8.  
 

Table 3.8 Water use pattern of surface water and groundwater 
 

Sr. studied Proportion of surface irrigation to total 
irrigation 

Past(1980) 0.6 in Yantai and Weihai 
Present (2000) 0.3 in Yantai and 0.7 in Weihai 
Future I(2025) 0.3 in Yantai and 0.7 in Weihai 
Future II(2025) 0.3 in Yantai and 0.7 in Weihai 
Future III(2025) 0.5 in Yantai and 0.7 in Weihai 
Future IV(2025) 0.5 in Yantai and 0.7 in Weihai 
Future V(2025) 0.7 in Yantai and 0.7 in Weihai 

 
3.4 Model calibration 

 
Owing to time and available data constraints, rigorous calibration of the model was not attempted. 
Based on the available data, the data for past (1980) and present (2000) conditions was used for 
calibration and the calibration was limited to match with the following situation. 
 

1. Comparing the yearly outflow with the observed runoff in Yantai and weihai, the observed 
runoff is estimated from available data provided by local agency.  
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2. Comparing the yearly recharge to groundwater from natural rainfall and surface water 
computed by the model with the estimations made by local agency. 

3. Comparing the groundwater fluctuation within an average year with the observed groundwater 
fluctuation. 

4. Comparing agricultural water use with actual water use observed by local agency. 
 

The approximate comparison for above-mentioned 1, 2 and 3 section between calculated and observed 
values is shown in table 3.9. The comparison of irrigation water use and actual water use is given in 
table 3.10. 
 

Table 3.9 Comparison of calculated and observed results for past and present conditions 

 
 

Table 3.10 Comparison of calculated and actual irrigation water use  
for past and present condition (million m3) 

 

 
 
It can be seen from table 3.9 that the results calculated by model match the observed values well. The 
model underestimated actual outflow and overestimated recharge to groundwater a little. The outflow 
and recharge to groundwater at present has a marked reduction than past condition. The main reason 
might be the change of land uses. The covering rate of forest area at past and present conditions have a 
large difference, in which the covering rate of forest area has gone up from 20 percent at past to 30 
percent at present. Therefore, the consumption water from nature sector will be increased. 
 

Condition Calculated by
model Observed Difference(%)

Yantai 1528 1710 -10.6
Weihai 1155 1100 5.0
Total 2683 2810 -4.5
Yantai 858 895 -4.12
Weihai 403 399 1.0
Total 1261 1294 -2.53
Yantai 362 401.4 -9.81
Weihai 199 222.9 -10.59
Yantai 1136 1165 -2.5
Weihai 947 912 3.8
Total 2082 2077 0.3
Yantai 668 NA  
Weihai 341 NA  
Total 1010   
Yantai 307 375.3 -18.1
Weihai 169 141.9 18.9

Past(1980)

Present(2000) Yearly total recharge to
groundwater(million m3)

GW flunctuation within
the years(mm)

Yearly outflow(million m3)

Items

Yearly outflow(million m3)

Yearly total recharge to
groundwater(million m3)

GW flunctuation within
the years(mm)

Calculated by
model

Actual water
withdrawal Difference(%)

Yantai 767 955 -19.6
Weihai 237 251 -5.4
Total 1005 1205 -16.6
Yantai 687 827 -17.0
Weihai 232 226 2.6
Total 919 1054 -12.8

Items

Past(1980)

Present (2000)
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The calculated groundwater storage change within the years was mostly underestimated compared to 
observed values. Due to missing data, the proportion of groundwater withdrawal given in the model was 
assumed the same for every month, and equal to the proportion of available yearly groundwater 
withdrawal, thus the calculated groundwater fluctuates smoothly. However, the actual proportion of 
groundwater withdrawal is different between months. During the dry season and high peak of crop 
water demand, the groundwater withdrawal would contribute a large part of water use. This might be 
main reason of the difference between calculated and observed groundwater storage change, whereas 
the rigid matching in the modeling was not tried. Taking the difference of groundwater level variation 
between two neighboring months as groundwater fluctuation, Figure 3.9 shows the comparison of 
average groundwater fluctuation between calculated and observed resulted during present condition. 
Obviously, the calculated results are in good agreement with the observed values.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.9  Comparison of average monthly GW fluctuation between calculated and observed 
values 

 
Given reference ET and crop coefficient under the known land uses and crop pattern, the calculated and 
actual irrigation water use in Jiaodong basin were compared in table 3.10, in which the actual irrigation 
water use from table 3.5 in Annex 2 includes a small volume of water use from fishery, and a 2 percent 
of water use for fishery was assumed and deducted from the actual volume. It can be seen from table 
3.10 that the calculated irrigation water use was underestimated, especially the larger difference in 
Yantai occurred. The difference might be that the actual ET be overestimated because the calculation 
time-step was based on monthly basis, therefore, the effective rainfall might be overestimated. 
Generally, the calculated results by model are acceptable, and the results show that the selected crop 
parameters are suitable for local condition.  
 
Through the above calibration, the results shows that the model responses the hydrological features of 
Jiaodong peninsular well, and can be used for predicting future hydrological cycle and water use 
situations Based on the calculated results, the main parameters of the model were accepted with the 
following values. 
 

1. The soil moisture storage capacity varies with land uses: 150mm for forests, 60mm for 
agricultural lands and 40mm for bare lands or land used for other purposes. Generally, high 
storage capacity would lead to higher evapo-transpiration and lower flows after rainfall. 

2. The 75 percent of excess water was assumed to yield surface flow (quick runoff) and the 
remaining 25 percent yields groundwater. Under this assumption, reasonable outflow and 
recharge to groundwater were obtained. 

3. In the calculation of actual ET, the exponential index, which represents the reduction of 
vapor-transpiration rate with the reduction of available soil moisture was given 0.8. 

4. A groundwater recession coefficient of 0.25 was adopted. 
 

- 0. 5

0. 0

0. 5

1. 0

1 2 3 4 5 6 7 8 9 10 11

cal cul at ed
obser vat ed`

GW
 f

lu
ct

ua
ti

on
(m

)

mont h

Wei hai

- 0. 5

0. 0

0. 5

1. 0

1 2 3 4 5 6 7 8 9 10 11

cal cul at ed
obser ved`

GW
 f

lu
ct

ua
ti

on
(m

)

mont h

Yant ai



 
 

 23 

3.5 Simulation of past, present and future conditions 
 

The model was applied to simulate the responses at past (1980), present (2000) and future scenarios 
with average rainfall. The table 11, 12 and 13 presents overall water balance as well as separate surface 
and groundwater balance at the basin level. These results are also shown in Figure 10, 11 and 12 
respectively. The calculated results can be summed up as follows 
 

Table 3.11 Overall annual water balance in Jiaodong (steady state) 

 

Table 3.12 Annual water balance for surface water resource system in Jiaodong (steady state) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Past(1980) Present(2000) Future I
(2025), B.as U.

Future II, B as
U without

expansion of
forest

Future III, with
better system

mgt and
reduced GW

use

Future IV,
same as future

III,drip
irrigation

Future V, same
as III, more
drip and soil
mgt,import

more water and
Inputs
Rainfall 13748 13748 13748 13748 13748 13748 13748
Imports 0 0 147 147 147 147 295
GW flow from other
basins 0 0 0 0 0 0 0
TOTAL inputs 13748 13748 13895 13895 13895 13895 14042
Outputs
Consumptive use total 10884 11679 12618 12257 12249 12208 12093
River flows total 2683 2082 1224 1608 1607 1647 1903
Export (surface) 0 0 0 0 0 0 0
GW flow to other basins 0 0 0 0 0 0 0
Direct GW flow to sea 0 0 0 0 0 0 0
TOTAL output 13567 13761 13843 13864 13856 13855 13996
Storage changes
Surface storages 0 0 0 0 0 0 0
GW storage 0 -54 0 0 0 0 0

 

Past(1980) Present(2000) Future I
(2025), B.as U.

Future II, B as
U without
expansion of
forest

Future III, with
better system
mgt and
reduced GW
use

Future IV,
same as future
III,drip
irrigation

Future V, same
as III, more
drip and soil
mgt,import
more water and
further reduced
GW use.

Inputs
Quick runoff from rainfall 2645 2173 1833 2108 2108 2108 2173
Base flow 570 230 240 406 302 309 290
Returns to surface from
surface irrigation 70 39 58 58 52 50 60
Returns to surface from GW
irrigation 6 8 9 9 6 5 3
Returns to surface from
D&I  withdrawals 138 229 552 552 552 552 552

Sub-total, returns to surface 213 276 620 620 610 607 615

Imports 0 0 147 147 147 147 295
Total inputs 3428 2680 2841 3281 3167 3171 3373
Outputs

Surface withdrawals for
irrigation in the basin 708 446 592 650 727 690 836
Surface withdrawals for
D&I in the basin 37 137 424 424 534 534 534
Total surface wirhdrawals,
for use in the basin 746 583 1016 1074 1261 1224 1370
Natural and induced
recharge from river to GW 0 0 600 600 300 300 100
Outflow to sea 2683 2082 1224 1608 1607 1647 1903
Export 0 0 0 0 0 0 0
Total output 3428 2665 2841 3281 3167 3171 3373
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  Table 3.13 Annual water balance for groundwater system in Jiaodong (steady state) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.10 Overall water balances in Jiaodong basin 
 
 
 

Past(1980) Present(2000) Future I
(2025), B.as U.

Future II, B as
U without
expansion of
forest

Future III, with
better system
mgt and
reduced GW
use

Future IV,
same as future
III,drip
irrigation

Future V, same
as III, more
drip and soil
mgt,import
more water and
further reduced
GW use.

Inputs
Natural recharge from rainfal 852 682 552 660 660 660 682
Returns to GW from surface
irrigation 281 157 234 234 209 199 241
Returns to GW from GW
irrigation 107 149 178 178 105 100 64
Returns to GW from D&I
withdrawals 21 39 97 97 97 97 97
Sub-total, returns to GW 409 346 509 509 411 395 402
Natural and induced
recharge from river to GW 0 0 600 600 300 300 100
GW flow from other basins 0 0 0 0 0 0 0
Total inputs 1261 1028 1661 1769 1371 1356 1184
Outputs
 GW irrigation withdrawals,
including GW pumpig to
surface canals 296 473 715 657 465 442 286
GW withdrawals for D&I
use 257 409 725 725 615 615 615
Sub-total GW withdrawals 554 882 1440 1382 1081 1057 901
Base flow to rivers 570 216 240 406 302 309 290
GW flow to other basins 0 0 0 0 0 0 0
Direct GW flow to sea 0 0 0 0 0 0 0
Total outputs 1123 1097 1680 1788 1382 1366 1191
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Figure 3.11 River and surface water balance in Jiaodong basin 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.12 Groundwater balance in Jiaodong basin 
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3.5.1 General description  
 
Based on the past, present conditions and average rainfall in Jiaodong basin, the hydrological 
components and agricultural water use calculated by model are in good agreement with actual 
conditions. The observed groundwater indicates that the calculated groundwater fluctuation within the 
years basically fits the observed results, and the variation tendency of groundwater fluctuation matches 
the observed values. 
 
Compared to past condition, the outflow and recharge to groundwater at present reduce largely, in 
which the former has decreased by 22 percent and the latter by 20 percent. The withdrawal of 
groundwater accounts for 44 percent of total groundwater inputs at past, and 86 percent at present, thus 
base flow reduce to a great extent.  
 
The model indicates that the total recharge to groundwater at past condition is 1261 million m3, which is 
about 9 percent of average annual rainfall of 13748 million m3. These values appear reasonable, and 
match the estimations made by local agency. 
 
The model displays the extreme sensitivity for land use change, especially the shift between barren 
lands (or other unused lands) and forest area. Under the same irrigation expansion, when the covering 
rate of forest area is extended from 30 percent to 40 percent, the nature consumption has a marked rise, 
and the surface water reduces obviously. 
 
In the present condition, the actual irrigated area takes up only 68 percent of command-irrigated area, 
and the actual water withdrawal for irrigation computed by model is 919 million m3, which was a little 
lower than observed values. With the expansion of irrigation in the future scenarios, the 
command-irrigated area would be 1.16 times as large as that of present condition. The water 
requirement for agriculture under planned development condition (future 3.I) would reach 1307 million 
m3, increasing 42 percent of water withdrawal over the available actual water use. While the proportion 
of surface irrigation to total irrigation keeps the available level, the water requirement for agriculture, D 
& I is 1074 million m3 from surface water and 1440 million m3 from groundwater. The capacity of 
surface water supply for scenario future (2025) will reaches 1611 million m3, completely meeting the 
demand of surface water withdrawal, but the groundwater withdrawal would far exceed the total inputs. 
Therefore, various water management measures should be adopted, such as changing water use pattern 
of surface water and groundwater, improving further the efficiency of water use, import more water, 
natural &induced recharge from river to groundwater or pumping water from groundwater to river to 
maintain the river and groundwater balance. 
 
3.5.2 Consumptive use of water   
 
The scenarios future I—V adopted planned command-irrigated area given by local agency. Due to the 
expansion of irrigated area and increase of irrigation water use, the agricultural consumptive use would 
go up compared to past and present conditions, especially additional consumptive use from irrigation. 
Through adopting water saving measures, such as the raise of irrigation efficiency, more drip irrigation 
and soil management, the irrigation water use for future scenarios cuts down, such as future IV—V. 
 
For the current condition, the total consumptive use is 11821 million m3, including nature sector of 6114 
million m3, agricultural sector of 5430 million m3 and people sector (D and I) of 277 million m3. The 
agricultural use of 5430 million m3 is made up of ET from rainfall and soil moisture in rain-fed and 
irrigated lands, additional ET met from irrigation and reservoir evaporation. Non-beneficial 
consumption would be from reservoir, waterlogged areas, or from lands without crops in particular 
seasons. In the total consumptive use, non-beneficial ET is 2291 million m3 in the nature and 711 
million m3 in the agricultural sectors. The beneficial ET in the nature sector changes obviously with the 
expansion of forest area or without. Corresponding to 20, 30 and 40 percent of forest covering rate for 
past, present and scenario future I, the beneficial ET in the nature sector is 2473, 3823 and 4946 million 
m3 respectively, non-beneficial ET decreases accordingly. Total ET in the nature sector has increased by 
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12 percent over the past condition. If the covering rate of forest area continues to expand on the basis of 
available development speed, total ET in the nature sector would be on the increase and increased by 8 
percent in future (2025) over the present condition.     
 
In the agricultural sector, the non-beneficial ET at present takes up 13.2 percent. With the expansion of 
irrigated area and increase of cropping intensity for future scenarios，the proportion of non-beneficial 
ET reduces to 10—11.3 percent. In Jiaodong basin, along with the adjustment of planting structure in 
which the grain-crop area reduces and cash-crop area rises, the potentiality of cropping intensity 
increase is limited. To reduce the non-beneficial ET in the agricultural sector, the soil and water 
management in the fallow lands can lead to an improvement ET, such as scenario V including better soil 
management in the barren land, non beneficial consumption from irrigated land would reduced to12 
percent.  
 
Compared to present condition, the command-irrigated area in the future scenarios increase from 492.8 
kha to 570.9kha, rising 16 percent. The agricultural consumptive use only increases about 3.5 percent; 
the consumptive increase mainly comes from additional irrigation consumption. Owing to the adoption 
of water-saving measures, the increase of irrigation water use is not large so that the agricultural 
consumptive use rises less, especially for future V with the increase of 2 percent. Table 3.14 summaries 
the composition of sector’s consumptive use under different scenarios. Figure 3.13 gives graphically 
consumptive use. 
 

Table 3.14 Consumptive use (evapo-transpiration) by sectors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.13 Consumptive use (ET) by use sectors in Jiaodong 
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Nature sector
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D&I (People sector) 136 277 500 500 500 500 500
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3.5.3 Surface water 
 
The withdrawal of surface water at past and present was the similar and equal to 22 percent of total 
inputs, but the return flows contribute 6 percent of total inputs at past and 10 percent at present. Thus 
more risk for pollution of downstream water was caused at present than at past. Also, the base flow 
availability reduced significantly at present due to more groundwater use.    
 
In the future scenarios, the water requirement in the command-irrigated area is far larger than available 
actual irrigation water use, and the predicted water use for D&I go up much too. The withdrawal of 
surface water reaches 33—41 percent of total inputs. With reduced groundwater use in Yantai, the 
withdrawal to input ratio for scenario future III and IV reaches about 41 and 40 percent respectively, and 
return flows to input ratio approaches all 19 percent. Compared to future II, the withdrawal of surface 
water have a large increase, but return flows to input ratio increases a little. With further reduced 
groundwater withdrawal and more import water, scenarios future V have 41 percent of surface 
withdrawal to total inputs, and the return flows to input ratio is a little lower than that of other future 
scenarios.  
 
In all future scenarios, the base flow and river outflow are affected by the pattern of development, and 
reaches the smallest for scenario future I. The total river flows (after providing the natural & induced 
recharge from river to ground water) and its monthly distribution are shown in Figure 3.14. From 
scenario future I to future V, the total river flows improved gradually. The outflow to sea for scenario 
future V approaches the available level and only 4 percent lower than that of present condition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.14 Monthly river flows in Jiaodong basin 
 

 
The model output shows that the actual withdrawal of surface water at present is 583 million m3. For 
future I, the withdrawal requirement for agriculture, D&I from surface water would reach 1074million 
m3, additional induced recharge to maintain the groundwater balance is 600 million m3, reaching the 
maximum capacity of surface water supply.  
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3.5.4 Groundwater 
 
In the basin, extensive groundwater use has been practiced. In the past condition (1980), the withdrawal 
of groundwater constitutes only 44 percent of the inputs, whereas the return flow is 32 percent of the 
inputs. In the present condition, the withdrawal of groundwater accounts for 86 percent of the inputs. 
The groundwater withdrawal at present has a striking rise due to more groundwater use, however, the 
return flows to input ratio increases a little; the groundwater withdrawal exceeds the possible 
exploitation rate, and indicates the unsustainable groundwater balance. For scenario future I with 
business as usual, the withdrawal of groundwater contributes still 87 percent of the inputs even though 
600 million m3 of induced recharge from river to groundwater, but the return flows to input ratio 
decreases. If the covering rate of forest area maintains the available level such as future II, the 
withdrawal of groundwater decreased to 78 percent of the inputs under the same recharge from river to 
groundwater, and the base flow availability improved.  
 
In order to maintain the groundwater balance, the proportion of groundwater withdrawal should be 
reduced, especially for Yantai. When the proportion of surface irrigation to total irrigation in Yantai for 
scenario future III increased to 50 percent from available 30 percent, the withdrawal maintains the 
similar ratio compared to future II but with 300 million m3 of induced recharge. With more drip 
irrigation (future IV), further reduced groundwater use and more import water (future V), the 
withdrawals would constitute 78 and 76 percent of the inputs respectively, whereas the induced 
recharge for future V decreased to 100 million m3, the return flow to input ratio increases a little, and 
future V reaches an approximate balance state.  
 
The withdrawals of both surface water and groundwater for different scenarios are shown in Figure 3.15. 
The irrigated cropped areas and withdrawals are shown in Figure 3.16. Under the same planting pattern 
and planned irrigation expansion, these withdrawals depend mainly on the pattern of surface and 
ground water use.  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.15 Composition of withdrawals in Jiaodong basin 
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Figure 3.16 Irrigated cropped area and withdrawal for irrigation in Jiaodong 
 
 
3.5.5 GW pumping & induced recharge 
 
The withdrawals from surface and ground water would be met from the available surface and 
groundwater waters. When the surface water was not available, additional pumping from ground water 
to the surface canals was required to fulfill the surface water demands. Similarly, due to heavy 
groundwater withdrawals, the sustainability of the groundwater storage under the average recharge 
conditions would be disturbed, and the assumption of natural and induced recharge from surface to 
groundwater would be required. The demands for groundwater pumping into canals and natural & 
induced recharge for all scenarios are given in table 15. The groundwater pumping to canals is often at 
the time when the river flow is low and the water requirement for crops is high. Whereas the natural & 
induced recharge from river to GW is mostly in the high flow months. Obviously, if maintaining 
available 30 percent proportion of surface irrigation to total irrigation, more natural & induced recharge 
from river to groundwater for scenarios future I and II was needed because the groundwater was 
overexploited (seeing groundwater section). While the proportion of surface irrigation to total irrigation 
in Yantai increases to 50 percent such as scenario future III and IV, the natural & induced recharge could 
be reduced, but the groundwater withdrawal approaches or exceeds the exploitation rate, and the 
groundwater balance would confront crisis. If the proportion of surface irrigation to total irrigation in 
Yantai further increases to 70 percent and import more water, the groundwater withdrawal to input ratio 
maintains the similar level and the natural & induced recharge could be reduced, the groundwater could 
maintain an approximate balance for a long time. Given surface storage filling and depletion for all 
future scenarios, the groundwater pumping to surface canals for meeting shortages in surface irrigation 
would be zero except future I in which 58 million m3 water is needed to meet the filling of surface 
storage. If the other water sources such as saline water, sewage reuse and seawater use could be 
developed to meet the shortages, the surface water and groundwater situation could be improved 
further.  
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Table 3.15 Requirements of groundwater pumping into canals and 
Natural and/or induced recharge from river to groundwater for all scenarios 

 
 

3.5.6 Water situation indicators 
 
The four water situation indicators were proposed to depict the level of water use (withdrawals) and 
potential of hazard (due to return flow) to water quality. Table 3.16 presents the values of these 
indicators for Jiaodong basin. Indicator 1 and 2 represent respectively the proportion of surface 
withdrawal and return flows taking up total surface inputs. Indicators 3 and 4 represent respectively the 
proportion of groundwater withdrawal and return flows taking up total groundwater inputs. It can be 
seen that the groundwater withdrawal in Jiaodong peninsular basin was highly stressed than past 
condition, and groundwater quality was under moderate threat. With the utilization of surface water, the 
return flows to input ratio would increase largely compared to past and present conditions, indicating 
more risk of pollution for surface water resources, especially downstream water. Therefore, the related 
water prevention measures must be adopted to lighten the pollution pressure as soon as possible along 
with the change of water use pattern. 
 

 
 
3.5.7 Main findings in Jiaodong basin modeling 
 
1. The model output shows that the outflow to sea and recharge to groundwater were on the decrease 

from past to present, in which the yearly outflow to sea reaches 2683 million m3 in the past 
condition, and 2082 million m3 in the present condition, the yearly total recharge to groundwater is 
1261 million m3 in the past condition, and 1010 million m3 in the present condition that match the 
observed results (or estimations) made by local agency. An approximate validation was obtained. 

2. The different land types have a large impact on consumptive use, thus influences the total 
hydrological cycle, especially the land shift between barren land and forestland. Corresponding to 
20, 30 and 40 percent covering rate of forest area at past, present and future scenario I, the 
consumptive use from the nature sector would be respectively 5459, 6114 and 6601 million m3 in 
which the beneficial consumption in the nature sector accounts for 45, 63 and 75 percent of total 
consumption. Total ET in the nature sector has increased by 12 percent over the past condition. If 
the covering rate of forest area continues to expand on the basis of available development speed, 
total ET in the nature sector would be on the increase and increased by 8 percent in future (2025) 
over the present condition. Therefore, that maintain available forestland and moderately develop 
the forest area in the future would be sensible choice for sustainable water resources development. 

Description Past Present Future I Future II Future III Future IV Future V

0 0 600 600 300 300 100

0 0 58 0 0 0 0

GW pumping to surface
canals for meeting
shortages in surface
irrigation

Natural & induced
recharge from river to
GW  for balancing the
GW

Past Present Future I Future II Future III Future IV Future V
Indicator 1 0.217 0.218 0.358 0.327 0.398 0.386 0.406
Indicator 2 0.062 0.103 0.218 0.189 0.193 0.191 0.182
Indicator 3 0.439 0.858 0.867 0.781 0.788 0.780 0.761
Indicator 4 0.324 0.336 0.306 0.288 0.300 0.292 0.340

Table 16  Water situation indicators
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3. The flow from groundwater to river is decreasing from 592 million m3 per year at past to 292 
million m3 per year at present, this indicates a decreasing groundwater storage, thus signifying the 
crisis of the groundwater deterioration. For future scenario I with business as usual, the flow from 
groundwater to continues to reduce.  

4. The actual irrigated area at present takes up 68 percent of the command-irrigated area, and actual 
water withdrawal computed by model is 919 million m3. With the expansion of irrigated area for 
future scenarios, the command-irrigated area would be 1.16 times as large as present condition. The 
model shows that the water requirement for agriculture under planned development condition 
(future I) is 1307 million m3, increasing 42 percent of water withdrawal than available actual water 
use. While the proportion of surface irrigation to total irrigation maintains the available level (30 
percent), the water requirement for agriculture, D & I is 1074 million m3 from surface water and 
1440 million m3 from groundwater. The capacity of surface water supply for scenario future (2025) 
will reaches 1611 million m3, completely meeting the demand of surface water withdrawal, but the 
groundwater withdrawal would far exceed the total inputs. 

5. In order to sustain the groundwater balance, the groundwater withdrawal should be reduced, 
especially for Yantai. While the proportion of surface irrigation to total irrigation increases to 50 
percent from available 30 percent and better water and soil management was adopted, the 
groundwater withdrawal decreases to 1081 million m3 and 1057 million m3 respectively for 
scenario future III and IV. With further reduced groundwater use, the groundwater withdrawal for 
future V would be 901 million m3.  

6. For scenario future I with business as usual, the river outflow reaches the smallest in all scenarios, 
the environmental water requirement to maintain the basic water demand for river would be 
affected. Through adopting different measures, the river outflow from scenario future I to V 
improved gradually. Compared to scenario future IV, with more water imported and better soil 
management, the outflow to sea could be improved, and approaches the available level with only 4 
percent lower than that of present condition. 

7. The model output shows that Jiaodong peninsular basin exists a serious water shortage in the future. 
The groundwater withdrawal had been highly stressed than past condition. In order to mitigate a 
burden of groundwater withdrawal, the groundwater should be moderately exploited. With the 
utilization of surface water, the return flows to input ratio would increase inevitably in the future, 
indicating more pollution risk for surface water resources, especially downstream water body. 
Therefore, the related water prevention measures must be adopted to reduce the pollution as soon as 
possible along with the change of water use pattern. 

8. With the increase of industry and domestic water use, the agriculture would confront the crisis of 
water shortage increasingly. Enlarging the power of water-saving measures would enhance 
remarkably the utilization efficiency of irrigation water, and decrease the water withdrawal for 
irrigation; this was also reported in the modeling results. The more water need be also imported 
from outside basin to supply water demand of industry and domestic in order to lessen the 
contradiction between agriculture and D&I water use.   

 
 
IV  THE MODELING OF THE QIANTANG BASIN  
 
4.1 General 
 
Qiantang Basin, which accounts for 34% of the total land area of Zhejiang Province, is a water rich area 
in Southeast of China. Table 4.1 provides the main features of Qiantang Basin and Zhejiang Province in 
year 2000.  
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Table 4.1    Main features of Qiantang Basin and Zhejiang Province in Year 2000 
Main features Zhejiang 

Province  
Qiantang Basin Percentage of Qiantang 

Basin to Zhejiang 
Province 

Land area (Mha) 10.32 3.55 34% 
Urban  3.557  
Rural  7.113  

Population 
(Million) 
 Total 44.90 10.67 24% 
Available cultivated area (Mha) 1.5904 0.424 27% 
Farmland irrigated area (Mha) 1.403 0.393 28% 
Forest area (Mha) 6.40 1.42 22% 

Surface water 94900 32703 34% 
Ground water 21165 6525 31% 
Duplicated 19698 6525 33% 

Water resources       
(million m3) 

Total 96367 32703 34% 
Surface water 19514   
Ground water 763   
Miscellaneous 50   

Water supply         (million 
m3) 

Total 20327 7746 38% 
Irrigation 11105 5029  
Domestic & Industry 9010 1407  

Water withdrawals     
(million m3) 

 
Total 20115 6436 32% 
number of large and 
middle reservoirs 

144 48 33% 

Water storage     (million 
m3) 

surface storage filling 
and depletion 

16796 7680 46% 
Outflow to sea    (million m3) 81681 29780 36% 

 
The model was calibrated for the present conditions and applied to derive responses corresponding to 
past and future scenarios using monthly time steps. Studies were done at basin level. The basin was 
divided into two sub basins which are third-level zones to allow segregation of areas having similar 
hydrologic and water use attributes (Figure 4.1). The two sub basins studied are: 
 

SB1 : Upstream of Fuchunjiang River 
SB2 : Downstream of Fuchunjiang River 

 
The present (year 2000) socio-economic conditions, including population, cultivated area, orchard area 
and equivalent sheep in the two SBs are shown in Table 4.2. 
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Table 4.2  Socio-economic Conditions of SBs in Qiantang Basin 

 
Population 
(million) 

Cultivated area 
(Km2) 

SB 
Urban Rural Subtotal Paddy Upland Subtotal 

Orchard 
(Km2) 

Equivalent sheep     
(million) 

SB1 2.41 4.93 7.33 2403.52 484.82 2888.34 1052.59 9.00 
SB2 1.15 2.19 3.34 1200.66 151.21 1351.87 256.08 2.82 
Total 3.56 7.11 10.67 3604.18 636.03 4240.21 1308.67 11.82 
 
The SB1 comprises around two thirds of the surface storages and land area. The monthly rainfall and 
reference ET data for the sub basins are given in Annex 4. The soil moisture capacity was varied for 
each type of land use, and values consistent with the likely root zone depths and field capacities were 
used. 
 
The water storage and water supply capacities of various projects for the present conditions, which are 
the key factors to check the rationalities of surface storage filling and depletion and area under 
reservoir, are detailed in Table 4.3, and projects being constructed and planned to be constructed for 
future scenario studies are shown in Table 4.4. These figures in the two tables were also used to estimate 
the water filling and storage capacities in the future scenarios.  
 

Table 4.3    Water Supply Capacities of Various Projects for the Present Conditions   (million m3) 
SB Liver storage of 

medium and large 
reservoirs 

Live storage of 
small 

reservoirs 

Water supply capacity of 
water withdrawal 

projects 

Water supply capacity of 
groundwater projects 

Total live 
storage 

SB1 1142.56 690.57 1169.51 212.16 1833.13 

SB2 81.3 195.89 729.39 72.89 277.19 
Total 1223.86 886.46 1898.9 285.05 2110.32 

 
Table 4.4   New Projects being Constructed & to be Constructed up to Year 2025 

Project Scale 

SB Project name 
catch  
area  
(km2) 

live 
storage 
(106 m3) 

potentionall
y irrigated 
area (km2)  

water 
diversion 

flow 
(m3/s) 

Project  
function 

Project 
attributes 

Misai Reservoir 797 146   irrigation to be constructed 
Furong Reservoir 126 72   irrigation to be constructed 
Longtan Reservoir 

44.38 12   

D & I water supply, 
flood control, power 
generation, irrigation to be constructed 

Changgeng 
Irrigation District 
Water Diversion 

Project 2082 4.98 60 6 irrigation being constructed 
Wanraong 
Reservoir   214.0107  irrigation being constructed 

SB1 

Baishuikeng 
Reservoir 330 176 96.0048  

flood control, power 
generation, irrigation to be constructed 



 
 

 35 

Xiachuan 
Reservoir 221.4 106   

irrigation, domestic 
water supply to be constructed 

Siqiao Reservoir 
57 20   

flood control, irrigation, 
power generation to be constructed 

Luozhangyuan 
Reservoir 76 13   

flood control, irrigation, 
power generation to be constructed 

Muchen Reservoir 
397 48   

flood control, irrigation, 
power generation to be constructed 

Gaopingqiao 
Reservoir 64 21   

flood control, irrigation, 
D & I water supply to be constructed 

Rehabilitation of 
Hengjin Reservoir  

increased 
by 28   

D & Iwater supply, 
irrigation to be extended 

Wangdian 
Reservoir  5.2   D &I water supply to be constructed 

Huaxi Reservoir  160   

irrigation, D & I water 
supply, flood control, 

power generation to be constructed 
Hengjin Water 

Diversion Project    1.2 D & I water supply to be constructed 
Badi Water 
Doversopm 

Project    2.2 D & I water supply to be constructed 
Rehabilitation of 
Yangxi Reservoir  

increased 
by 20   D & I water supply to be extended 

Haoxi Water 
Diversion Project    1.8 D & I water supply to be constructed 

Qianming 
Reservoir 304 59  0.8 D & I water supply to be constructed 

Liuan Reservoir 48.5 25  1 D & I water supply to be constructed 
Rehabilitation of 

Yuankou 
Reservoir 91 

increased 
by 22.4   

D & I water supply, 
irrigation to be extended 

Rehabilitation of 
Xili Reservoir 31 

increased 
by 10   

D & I water supply, 
irrigation to be extended 

Jiufeng Reservoir 120 52   

flood control, D & I 
water supply, power 

generation to be constructed 

Dongxi Reservoir 21 10   
D & I water supply, 

irrigation to be constructed 
Rehabilitation of 
Andi Reservoir  

increased 
by 4.83   

irrigation, D & I water 
supply to be extended 

 

Lixu Reservoir 33 10   
irrigation, D & I water 

supply to be constructed 
Wuliting 
Reservoir 2630 60   

flood control, irrigation, 
power generation to be constructed 

Qianxitan 
Reservoir  12   

D & I water supply, 
irrigation to be constructed SB2 

Nanshan 
Reservoir  25   

D & I water supply, 
irrigation to be constructed 

 
4.2 Land Use Types 
 
From Table 4.2 it can be seen that paddy rice is the major crop in this basin, accounting for 85% of the 
total cultivated area. Fruit and rapeseed ect., cash crops are also very common, the cropping area of 
rapeseed in 2000 is 733 Km, amounting to 12% of the total cropping area. Following fourteen standard 
land-use types were used in the model. It should be specially noted that the area under reservoirs 
(including ponds and swamps) is nearly closed to the total cultivated area because these reservoirs also 
take the functions of flood control and power generation besides irrigation and D & I water supply. 
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Moreover, with the rapid socio-economic development and adjustment of cropping pattern, more and 
more farmlands were converted into ponds for fisheries since 1980 when the reform and opening-up 
policies were carried out broadly.  
 

P1 Forest and miscellaneous trees 
P2 Permanent pastures 
P3 Land not available for cultivation, waste, & fallow 
P4 Land under reservoirs 
P5 Rainfed soybean and wheat 
P6 Rainfed fruit 
P7 N/E 
P8 N/E 
P9 N/E 

P10 N/E 
P11 Irrigated double cropping of rice 
P12 Irrigated early rice and autumn maize 
P13 Irrigated single cropping of rice and rapeseed/vegetable 
P14 Irrigated t sugarcane and barley 
P15 Irrigated cotton and wheat 
P16 Irrigated sweet potato and vegetable 
P17 Irrigated vegetable 
P18 Irrigated fruit 

 
4.3 Scenarios Studied 
              
The various scenarios studied are as follows: 
 

Sr. 
No. 

Abbreviation Explanatory notes 

1. Past (1980) The social economy developed quickly since the implementation of 
the reform and opening-up policies after 1980. 

2. Present (2000) To date. 
3. Future I (2025) 

B as U  
Business as Usual.  
With increased water infrastructure (and small import), Irrigation 
expansion with cropping pattern same as at present. Proportion of 
surface & groundwater irrigation same as at present  

4. Future II (2025),  With no expansion of water infrastructure (and small import), shift in 
cropping pattern, better water management  

5. Future III (2025)  With increased water infrastructure (and small import) and irrigation 
expansion, shift in cropping pattern, more groundwater use and better 
water management  

6. Future IV (2025) With increased water infrastructure (and small import), no irrigation 
expansion, shift in cropping pattern, more industries, more 
groundwater use, export water and better water management 

7. Future V (2025), 
agri. seasonal 
shift 

With increased water infrastructure (and small import), no expansion 
of irrigation, more industries, more GW use, better water 
management  
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The following figure can provide a clear benchmark in various scenarios. 
 

Table 4.5   Future Scenario Comparison in CPSP Model  

Future  
Scenario 

Additional water 
infrastructure 

More irrigation 
area Industry 

Water  
management 

FI (BAU) Yes Yes +No shift in CP Normal As usual 

FII No 
No expansion + Shif 

in CP Normal Better 

FIII Yes Yes + Shift in CP Normal Better + More GW use 

FIV Yes 
No expansion +Shift 

in CP More 
Better + More GW use 

+Export 

FV No 
No expansion + Shift 

in CP Normal Better + More GW use  
 
The land use data used in different scenarios is depicted in Figure 4.1. The net and gross cropped areas 
– irrigated and rainfed are shown in Figure 4.2. The distribution of Gross Irrigated Area (GIA) by crops 
and seasons is depicted in Figure 4.3. The distribution of net irrigated area (NIA) through surface and 
ground water is shown in Figure 4.4.  
 
The model was run on monthly basis, for average rainfall and ET0 conditions for the past, present and 
future scenarios.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4.1.  Distribution of the net land area in Qiantang Basin 
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Figure 4.2. Net and Gross cropped areas - irrigated and rainfed in Qiantang Basin 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 4.3.  Distribution of GIA by crops and seasons in Qiantang Basin 
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Figure 4.4.   Net irrigated area by source in Qiantang Basin 
 

4.4 Model Calibration 
 
Because Qiantang Basin is an area with abundant water resources, surface water resources is the major 
water source for agriculture, domestic and industry, while groundwater resources has not been used in 
irrigation so far, except a little in D & I use. Consequently, there are no observed groundwater 
fluctuation data in this basin. The model was calibrated and validated by adopting the following steps 
with the available data computed by the model and estimated by Qiantang Basin Management Bureau 
for the present conditions. 
 

1. Comparing the total monthly outflow (surface runoff plus base flow) of SB1 and SB2 with the 
observed monthly runoff. 

2. Comparing the natural recharge to groundwater as in the model, as a percentage of rainfall, and 
to compare this percentage with the generally adopted norms.  

3. Comparing the total groundwater recharge and withdrawal, as computed by the model, with the 
estimates of the Qiantang Basin Management Bureau.  

4. Comparing the withdrawal for irrigation, and total withdrawal for irrigation and D & I, as 
computed by the model, with the estimates of the Qiantang Basin Management Bureau.  

 
In terms of monthly outflow to sea, this model has a very good match for the present conditions, where 
the difference between the total outflow computed by the model and observed by local hydrological 
stations is only around 0.5%. Table 4.6 gives the computed and observed average monthly values and 
Figure 4.5 shows the good match.  
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Table 4.6 Comparison of Calculated and Observed Monthly River Flow (million m3) 

Month Computed by the 
model Observed Difference (%) 

January 1659 1521 9.1 
February 2172 1814 19.7 

March 3583 3186 12.4 
April 3742 3830 -2.3 
May 4069 4331 -6.1 
June 5481 5830 -6.0 
July 3407 3734 -8.8 

August 1834 2118 -13.4 
September 1733 2036 -14.9 

October 1693 1533 10.4 
November 1595 1409 13.2 
December 1575 1359 15.9 

Total 32542 32703 -0.5 
 
Regarding total recharge to groundwater and total withdrawals for irrigation and D & I, the differences 
between the computed and estimated also are not very high, which are only 14.18% and 8.2% 
respectively. Therefore, generally speaking, this model has a comparatively good match in the humid 
area. The main computed and estimated results for the present conditions are shown in Table 4.7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5. Comparison of Computed and Observed Average River Flow (million m3) 
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Table 4.7   Comparison of Computed and Observed Results (million m3) for the Present 

Conditions 

 Items Computed by the 
model Estimated Difference 

(%) 
Percentage of groundwater recharge from 

rainfall 9 8 10.92 

Total Recharge to groundwater  
7451 6525 14.18 

Groundwater fluctuation within the year  
2451 NA   

Total outflow to sea  
32542 32703 -0.5 

Withdrawal for irrigation 
4497 5028.8 -10.6 

Withdrawal for irrigation and D&I  
5909 6436.0  -8.2 

 
With the above calibration, the general validation of the model was accepted with the following values 
of main parameters:  
 
1. Soil moisture storage capacity: varies with soil type and land use: 200 mm for forests, 100 mm for 

pastures and fruit, 75mm for agricultural lands (but 150 mm for paddies) and 40 mm for bare 
lands or land put to other uses. Higher capacity values would lead to higher evapo-transpiration 
and lower flows after rainfall has ceased, thus giving a better calibration but values higher than 
these were not tried as such capacities were unlikely to be available.  

2. The excess water was divided assuming that 85 percent yields to surface and sub surface (or quick 
runoff) flow and the rest 15 percent yield to groundwater. With this assumption, reasonable 
annual recharge was realised.  

3. The exponential index, depicting the reduction of evapo-transpiration rate with reducing 
availability of soil moisture in the relationship was kept at 0.6. 

4. A groundwater recession coefficient of 0.27 allowed the persistence of good base flows. As there 
is no much groundwater withdrawals in this river basin, the base flows both in the prototype and 
in the model are very high, particularly from May to November. 

5. Qiantang Basin is a humid area in the south of China, therefore soil moisture capacity is used as 
the initial soil moisture of the first month –January for each land parcel. 

  
4.5 Simulation of Past and Future Conditions with the CPSP Model 
 
The model was applied to simulate for the past (1980) conditions and for all the future scenarios 
enumerated above with average rainfall and ET0. 
 
The inputs and outputs of this hydrologic model are all in million cubic meters. The abstracted results 
are presented in the following Tables 4.8, 4.9 and 4.10 to give the overall as well as separate surface 
and ground water balances at the basin level. These are also depicted in Figures 4.6, 4.7 and 4.8 
respectively. 
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Table4. 8. Overall Annual Water Balance - Qiantang Basin  

 
(Units:106m3) 

 Past 
(1980) 

Present 
(2000) Future I Future II Future III Future IV Future V 

Inputs        

Rainfall 57958 57958 57958 57958 57958 57958 57958 

Imports 0 0 56 56 56 56 56 

GW flow from other 
basins 0 0 0 0 0 0 0 

TOTAL inputs 57958 57958 58014 58014 58014 58014 58014 

Outputs        

Consumptive use total 24913 25322 27077 26514 26760 27150 27274 

River flows total 32990 32542 30861 31423 31178 30518 30664 

Export (surface) 0 0 0 0 0 270 0 

GW flow to other 
basins 0 0 0 0 0 0 0 

Direct GW flow to sea 0 0 0 0 0 0 0 

TOTAL output 57903 57864 57938 57938 57938 57938 57938 

Storage changes        

Surface storages 0 0 0 0 0 0 0 

GW storage 0 0 0 0 0 0 0 
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Table 4.9. Annual water balance for surface water resource system - Qiantang basin (Steady state, average rainfall)   
 

 (Units:106m3) 

 Past 
(1980) 

Present 
(2000) 

Future I (2025) B as U, 
with increased 

irrigation 
infrastructure 

Future II (2025), no 
expansion of irrigation 
infrastructure, better 
water management 

Future III (2025) same as 
FII, with  more groundwater 

use and better water 
management 

Future IV (2025),  more 
industries, more 

groundwater use, export 
water and better water 

management 

Future V (2025) , No 
expansion of irrigation, 

more GW use, better 
water management 

Inputs        

Quick runoff from rainfall 29679 29522 28572 28676 28525 28579 28847 

Base flow 7980 7341 7387 6550 6242 5999 6603 

Returns to surface from surface irrigation 1210 972 1068 881 810 694 792 

Returns to surface from GW irrigation 0 0 0 0 26 22 24 

Returns to surface from D&I  
withdrawals 311 507 990 990 990 1363 1363 

Sub-total, returns to surface 1521 1479 2058 1871 1826 2079 2179 

Imports 0 0 56 56 56 56 56 

Total inputs 39180 38341 38073 37152 36649 36713 37685 

Outputs        

Surface withdrawals for irrigation in the 
basin 5370 4497 4701 3218 2960 2477 3573 

Surface withdrawals for D&I in the basin 820 1302 2511 2511 2511 3448 3448 

Total surface wirhdrawals, for use in the 
basin 6190 5799 7212 5729 5471 5925 7021 

Natural and induced recharge from river 
to GW 0 0 0 0 0 0 0 

Outflow to sea 32990 32542 30861 31423 31178 30518 30664 

Export 0 0 0 0 0 270 0 

Total output 39180 38341 38073 37152 36649 36713 37685 
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Table 4.10. Annual water balance for groundwater - Qiantang basin (Steady state, average 
rainfall) 

(Units:106m3) 

 Past 
(1980) 

Present 
(2000) Future I Future II Future III Future IV Future V 

Inputs        
Natural recharge from 
rainfall 5182 5143 4966 4984 4958 4967 5015 
Returns to GW from surface 
irrigation 2824 2268 2491 1636 1505 1289 1848 
Returns to GW from GW 
irrigation 0 0 0 0 491 422 457 
Returns to GW from D&I 
withdrawals 14 40 40 40 40 77 77 
Sub-total, returns to GW 2838 2308 2531 1676 2036 1788 2382 
Natural and induced recharge 
from river to GW 0 0 0 0 0 0 0 
GW flow from other basins 0 0 0 0 0 0 0 
Total inputs 8020 7451 7497 6660 6994 6756 7397 
Outputs        
 GW irrigation withdrawals, 
including GW pumping to 
surface canals 0 0 0 0 641 537 574 
GW withdrawals for D&I 
use 40 110 110 110 110 220 220 
Sub-total GW withdrawals 40 110 110 110 751 757 794 
Base flow to rivers 7980 7341 7387 6550 6242 5999 6603 
GW flow to other basins 0 0 0 0 0 0 0 
Direct GW flow to sea 0 0 0 0 0 0 0 
Total outputs 8020 7451 7497 6660 6994 6756 7397 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.6.  Overall Water Balance in Qiantang Basin 
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Figure 4.7.   River and Surface water Balance in Qiantang Basin 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.8. Groundwater Balance in Qiantang Basin 
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4.6 Discussion of Results of Qiantang Basin Assessment 
 
(1) Based on the present conditions and average rainfall & the modified model response for 
sustainable water use conditions is briefly described below: 
 
a) The model indicates that the present average flows are as follows: 
 

SB1: 23308 million cubic meters 
SB2: 9234 million cubic meters 
Total basin: 32542 million cubic meters 

 
The total flow computed from the model is somewhat less than the observed one, which is 32703 
million cubic meters. 
 
b) For the present conditions, the withdrawal required for sustaining agricultural (irrigation) uses, 
which is all from surface water is 4497 million m3, and the withdrawals for D&I uses are 1302 million 
m3 from surface water & 110 million m3 from groundwater respectively. Therefore, there are huge 
potentials in groundwater development in this basin. To sustain these current withdrawals, the surface 
storage filling and depletion of 7680 million m3 contributes considerably. 
 
c) The current total natural recharge from rainfall for the basin computed by the model is 5143 
million cubic meters, which is about 8.9 percent of average annual rainfall of 57958 million cubic 
meters. As there is no groundwater use in irrigation in this basin so far, exploiting groundwater for both 
agricultural and D & I uses inevitably is an priority plan for local Integrated Water Resources 
Development and Management (IWRDM) so as to achieve the sustainable development and use of 
water resources. Therefore, in Future III, Future IV and Future V scenarios, 20 percent of groundwater 
is planed to be abstracted. Moreover, export water, which is 180 million cubic meters in the upstream 
and 90 million cubic meters in the downstream, together with better water management is also adopted 
in Future IV to excavate the potentials for water resources use, even though up to now, there is no plan 
for water export in this area. 
 
(2) Consumptive use of water 
 
For the current condition, the total consumptive use is 23519 million m3, which comprises 17130 
million m3 of nature sector, 5551 million m3 of agricultural sector and 838 million m3 of people sector 
(D&I). The agricultural use is made up of ET in rain-fed lands (beneficial and inadvertent) as well as 
irrigated lands, additional ET met from irrigation and reservoir evaporation. The beneficial 
consumptive use of nature sector in the future five scenarios increased remarkably due to the expansion 
of forest area (the coverage rate of forest is increased from 36.4% in 1980 to 40% in 2000 and 50% in 
2025), but the non-beneficial ET is reduced due to the decrease of waste and fallow land area.  
 
The Scenario Future IV has been attempted to get the maximum practicable expansion, including more 
groundwater use, better management, export water and more industries. Even though the river flow is 
reduced slightly from 32542 million cubic meters to 30518 million cubic meters comparing with the 
BAU Scenario, the total consumptive use is 26610 million cubic meters, closed to the value of BAU 
Scenario 26537 million cubic meters. Table 4.11 summarises the composition of sectoral consumptive 
use under different scenarios. Figure 4.9 depicts consumptive use estimates graphically.   
 
The consumptive use of agricultural sector can be further classified by the status of the land (rain-fed or 
irrigated). Part of the consumptive use from irrigated land is met either from rainfall or from irrigation 
waters. Non-beneficial consumption would be from reservoirs, waterlogged areas, or from land without 
crops in particular season. This category wise consumptive use is shown in Figure 4.10. 
 



 
 

 47 

����������
����������
����������
����������
����������

����������
����������
����������
����������
����������

����������
����������
����������
����������
����������
����������

����������
����������
����������
����������
����������
����������

���������
���������
���������
���������
���������
���������

����������
����������
����������
����������
����������
����������

����������
����������
����������
����������
����������
����������

����������
����������
����������
����������

����������
����������
����������

����������
����������
����������

����������
����������
����������

���������
���������
���������

����������
����������
����������

����������
����������
����������

���������� ����������
����������

���������� ���������� ��������� ���������� ������������������������������ ����������
����������
����������

����������
����������

���������
���������

����������
����������

����������
����������

Consumptive use (ET) by use sectors

0

5000

10000

15000

20000

25000

Past (1980)

Present
(2000)

Future I

Future II

Future III

Future IV

Future V
V

ol
. i

n 
m

ill
io

n 
cu

bi
c 

m
et

er
s

���
Nature sector, beneficial

���
Nature sector, non beneficial���

Agriculture sector beneficial
���

Agriculture sector non-beneficial

��� D&I (People sector)

 
Table 4.11. Consumptive use (evapo-transpiration) by sector 

 
(all figures in 106m3) 

 Past 
(1980) 

Present 
(2000) Future I Future II Future III Future IV Future V 

Nature sector 
beneficial 10126 11128 13908 13910 13910 13910 13126 

non beneficial 7102 6003 4075 4241 3936 3850 4435 
Subtotal 17228 17130 17983 18151 17846 17760 17561 

Rainfed Agriculture 
sector beneficial 815 872 533 872 832 1280 1209 
non-beneficial  17 15 11 15 13 16 16 

Subtotal 832 887 544 887 845 1295 1224 

D&I (People sector) 535 838 1591 1591 1591 2228 2228 
Total for all sectors  18595 18855 20118 20629 20282 21283 21014 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.9. Consumptive use (ET) by use sectors in Qiantang Basin 
 

(3) Surface water 
 
From 1980 to date, surface water is all along the major water source in Qiantang Basin. Particularly for 
agriculture, 100 percent of irrigation withdrawal is from surface water. For D&I uses, only 5 percent of 
D&I withdrawal is from surface water in the past and 7 percent in the present conditions. In terms of 
total water withdrawal for agriculture and D&I, only 0.6 percent is from surface water in the past and 
1.8 percent at present. Therefore, the abundant surface water resources here create superior conditions 
for local socio-economic development.  
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Figure 4.10. Composition of consumptive use - Agriculture sector in Qiantang Basin 

 
For the present conditions, as from the model, the withdrawal of surface water was 10 percent of the 
total inputs, and return flow contributed only 2.5 percent of inputs, the base flow was 7341 million 
cubic meters, 12.6 percent of the total inputs available in all the months. In the current situation, with 
average rainfall, total return flows contribute 6.5 percent of total inputs and total withdrawals are equal 
to 10 percent of the inputs.  
 
In the future scenarios with average rainfall, even with more water consumption for agriculture and 
D&I, the maximum withdrawals was only 13.5 percent of the total inputs while the maximum return 
flows constituted 8 percent of the total inputs. Therefore, the sustainability of water resources in this 
area can be guaranteed. The monthly distribution of river flows is shown in Figure 4.11.  
 
(4) Groundwater 
 
A little groundwater, which is only 0.2 per cent of total inputs, has been exploited for D&I use in the 
current situation, return flow, natural & human together, constitutes only 4 percent of the inputs. 
Therefore, more groundwater use had been adopted in future three scenarios. At the same time, the 
abundant surface and groundwater resources also provide a scenario for export water. In Future IV 
scenario, 20 per cent of ground water is planned to be used and totally 270 million cubic meters of water 
is planned to be exported to other water short basins. But even then, the total withdrawal from 
groundwater is only 1.3 percent of the total inputs and the return flow would constitute about 3 percent 
of the inputs. The potentials for groundwater development are very huge in this basin.  
 
The withdrawals for both surface and ground water for different purposes and for different scenarios is 
shown in Figure 4.12 (to be inserted). Because paddy is the biggest water consumers and still the major 
crop in this basin, surface water withdrawal for irrigation was reduced remarkably due to the cutting 
down of rice in the last four scenarios. However, with the rapid growth of population and quick 
development of industrialization and urbanization, the withdrawal for D&I use is nearly doubled in 
Future I, II & III scenarios and increased by 160 percent in Future IV & V scenarios. The ratio of 
irrigation withdrawal to total withdrawal is reduced from 86 percent in the past to 76 percent at present 
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and even to 45 percent in Future IV scenario. The irrigated cropped areas and withdrawals in Qiantang 
basin are shown in Figure 4.13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.11.   Monthly distribution of river flows in Qiantang Basin  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.13.   Composition of withdrawals in Qiantang Basin 
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Figure  4.14.   Irrigated cropped areas and withdrawals for irrigation in Qiantang Basin 
 
(5) GW pumping & induced recharge 
 
The agricultural and D&I water demand are met both from surface water and ground waters. When the 
surface water was not available, additional pumping from ground water to the surface canals was 
required to be done to fulfill the demands. Similarly, because of the heavy ground water withdrawals, 
the sustainability of the ground water storage, under the average recharge conditions was disturbed. 
This required the assumption of natural & induced recharge from surface to ground waters. As the 
abundant surface water resources in this river basin is high enough to meet local water demand as well 
as the base flow even in dry seasons, GW pumping into canals to meet the deficits in SW is not used. 
Meanwhile, as no much GW has been developed, natural & induced recharge to balance ground water 
table also is unnecessary.  

 
(6) Water situation indicators 
 
In CPSP Model, four water situation indicators, viz. indicator 1 – total SW withdrawal to total SW 
inputs, indicator 2 – total returns to SW to total SW inputs, indicator 3 – total GW withdrawals to total 
GW inputs and indicator 4 – total returns to GW to total GW inputs have been proposed to depict the 
level of water use (withdrawals) and potential of hazard (due to return flow) to water quality. Values of 
these indicators for Qiantang Basin are given in Table 4.11: 
 

Table 4.11. Water situation indicators 
 

 Past (1980) Present 
(2000) Future I Future II Future III Future IV Future V 

Indicator 1 0.16 0.15 0.19 0.15 0.15 0.16 0.19 
Indicator 2 0.04 0.04 0.05 0.05 0.05 0.06 0.06 
Indicator 3 0.005 0.01 0.01 0.02 0.11 0.11 0.11 
Indicator 4 0.35 0.31 0.34 0.25 0.29 0.26 0.32 
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It can be seen from the above table that surface water withdrawals is only a small part of the total 
surface water inputs. Even in the future scenarios, indicator 1 varied from between 0.15 and 0.19, still 
less than 0.20. In groundwater withdrawal, the ratio varies from 0.005 in the past to 0.01 to at present 
and to 0.11 in the last three future scenarios, even with more GW use. However, it should be specially 
noted that GW return flows is very high in all the studied scenarios, even it was slightly reduced in 
future II to IV scenarios due to better water management. Therefore, efforts should be made to reduce 
this indicator to lighten the threat to groundwater quality.  
 
 
V  EXTRAPOLATION OF JIAODONG AND QIANTANG ASSESSMENTS TO OTHER 

BASINS  
 
5.1 Extrapolation to country level 
 
The water resource assessments studied for the two basins, Jiaodong peninsular and Qiantangjiang 
basins are to be used in extrapolating approximately water scenarios of China other 9 basins in order to 
enable countrywide appraisal. Such a study would be based on similarities or dissimilarities, and their 
relevance to country' s water resources. 
 
5.2 Approach to approximation of water balance 
 
Other 9 basins studied belong to A class classification of water resource assessments, they are Songliao, 
Haihe, Huaihe, Yellow river and Inland rivers in the North China, and Yangtze, Zhujiang, Southeast 
rivers, Southwest rivers in the south China. All basins were treated as single units, and no sub-basin 
working was done. Thus, the studies only consider the approximate average basin situations and 
neglects local stress or surplus situation. 
 
5.3 Source of data 
 
The surface water (natural runoff) and groundwater resources for 9 basins adopts the results of national 
water resource assessment from 1956 to 1979, in which the groundwater resources based on China 
water concept includes the recharge from rainfall and recharge from surface water, namely seepage loss 
from river and canal, irrigation recharge and lateral runoff recharge.  
 
The surface water and groundwater withdrawals take the average values from 1997 to 2001 that 
represent the available water use situation. These withdrawals come from annual report of Chinese 
water resources announced publicly. The consumptive uses for three sectors, agriculture, industry and 
domestic are from annual report of water resources in every basin.  
 
5.4 Water Situation Indicators (WSI) 
 
CPSP-INDIA model gives a definition of the water situation for surface water and groundwater 
respectively. And the model considers the returns as an additional resources added to the natural runoff, 
in other words, the model considers the “net consumptive use” rather than withdrawals. The four 
indicators are given as follows 
 
 Indicator 1 Withdrawals/Total runoff for surface water 
 Indicator 2 Returns/Total runoff for surface water 
 Indicator 3 Withdrawals/Total recharge for groundwater 
 Indicator 4 Returns/Total recharge for groundwater 
 
The indicators are selected to depict the water situation in quantity as well as quality terms. Indicators 
1&3 depict the level of withdrawals as a fraction of total available water in surface and groundwater 
system. While indicators 2&4 depict the potential hazard to water quality in surface and groundwater 
respectively. 
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5.5 Summary of the studies 
 
The table 1 gives the comparison of water situation for 9 basins in the present condition. Based on the 
concept of CPSP-INDIA model, the total inputs to groundwater are the sum of groundwater resources 
and return flow from well irrigation. The total inputs to surface water (river) are the sum of surface 
water resources and returns. The return flow from well irrigation was estimated in this way where total 
recharge to groundwater minus groundwater resources based on the groundwater assessment of plain 
area. The returns to surface and groundwater were estimated from the surpluses of agriculture, industry 
and domestic water use (water use minus consumption).  
 
This table was only prepared to depict a generic appraisal without detailed study. Exports in Table 5.1 
have not been considered, such as Yellow river exports water to Haihe basin, and Yellow river and 
Yangtze export water to Huaihe basin.  
 

Table 5.1 Comparison of water situation of China 9 basins in the present condition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.6 Basin Classification/grouping by Water Situation Indicators 
 
Table 5.2 describes the present water situation in China 9 basins by comparison of results of the two 
basins studied, Jiaodong peninsular and Qiantangjiang. 
 
In regard to surface water, Yellow river (Huanghe), Huaihe, Haihe (called Huang-Huai-Hai) and inland 
basins all have higher stress, that is, higher development rate of surface water, if considering exports 
from Yellow river to other basins, the stress to surface water in the Yellow river basin would be higher 
than estimated values. In all basins, the potential hazard to surface water quality is higher in Haihe and 
Huaihe basins, similar to assessment results from annual report. In regard to groundwater, Songliao, 
Haihe and Huaihe have higher stress, especially Haihe basin; the exploitation rate of groundwater 
reaches 93 percent. While the four basins in the south China, Yangtze, Zhujiang, Southeast rivers and 
Southwest rivers basins have all low stress through surface and groundwater withdrawals, as well as 
low threat to surface and groundwater quality, because of higher rainfall.  
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Songliao 175.76 10.47 34.39 0.06 0.20 64.53 16.11 27.15 0.25 0.42
Haihe 35.23 6.45 14.99 0.18 0.43 28.45 16.30 26.51 0.57 0.93

Yellow River 71.71 5.56 26.40 0.08 0.37 41.54 10.44 13.36 0.25 0.32
Huaihe 84.11 9.98 40.58 0.12 0.48 40.27 14.37 17.38 0.36 0.43
Yangtze 985.36 34.06 163.21 0.03 0.17 246.42 22.18 8.02 0.09 0.03
Zhujiang 492.40 23.90 79.49 0.05 0.16 111.55 12.44 4.08 0.11 0.04
Southeast

Rivers 261.58 5.88 29.60 0.02 0.11 61.31 4.15 0.91 0.07 0.01

Southwest
Rivers 586.36 1.05 9.01 0.00 0.02 154.38 1.93 0.23 0.01 0.00

Inland Rivers 118.63 2.26 49.27 0.02 0.42 87.88 8.15 7.44 0.09 0.08
Jiaodong

peninsular 2.68 0.28 0.58 0.10 0.22 1.03 0.35 0.88 0.34 0.86

Qiantangjiang 38.34 1.48 5.80 0.04 0.15 7.45 2.31 0.11 0.31 0.01

B
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River Waters Groundwaters
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Compared to the results of Jiaodong peninsular basin studied, the policy issues regarding water use 
would be likely relevant to 5 basins in the north China, but the dissimilarities also exist. For example, 
the stress of groundwater withdrawals in Haihe basin is similar to Jiaodong, but the stress of surface 
withdrawals is higher than Jiaodong, the water shortage is more serious in Haihe. In addition, the 
surface withdrawals in Huang-Huai-Hai and Inland river basins are highly stressed than Jiaodong. 
While the four basins in the south China are likely similar to Qiantangjiang basin, especially Yangtze 
and zhujiang basins, where policies to increase groundwater withdrawals, in future, might be necessary.     

 
Table 5.2 Basin classification/grouping by water situation indicators 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
VI  FOOD SUPPLY AND DEMAND WITH PODIUM MODEL  
 
China is the most populous country of the world. The rapid growth of population needs to supply more 
food in the future, which also requires more water for irrigation. The trends of food consumption and 
production at the national level in the past are firstly analyzed; secondly, the per capita food 
consumption and grain yield in year 2025 is simulated according to the past trends especially based on 
the results of CAPSIM model; finally, food demand and supply at the two basins in 2025 is projected. 

Groundwater quality under very high threat

Songliao,Yellow River,
Huaihe,  Jiaodong
peninsular, Qiantangjiang

0.4<Indicator 4 <0.8

Surface water quality, highly stress 0.1<Indicator 2 <0.20

0.2<Indicator 3 <0.4

0.4<Indicator 3 <0.8

Groundwater quality under high threat

Groundwater highly stressed through
withdrawal

Groundwater low stressed through
withdrawal

Groundwater quality under low threat Indicator 4 <0.2

Groundwater quality under moderate threat 0.2<Indicator 4 <0.4

Highly stressed through surface withdrawal

Very highly stressed through surface
withdrawal Indicator 1 >0.8

Class description

Moderately stressed through surface
withdrawal

Surface water quality, moderate stress

Indicator 4 >0.8

Indicator 1<0.2Low stress through surface withdrawal

Surface water quality, low stress Indicator 2 <0.05

Indicator 3 <0.2

Indicator value

0.4<Indicator 1<0.8

0.2<Indicator 1<0.4

Yangtze,Zhujiang,
Southwest, Southeast,
Inland, Qiantangjiang

Songliao, Huaihe

Haihe, Huaihe, Jiaodong
peninsular

Songliao,Yellow River

Haihe,Huaihe,Inland rivers

Yangtze,Zhujiang,Southeast,
Southwest, Inland,
Qiantangjiang

Groundwater very highly stressed through
withdrawal

Groundwater moderately stressed through
withdrawal

Indicator 3>0.8

0.05<Indicator 2 <0.1

Haihe

Yangtze,Zhujiang,Southeast,
Southwest,Inland

Basin

None

Songliao,Yellow River,
Jiaodong peninsular
Yangtze, Zhujiang,Southeast,
Southwest,Qiantangjiang

Haihe, Jiaodong peninsular

Yellow River

None
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6.1 Grain consumption  
 
6.1.1 Past trends of grain consumption since 1980 
 
Thanks to the sustainable economic growth and per capita income increase, the total grain consumption 
has been steadily increased since 1980, when the reform and opening-up polices were adopted in China. 
The major characteristics of food consumption in the past two decades are that feed grain has been 
increased rapidly, miscellaneous grain consumption has remained steady and the consumption of food 
grain has been increased periodically. 
 
The total grain consumption has increased by 139 million tons (Mt) from 273Mt in 1980 to 412 in 2000, 
with 2.08% of average growth rate. Out of which, the feed grain consumption has been doubled, 
increased from 38.74Mt in 1980 to 117Mt in 2000, with 5.67% of average growth rate and food grain 
consumption has increased from 185 Mt in 1980 to 238 Mt in 2000, with 1.27% of growth rate. 
 
There are three periods of food grain consumption in the past two decades. The first period is from 1980 
to 1984, when the total food grain consumption was increased remarkably. With the implementation of 
the household contracted responsibility system in rural areas in 1978, farmer’s enthusiasm for grain 
production is greatly encouraged than ever before. Grain and other agricultural production were 
dramatically increased. Problems such as food scarcity and malnutrition were alleviated gradually, most 
people can have basic food to eat and cloth to wear at the end of this period. It is worth of noting that the 
farmer’s per capita food grain consumption was increased by 32 kg just within 5 years. The per capita 
food grain consumption in urban centers almost did not change due to consumption increase of 
miscellaneous food. The per capita food grain consumption reached the peak in 1984. The second 
period is from 1984 to1996, when the per capita food grain consumption in both rural areas and urban 
centers begun to decrease due to further development of rural economy and more plentiful agricultural 
production. The per capita food grain consumption in urban centers decreased from 141kg in 1984 to 
114kg in 1996. Moreover, the per capita food grain consumption of farmers also decreased by 13 kg. 
The total grain consumption was still increased due to the growth of total population in this period. 
However, the total food grain consumption began to decrease since 1996. The price of most agricultural 
production in the market begun to decrease owning to the supply of agricultural production is over the 
demand. Consumer began to pay more attention to food quality. 
 
The consumption demand of milled rice, wheat and maize etc., staple food crops have its salient 
features respectively. Milled rice is mainly used for food. The food consumption of milled rice accounts 
for 85% in 2000.The total rice consumption increased by 34.4Mt in the past two decades, among which 
7.67Mt is for urban people. The per capita rice consumption of urban people decreased by 20kg from 
77.5kg in 1980 to 57.3kg in 2000. The farmer’s increased by 20 kg from 80.5 kg in 1980 to 103.9kg in 
2000.The ratio of wheat consumption for food accounts for 82% to the total wheat consumption in 
2000, increased by 41.45Mt by 2000. The per capita wheat consumption of urban people decreased 
from 61.4kg in 1980 to 44.3kg in 2000 and the farmer’s increased from 48.8kg in 1980 to 85.4kg in 
2000. The maize consumption for food accounts for 44.8% of the total maize consumption while the 
maize consumption for feed is just 42.7% of the total in 1980. However, in 2000, the maize 
consumption for food has dramatically decreased to 9.5% and the maize consumption for feed has 
increased to 81.2%. Rapid feed demand of maize is the main result for the rapid increase of total maize 
consumption. 
 
6.1.2 Projection on grain demand 
  
6.1.2.1 Projection on grain demand at the national level 
 
The total grain demand depends on the amount of population and per capita grain consumption, which 
is affected by the income, urbanization level, development level of agricultural production market and 
grain consumption policies. The projection on the national grain demand includes the projections on 
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food grain, feed grain, seed grain, grain for industry and wastes. The projection on food grain demand 
includes the demand for milled rice and other grains. The projection on feed grain demand is done 
through the projection on pork, beef, mutton, chicken, fish, egg and milk and the conversion ratio of 
meat demand to feed grain. All of these projections on grain demand are divided into two parts, viz. 
urban people and rural people. 
 
CAPSIM Model simulates the grain demand in 2020 on the bases of the following: 
 

• Population Growth: Total population of China will amount to 1.445 billion 

• Urbanization level: The ratio of the population in urban centers to the total will increase to 
50.9%  

• Per capita income: The per capita income of urban people will increase from RMB 6321 Yuan 
in 2000 to RMB 15130 Yuan (fixed price in 2000) in 2020 and rural people’s will increase from 
RMB 2290 Yuan in 2000 to RMB 4200 Yuan in 2020. 

 
Grain demand will still dramatically increase in the coming two decades due to the huge increase of 
feed grain demand such as maize. The growth of total population is the major driving forces for the 
growth of grain demand in the future. It is estimated that the grain demand in 2020 will amount to 
507Mt.The marginal growth of population will be over the marginal growth of grain demand after 2010. 
The per capita grain demand will slowly decrease due to urbanization and agricultural market 
development. The per capita grain demand in 2020 will be about 169 kg as the results of the simulation 
and the per capita income keep on increasing in the next 20 years. However, the non-grain product such 
as livestock and aquatic demand will increase rapidly and will indirectly result in the increase of feed 
grain especially maize demand. The total feed grain demand will reach 199.1 Mt and the ratio of feed 
grain demand to the total grain demand will increase from 37.4% in 2000 to 39.2% in 2020.  
 
6.1.2.2 Projection on grain demand in two selected basins   
 
It is estimated that the total population in Jiaodong Peninsula and Qiantang River Basin will increase to 
9.8 and 11.4 million respectively. With the the per capita grain consumption at the national level as the 
average value to the basin level, the total grain demand in the two basins in 2025 is to be increased to 
3.71Mt and 4.37 Mt respectively. The cereal and grain demand at the basin level are summarized in 
Table 6.1. 
 
Table 6.1  Cereal and grain demand projections in Jiaodong peninsula and Qiantangjian basin  
 

River Basin Year Per capita 
consumption

-cereals 
（kg） 

Per capita 
consumption-

grain 
（kg） 

Population 
 

（million） 

Cereals 
demand 

(Mt) 

Grain 
demand 

(Mt) 

2000 328.09 354.10 9.18 3.01 3.25 Jiaodong 
Peninsula 2025 354.04 383.62 9.8  3.42 3.71 

2000 328.09 354.10 10.67 3.50 3.78 Qiantang 
Basin 2025 354.04 383.62 11.40 4.04 4.37 

 
6.2 Grain supply 
 
Grain supply is determined by the yield and crop area. It is impossible for the expansion of crop area 
due to water and land resources restrictions. The potential growth of grain supply is fully from the 
potentiality of grain yield. So the past trends of grain yield growth are reviewed then simulates the 
growth in the future. 
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6.2.1 Past trends of grain yield growth  
 
Grain yield has increased rapidly since 1980. In 1980, the average grain yield is just about 2.86 ton/ha, 
but it has increased to 4.6 ton/ha in 2000 with 2.4% of average growth rates. The period of grain yield 
growth may be divided into 3 stages according to its growing characteristics. The first period is from 
1980-1984, when grain yield rapidly increased. Grain yield almost increased by 900kg just in 5 years 
with the peak growth rates of 5.7%. The second period is from 1984 to1995 during which grain yield 
steadily increased with about 1.4％ of growth rate. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.1  grain yield growth in the past two decades of China 
 
The last period is after 1995. The growth rate of grain yield is at a comparatively lower level of 1.1％ 
and the average grain yield is at high level compared to the whole world.  
 
6.2.2 Simulations on grain yield and grain production growth of China 
 
Various factors exert influences on crop production as shown in the past studies. Economic system 
reform in rural areas and advanced technology induced the growth of grain production at the earlier 
stages (Lin Yufu, 1992). However, some other experts argued that technology played a key role in the 
growth of grain yield even in the earlier period (Huan, ect.,1995,1996). Advanced technology played a 
decisive role in the growth of grain yield (Zhu Xigang, 1994). In general, arable land area, domestic and 
international prices of agricultural inputs and outputs, and cropping intensity are the major factors 
influencing the crop area of grain. With the time as the independent variable to explain the yield growth 
of rice, wheat, maize, it is almost as a dull-log function. Projections on grain yield are based on the 
results of CAPSIM model. The results of simulation are summarized in the following Table 6.2. 

 
Table6.2  Projections on Grain yield（Ton/ha.） 

 
Year Rice Wheat Maize Other coarses Sweet potatoes Potatoes 
1980 4.13 1.91 3.12 1.65 2.99 1.86 
1990 5.73 3.19 4.21 2.00 3.32 2.41 
2000 6.26 3.9 4.75 2.18 4.04 2.78 
2010 6.63 4.35 5.35 2.35 4.34 3.06 
2020 6.84 4.59 5.88 2.43 4.64 3.29 
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If the total crop area keeps at 153 million ha in the coming two decades, the crop area of grain will be 
about 85 million ha in 2020. The crop area of most of the crops will decrease in the future except some 
vegetables and fruits with comparative advantages. It is estimated that the total cereal and grain 
production will amount to 520 Mt and 600 Mt by 2025 respectively.   
 
6.2.3 Projection on grain yield and production in the two basins 
 
Grain yield in the past and the water and land resources and economic development in the future should 
be considered in grain yield projection. The projection on gain yield in the two basins was done on the 
basis of the marginal and maximum yield at the basin level and the projected yield at the national level. 
The grain yield in 1999 reached the peak at Jiaodong peninsula due to fully guaranteed water resources 
and advanced technology and the yield is much higher than the one at the national level. However, the 
grain yield reduced remarkably due to drought disasters in 2000, which also proved that water resources 
and irrigation play a key role in grain production.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: Grain yield variation from 1990-2000 in Jiaodong 
 

If all of the crops in the irrigation area are irrigated (not deficient irrigation), it is estimated that grain 
yield will reach 6.3 ton/ha and 4.94 ton/ ha in Jiaodong peninsula and Qiantang basin respectively in 
year 2025 on the basis of the potentialities for grain yield growth in these river basins and the grain yield 
projection in the future at the national level. 
 

Table6.3   Grain Yield projection in 2025 (Ton/ha.) 
 

 Wheat Paddy Corn Other cereals Soybeans Tubers 
Jiaodong 6.1  9.3 4.2 2.5 7.77 

QiantanJiang 3.49 5.04 4.38 3.49 2.49 5.37 
China 4.59 6.84 5.88 2.43 4.64 3.29 

 
According to the past trends of economic development and local governmental plan in Jiaodong 
Peninsula, the total crop area will keep steady at 0.956 Million ha. However, the crop area of grain will 
decrease to 0.673 million ha by 2025 with the implementation of cropping pattern adjustment. Because 
of the increase of cropping intensity from advanced technology, the total crop area almost keeps as the 
same as that in 2000. Then, the total grain productions will amount to 4.3 Mt at Jiaodong peninsula in 
2025. 
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With cropping pattern adjustment and implementation of the policy of returning cultivated land to forest 
and pasture, the crop area of crops and grain in Qiantang basin will decrease to 0.771Mha and 0.59Mha 
respectively in future 25 years. Out of which, the crop area of paddy rice and wheat will reduce 
dramatically while maize will increase slightly. However, the yield of rice, wheat and maize will 
increase due to improvement of irrigation technology and adoption of comprehensive agricultural 
measures. Therefore, even though the sown area of rice and wheat is reduced, the grain production in 
year 2025 will still reach around 1.92 Mt, increased by 6 Mt than that in 2000. 
 
 
 
VII  THE POLICY RELATED ISSUES HIGHLIGHTED BY THE STUDIES  
 
7.1 China’s water management policies and institutions 
 
In China, water policy is created and executed primarily by the Ministry of Water Resources (MWR). 
The MWR has run most aspects of water management since China’s first comprehensive Water Law 
was enacted in 1988, taking over the duties from its predecessor, the Ministry of Water Resources and 
Electrical Power. The policy role of the MWR is to create and implement national price and allocation 
policy, and oversee water conservancy investments by providing technical guidance and issuing laws 
and regulations to the subnational agencies. The national government invests in developing the water 
resources from all large rivers and lakes and projects that cover more than one province. Local 
governments are in charge of projects that are within their administrative districts. Figure 7.1 shows the 
vertical and horizontal structure of the MWR. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.1 Vertical and horizontal structure of the Ministry of Water Resources 
 
Although much of China’s water is still used by farmers in agriculture, the nation’s water policy is 
becoming increasingly biased toward industry. Acting at the direction of the Water Law, the MWR 
gives priority to domestic, primarily urban users (over agriculture and industry) in the allocation of all 
water. Provincial governments also have the power to allocate water based on their local priorities, a 
provision that has led many provinces to give industry a particularly high priority at the expense of 
agriculture. These policy biases apply mostly to new sources of water. 
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7.2 Change in the perception of water 
 
How to improve water management has become a common concern of all people in China. From the 
perspective of sustainable water resources use, the economic and social development requires to change 
perception of water continuously and promote water resources management at a better level. This kind 
of change can be categorized into nine aspects: (a) from unlimited demand from nature by mankind to 
harmonious coexistence between man and nature to realize sustainable social development; (b) from the 
perception that water is inexhaustible to the recognition of that freshwater resources are limited; (c) 
from preventing water damage to mankind to paying special attention to the prevention of human 
damage to water while preventing water damage to mankind; (d) shifting focus on water development, 
utilization and management to water allocation, conservancy and protection while developing, utilizing 
and managing water resources; (e) from emphasizing water works construction to strengthening the 
application of non-structural measures and emphasizing scientific management while still developing 
water works; (f) from determining water supply according to demand to determining water demand 
according to supply, from supply-oriented water management to demand-oriented water management; 
(g) from irrigating land to irrigating crops, actively developing pressurized irrigation and promoting 
efficient water use; (h) from regarding water as a natural gift to realizing that water is one kind of 
resources, and that structural measures should be taken to turn water into a commodity; (i) from 
separate management of water quantity, water quality and hydropower, and multi-line management of 
water supply, use, drainage and reuse to integrated water allocation, dispatching and management. 
 
7.3 Key Areas of the Sustainable Use of Water Resources Adopted in China Water Agenda 21 
 
A. Increasing the water use efficiency and saving water 
 
• Strengthening water conservation management 
• Formulating national and local middle and long term plan for water supply and demand 
• Extending water-saving irrigation with great vigor 
• Promoting water-saving practice in industry 
• Promoting water-saving in municipal use 
• Publicizing vigorously water saving practices through news media like radios, television and 

newspapers, mobilizing the public to play the role of participant and monitor 
 
B. Developing water resources and expanding the capacity of water supply 
 
• Optimizing regional and sectoral allocation of water resources 
• Strengthening the evaluation on water resources development and utilization 
• Constructing a number of water resources development and utilization projects 
• Promoting the comprehensive use and multi-purpose development of water resources 
• Developing substitutional water resources 
 
C. Protecting water resources and improving water environment 
 
• Drawing up overall plans for the protection of water resources and water environment in the unit of 

water basins 
• Strengthening the water environment monitoring 
• Strengthening water environment protection in urban and rural areas 
• Strengthening scientific research on the protection of water resources and on the improvement of 

water environment, popularizing new technologies of water environment control through 
experiment and demonstration 

• Publicizing the importance of water resources protection and water environment improvement, 
mobilizing the public to play the roles of supporters and participant 
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7.4 Measures for Sustainable Use of Water Resources 
 
Optimal allocation 
 
Formulate water resources planning, specify water resources macro control index, formulate water 
allocation schemes and indexes as well as guaranteed measures for provinces, river basins and the 
whole country; coordinate domestic, production and ecosystem water use based on total allocated water 
amount, implement total water use control and quota management for different sectors and different 
water users, and also implement water-drawing permit; formulate contingency water supply plan during 
dry seasons and prioritize water uses, and development contingency policies and measures to guarantee 
water use safety; optimize inter-river basin and inter-region water allocation on the basis of scientific 
research and analysis; formulate water rights and rotation systems suitable for the country’s situation 
and market economy. 
 
Effective Protection 
 
To formulate water resources protection program of major rivers, rationally divide water function areas, 
specify the waste carrying amount of river systems and the total discharge of various pollutants so as to 
realize total amount control for waste discharge; Establish a economic compensation system for water 
resources protection and ecosystem rehabilitation, formulate GDP statistics index for pollution control; 
Specify water source protection zones, guarantee safe drinking water for urban and rural population 
over 200,000; readjust industrial structure and encourage clean production so as to control pollution at 
the source; Implement waste water discharge permit. 
 
Effective utilization 
 
Formulate national policies on water-saving, designate micro water use quota for different areas, 
different sectors and different products, water use index of 10,000 yuan GDP of various sectors, and 
water-saving evaluation index, develop and utilize water-saving technology and equipment, formulate 
national policies on water-saving; to increase waste treatment and reuse, and industrial water reuse, 
develop water-saving industry, agriculture and cities to establish a water-saving society. In this way, the 
water use efficiency and benefits will be improved. 
 
Appropriate development 
 
According to the water distribution and bearing capacity, under the precondition of conserving water, 
China will develop new sources appropriately to continuously improve distribution and water supply 
safety, solve drinking water problem in poor areas and guarantee water supply for economic and social 
development. construct a batch of water resources dispatching and storage projects to make full use of 
local water resources; Develop inter-river basin and inter-region water transfer projects in areas with 
natural water shortage after overall planning and scientific research; Rationally utilize ground water 
resources in areas with potential; Increase utilization of rain and flood water, speed up wastewater 
treatment and reuse, sea water desalination and direct use, and other unconventional water utilization. 
 
Scientific management 
 
Revise “Water Law” and formulate “River Basin Law”, “Water-Saving Law” and so on to establish and 
improve the legal system for water resources management. Promote the water management system with 
integrated urban and rural water management; Establish an integrated, authoritative and efficient water 
resources management system for major rivers and develop dound water project operation mechanism 
to realize effective combination of river basin management and regional management; Coordinate the 
use of surface water and ground water, the use of local water resources and water transferred from other 
areas to achieve effective and efficient uses; Establish water resources real-time monitoring system, 
dispatching system and management information system. 
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Increase financial input 
 
Divide the rights and responsibilities between the central and local government, among the government, 
market and beneficiaries; clarify the main investor of water projects. Further implement active fiscal 
policies to increase government input in water resources development and utilization; Establish a 
rational water pricing mechanism and make full use of the market system to raise funds for water 
projects; Mobilize the public to participate in water development through policies and measures. 
 
7.5 Articles of China’s Water Law related with CPSP ( August 2002) 
 
General Provisions 
 
1.1 This law is formulated for the purposes of rational development, utilization, conservation and 

protection of water resources, control of water disasters, sustainable use of water resources and 
meeting the needs of national economic and social development. 

1.2 This law is applied in developing, utilizing, saving, protecting and managing resources and 
controlling water disasters within the territory of the People’s Republic of China. 

 
For the purpose of this law, “water resources” include surface water and groundwater. 
 
1.3 Water resources are owned by the state. The State Council exercises the property of water 

resources on behalf of the state. The water in ponds possessed by agricultural collective 
economic organizations and the water in reservoirs constructed and managed by agricultural 
collective economic organizations are used by the respective agricultural collective economic 
organizations. 

1.4 In developing, utilizing, saving and protecting water resources and controlling water disasters, 
overall planning should be performed in a comprehensive and systematic way with all aspects 
taken into account and with emphasis on multiple purpose uses and achieving maximum 
benefits so as to allow full play to the multiple functions of water resources and rationally 
allocate the water used by livelihood, production and operation, and ecological environment. 

1.5 The people’s government above county level should strengthen construction of water 
infrastructures and bring this into its national economy and social development plan. 

1.6 The state shall encourage units and individuals to develop and utilize water resources under 
conditions prescribed by the law and protect their legal rights and interests. The units and 
individuals developing and utilizing water resources have the duty to protect water resources. 

1.7 The state shall exercise water-drawing permit system and paid water use system under 
conditions prescribed by the law except the water in ponds and reservoirs owned and used by 
agricultural collective economic organizations and their members. The department of water 
administration under the State Council shall be in charge of the organization and 
implementation of water-drawing permit system and paid water use system at national level. 

1.8 The state shall strictly enforce water savings and devote major efforts to pursuing water saving 
measures, extending up-to-date water saving techniques and arts, developing water saving 
industry, agriculture and services and setting up water saving society. 

 The people’s governments at various levels should adopt measures to strengthen administration 
to water savings, establish the development and extension system for water saving technology, 
and nurturing, educating and developing water saving industry. 
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The units and individuals have the duties to save water. 
 
1.9 The state shall take effective measures to protect water resources and improve ecological 

environment, including planting trees and grass to protect vegetation, conserve water source 
and prevent soil and water loss and water pollution. 

1.10 The state stimulates and gives support to the study, extension and application of advanced 
science and technology in developing, utilizing, conserving, protecting and managing water 
resources and controlling water disasters. 

1.11 The units and individuals that have made outstanding achievements in developing, utilizing, 
conserving, protecting and managing water resources and controlling water disasters shall be 
rewarded by the people’s governments at various levels. 

1.12 The state shall exercise a management system associated with rive basin management and 
administrative management. 

 The department of water administration under the State Council shall be in charge of the unified 
administration and supervision of water resources throughout the entire country. 

 The river basin management institutions of some major rivers and lakes designated by the 
department of water administration under the State Council shall exercise the responsibility of 
water administration and supervision prescribed by the law and administrative regulations and 
authorized by the department of water administration under the State Council within their 
jurisdictions. 

 The water administrative departments of local people’s governments at or above the county 
level shall be in charge of the unified administration and supervision of water resources within 
their administrative regions in conformity with the assigned limits of authority. 

1.13 The relevant departments under the State Council shall be in charge of corresponding 
development, utilization, conservation and protection of water resources in conformity with the 
respective responsibility. 

 The relevant departments of local people’s governments at or above the county level shall be in 
charge of corresponding development, utilization, conservation and protection of water 
resources within their administrative regions. 

 
Water Resources Planning 
 
2.1 The state shall make the national strategic water resources plans. 
 
 In the development, utilization, conservation and protection of water resources as well as in 

control of water disasters, overall planning shall be undertaken with river basin or region as 
basic units. Plans are classified into river basin plans and regional plans. River basin plans 
include comprehensive river basin plans and professional river basin plans and regional plans 
include comprehensive regional plans and professional regional plans.  

 
 The above-mentioned comprehensive plans refer to the overall plans made for the development, 

utilization, conservation and protection of water resources and control of water disasters in the 
light of the needs for economic and social development and status quo of water resources 
development and utilization. The above-mentioned professional plans refer to planning for 
flood control, waterlogging control, irrigation, navigation, water supply, hydro-electric power 
generation, bamboo and log rafting, fishery, water resources protection, soil and water 
conservation, sand prevention and control, and water savings etc. 

 



 
 

 63 

2.2 The regional plans within the river basin should be subordinated to basin plans and professional 
plans should be subordinated to comprehensive plans. 

 
 The comprehensive river basin plans and comprehensive regional plans as well as professional 

plans closely related with land use should be in coordination with the plans for national 
economy and social development, the overall plans for land use, the overall plans for urban 
development and the plans for environmental protection with the demand of various regions 
and various sectors taken into account. 

 
2.3 For the formulation of water resources planning, comprehensive scientific investigation, survey 

and assessment must be undertaken. The comprehensive scientific investigation, survey and 
assessment of water resources shall be performed by the water administrative departments of 
local people’s governments at or above the county level jointly with relevant departments 
concerned at the same level. 

 
 The people’s governments at or above the county level should strengthen the development of 

information system for hydrology and water resources. The water administrative departments 
of local people’s governments at or above the county and river basin administration institutions 
should strengthen the dynamic monitoring to water resources. 

 
 The basic hydrologic data should be made public in accordance with relevant regulations of the 

state. 
 
2.4 Comprehensive plans for the basins of major rivers and lakes so designated by the State shall be 

formulated by the department of water administration under the State Council in conjunction 
with relevant departments under the State Council and relevant people's governments of 
provinces, autonomous regions and municipalities directly under the Central Government. 
These plans shall be submitted to the State Council for approval. Comprehensive plans for the 
basins of other inter-provincial, inter-autonomous region and inter-municipalities directly 
under the Central Government rivers and lakes and for regions shall be formulated by river 
basin administration institutions in conjunction with the water administrative department and 
relevant departments of provinces, autonomous regions and municipalities directly under the 
Central Government in which the rivers and lakes located. These plans shall be submitted to the 
people's government of provinces, autonomous regions and municipalities directly under the 
Central Government for overview and comments, then submitted to the department of water 
administration under the State Council for overview and lastly submitted to the State Council or 
department authorized by the State Council for approval after soliciting opinions by the 
department of water administration under the State Council from the State Council.  

 
 The comprehensive plans for the basins and for the regions of other rivers and lakes beyond the 

above-mentioned shall be formulated by the water administrative departments of local people’s 
governments at or above the county in conjunction with relevant departments at the 
corresponding level and relevant local people’s governments. These plans shall be submitted to 
the people's government at the corresponding level or department authorized by the people's 
government at the corresponding level for approval and to the water administrative department 
at the next higher level for record.  

 
 Professional plans shall be formulated by relevant departments of the people's governments at 

or above the county level. These plans shall be submitted to the people's government at the 
corresponding level for approval after soliciting opinions from other relevant departments at 
the corresponding level. Out of which, the formulation and approval of plans for flood control 
and plans for soil and water conservation shall be performed according to the Flood Control 
Law and Soil and Water Conservation Law.  
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2.5 The plans shall be strictly performed once upon they are approved. 
 
 Any modification on an approved plan must be submitted to the organ that originally approved 

the plan for approval in the light of the procedure for plan formulation.  
 
Water Resources Development and Utilization 
 
3.1 The development and utilization of water resources shall follow the policy of deriving benefits 

while mitigating damages, take into account the interests of both upstream and downstream, 
both left and right bank as well as all involved regions so as to fully realize the comprehensive 
benefits of water resources and shall also conform to the overall arrangement for flood control 

 
3.2 In the development and utilization of water resources, the domestic water demands of urban 

and rural inhabitants shall be satisfied first, while agricultural and industrial water demands as 
well as ecological environmental and navigation requirements shall also be considered and 
taken care of.  

 
 In arid and semiarid areas, the development and utilization of water resources should give full 

consideration to the water requirement of ecological environment. 
 
3.3 For any inter-basin water transfer project, overall planning and scientific justification must be 

undertaken, water demands of both the export and import basins must be considered, and any 
damage to the ecological environment must be averted.  

 
3.4 Local people’s governments at various levels shall rationally organize the development and 

comprehensive utilization of water resources in the light of the actual conditions of local water 
resources and in the principle of conjunctive dispatching and development of surface water and 
groundwater, integration between developing source and saving water, giving priority to water 
savings, and sewage treatment and reuse. 

 
 Formulation for the plan of the national economic and social development as well as the overall 

plan for urban development and the layout of significant construction projects shall conform to 
local water resources conditions and flood control requirement, meanwhile, scientific 
justification shall be undertaken; in areas deficient of water, urban growth and the development 
of high water consumption industries, agriculture and services shall be restricted. 

 
3.5 In areas deficient of water, the state encourage the harvesting, development and utilization of 

rainwater and saline water and use and desalination sea water. 
 
3.6 Local governments at various levels should strengthen the lead to irrigation, draining of water 

logged areas and soil and water conservation and promote the development of agricultural 
production; in areas prone to salinization-alkalization and water-logging, measures shall be 
taken to control and lower groundwater table.  

 
 The agricultural collective economic organizations or their members who invest and construct 

water infrastructures in the collective land or contracted land owned by the agricultural 
collective economic organizations shall manage and rationally use the water infrastructures and 
water storage according to the principle that who invest and construct and who will manage and 
be benefited. 

 
 Any agricultural collective economic organization that plans to construct reservoir shall submit 

to the water administrative department of local people’s government at or above the county 
level for approval. 
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3.7 The State shall encourage the development and utilization of hydropower potential. On rivers 
rich in hydropower potential, multiple-purpose cascade development in a planned way shall be 
practiced. 

 
 In the construction of hydropower stations, the ecological environment shall be protected, and 

the requirements of flood control, water supply, irrigation, navigation, bamboo and log rafting, 
fishery, etc., shall be taken into account.  

 
3.8 The State shall safeguard and encourage the development of navigation potential. When 

building permanent dams and sluice gate structure on migration route of aquatic organisms and 
navigable or bamboo and log rafting streams, the construction unit must simultaneously build 
facilities for fish, ship or log passage or, after being approved by departments authorized by the 
State Council, take other remedial measures and also make adequate arrangements for aquatic 
organisms protection, navigation and bamboo and log rafting during the construction period 
and the initial filling period, and bear the expenses thereby incurred.  

 
 In case a non-navigable stream or man-made waterway becomes navigable after a dam or sluice 

gate structure is built, the construction unit shall simultaneously build ship passage facilities or 
reserve sites for such facilities. 

 
3.8 No unit nor individual, while diverting, storing or drainning water, shall infringe upon public 

interests and lawful rights and interests of others.  
 
3.9 The state shall pursue open policies to resettlement due to construction of water projects and 

shall make proper arrangement for the livelihood and production and safeguard the lawful 
rights and interests of relocatees.  

 
 Resettlement shall be conducted together with the construction of project. The construction unit 

shall make plan for resettlement according to the environmental capacity of resettled areas and 
local conditions and in the principle of sustainable development. The local people’s 
government shall be responsible for the organization and implementation of the resettlement 
after approval.  The funds needed for the resettlement of the relocatees shall be included in the 
investment plan of the project. 

 
Protection of Water Resources, Water Bodies and Water Projects 
 
4.1 The water administrative departments of people’s government at or above the county level, 

river basin administrative agencies and other concerned departments shall pay attention to 
keeping the reasonable flow of rivers and the rational water table of lakes, reservoirs and 
groundwater and maintaining the natural purification capabilities of water bodies. 

 
4.2 Any water activity involved with the development, utilization, conservation and protection of 

water resources and control of water disasters shall abide by the approved plan; and they shall 
bear the responsibility for improvement due to violation of plan resulting in the reduction of the 
functions of rivers and lakes etc., water bodies, groundwater overexploitation, ground 
settlement and water pollution.  

 
 In mining operations or the construction of underground projects, when water drainage results 

in cutting down of the groundwater table, groundwater depletion, ground subsidence or 
cave-ins, the mining unit or the construction unit shall take remedial measures, and compensate 
for the losses to the livelihood and production of other units or individuals, 

 
4.3 The department of water administration under the State Council in conjunction with the 

department of environmental protection administration under the State Council and relevant 
people's governments of provinces, autonomous regions and municipalities directly under the 
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Central Government shall formulate the water function zonation of some major rivers and lakes 
so designated by the State and submit to the State Council for approval.  

 
 The water zonation of other inter-provincial, inter-autonomous region and inter-municipalities 

directly under the Central Government rivers and lakes shall be formulated by river basin 
administration institutions in conjunction with the water administrative department, 
environmental protection administration department and relevant departments of provinces, 
autonomous regions and municipalities directly under the Central Government in which the 
rivers and lakes located. These plans shall be submitted to the people's government of 
provinces, autonomous regions and municipalities directly under the Central Government for 
review and comments, then submitted to the department of water administration under the State 
Council and department of environmental protection administration under the State Council for 
review and lastly submitted to the State Council or department authorized by the State Council 
for approval. 

 
 The water zonation of other rivers and lakes beyond the above-mentioned shall be formulated 

by the water administrative departments of local people’s governments at or above the county 
level in conjunction with the environmental protection administrative departments of local 
people’s governments at the corresponding level and relevant departments. The zonation shall 
be submitted to the people's government at the corresponding level or department authorized by 
the people's government at the corresponding level for approval and to the water administrative 
department and environmental protection administration department at the next higher level for 
record.  

 
 The water administrative department of local people’s government at or above the county level 

and river basin administration institutions shall monitor the water quality of the water zones and 
immediately report to the relevant people’s government to take treatment measures and 
circulate to the environmental protection administrative department as long as they find that the 
discharged amount of some major pollutants has exceeded the control index or the water quality 
in the water zones can not meet the requirement. 

 
4.4 The state shall establish the system of drinking water source protection areas. The people’s 

governments of provinces, autonomous regions and municipalities directly under the Central 
Government shall delimit the protection areas of drinking water source and take measures to 
prevent water source depletion and water body pollution so as to safeguard the drinking water 
security of urban and rural residents. 

 
4.5 Sewage outlet in the drinking water source protection areas is prohibited.  
 
 Any new construction, rehabilitation and exaggeration of sewage outlet shall be approved by 

the water administrative departments with jurisdiction or river basin administration institutions. 
The report for environmental impact of the construction project shall be submitted to the 
environmental protection administrative department for approval. 

 
4.6 As to the construction of projects that occupied irrigation water sources or irrigation and 

drainage facilities or, exert adverse impact to the original irrigation water source and water 
supply source, the construction unit shall take corresponding remedial measures and 
compensate for any incurred loss. 

 
4.7 In groundwater overexploitation areas, local people’s governments at or above the county level 

shall take measures to strictly control groundwater overexploitation. In severe groundwater 
overexploitation areas, non-groundwater exploitation areas or limited groundwater exploitation 
areas can be delimited after approval from provinces, autonomous regions and municipalities 
directly under the Central Government. Scientific justification shall be undertaken to 
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groundwater exploitation in coastal areas and measures shall be taken to prevent ground 
subsidence and sea water ingression. 

 
4.8 In any river, lake, reservoir and canal, discarding or piling objects impedimental to flood 

passage and navigation, or planting trees and growing crops of long stalk variety impedimental 
to flood passage is prohibited. 

 
 In any river channel, constructing structure impedimental to flood passage and any activity 

influencing the stability of river or endangering the safety of river banks or any activity 
impedimental to flood passage is prohibited. 

 
4.9 Building of bridge, wharf and other structures blocking, crossing or bordering a river channel; 

laying pipelines or cables across a river, must comply with State-specified standards for flood 
control and navigation as well as other related technical requirements. The project construction 
plan shall be submitted to the water administrative departments for review and approval in the 
light of the relevant regulations of the Flood Control Law. 

 
 When existing structures or facilities require extension, modification and removal, or suffer 

damage because of the building of the structures or facilities listed in the foregoing clause, the 
construction unit of the subsequent projects shall bear the expenses for the extension and 
modification as well as the expenses for the compensation of losses, except when the existing 
structures or facilities violate relevant regulations.  

 
4.10 In river channel, the state shall pursue sand mining permit system. The detailed regulations for 

sand mining permit system shall be stipulated by the State Council. 
 
 Any sand mining activity in river channels that influence the stability of river or endanger the 

safety of river banks, the water administrative department of local people’s government at or 
above the county level should delimit mining prohibited area and stipulate mining prohibited 
period and make it to the public. 

 
4.11 Reclaiming parts of lakes for farmland is prohibited. The reclaimed parts shall be returned to 

the lake in a planned way according to the flood control standards stipulated by the state. 
 
 Reclaiming river beaches for farmland is also prohibited, in case of definite necessity, scientific 

justification is mandatory and must be approved by the people’s government at the 
corresponding level after approval by the water administrative departments of people's 
governments of province, autonomous region, or municipality directly under the Central 
Government or the water administrative department under the State Council  

 
4.12 Any unit and individual has the duty to protect water projects and no one shall encroach upon or 

damage the facilities such as dikes, bank revetments, flood control facilities, hydrologic 
monitoring facilities, hydrogeological monitoring facilities etc. 

 
4.13 Local people’s government at or above the county level shall take measures to safeguard the 

safety of water projects especially the safety of dams and dikes within its jurisdiction and 
eliminate dangerous state of situation within prescribed time limit. The water administrative 
department shall strengthen supervision and administration to the safety of water projects. 

 
4.14 The state shall safeguard the water projects. For each State-owned water project, a management 

and safeguard zone shall be delimited based upon the State Council’s provisions.  
 
 For any water project owned by the water administrative department under the State Council or 

river basin administration institutions, a management and safeguard zone shall be delimited by 
concerned departments or river basin administration institutions after consultation with 
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people’s government of the corresponding province, autonomous region, municipality directly 
under the Central Government.  

 
 For any other water project beyond the above-mentioned, a management and safeguard zone 

shall be delimited according to the stipulations of people’s government of the corresponding 
province, autonomous region, municipality directly under the Central Government.  

 
 Within the safeguard zone of a water project, activities such as blasting, well sinking, rock 

quarrying, earth borrowing, etc., which influence the operation and endanger the safety of the 
water project are prohibited. 

 
Allocation and Economical Utilization of Water Resources 
 
5.1 The development and planning department under the State Council and the department of water 

administration under the State Council are responsible for the macro dispatching and allocation 
of water resources of the entire county. The middle and long-term plan on water demand and 
supply of the entire country and those of different provinces or autonomous regions and 
municipalities directly under the Central Government shall be formulated by the department of 
water administration under the State Council in cooperation with other relevant departments 
and shall be executed upon approval from the competent development and planning department 
under the State Council. Local middle long-term plans on water demand and supply shall be 
formulated, based upon the middle and long-term plan on water demand and supply formulated 
by the competent department of the people's government at the next higher level and upon 
actual local conditions, by the water administrative department of the local people's 
government at or above the county level in cooperation with other relevant departments at the 
corresponding level, and shall be executed upon approval from the competent development and 
planning department of the people's government at the corresponding level.  

 
 The middle and long-term plans on water demand and supply shall be formulated according to 

the status quo of water supply, the plan for national economic and social development, the plan 
of river basins and the plan of regions and in the principle of coordination between water supply 
and demand, integrated balance, ecological protection, water savings and rational development 
of water source. 

 
5.2 In runoff regulation and water allocation, the water allocation plan shall be formulated in the 

light of the plan of river basins and the middle and long-term plans on water demand and supply 
with river basin as the unit. 

 
 Water allocation plan and water dispatching plan under emergent drought situations of different 

provinces or autonomous regions and municipalities directly under the Central Government 
shall be formulated by the river basin administration institutions in consultation with the 
people’s government of provinces, autonomous regions and municipalities directly under the 
Central Government and shall be executed upon approval from the State Council or department 
authorized by the State Council. The other water allocation plans and water dispatching plan 
under emergent drought situations covering different administrative divisions shall be 
formulated by the water administrative department of the people's government at the next 
higher level after consulting with the concerned local people's governments, and shall be 
implemented after approval is granted by the people's government at the corresponding level.  

 
 The water allocation plan and water dispatching plan under emergent drought situations must 

be strictly executed by relevant local people’s government after approval. 
 
 Any project for the development and utilization of water resources constructed on the boundary 

rivers of different administrative divisions shall conform to the approved water allocation plan 
in this river basin and shall be submitted by local people’s government at or above the county 
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level to the water administrative department of people’s government at the next higher level for 
approval. 

 
5.3 The water administrative department of local people’s government at or above the county level 

or river basin administration institutions shall formulate the annual water allocation plan and 
annual water dispatching plan based on the approved water allocation plans and the predicted 
annual water inflow and shall perform integrated water dispatching; relevant local people’s 
government must obey. 

 
 The annual water allocation plans of major rivers and lakes designated by the state shall be 

brought into the annual plan for the national economic and social development. 
 
5.4 In water use, the state shall pursue a system of integration between total amount control with 

quota management. 
 
 The sector administrative departments of the people’s government of provinces, autonomous 

regions and municipalities directly under the Central Government shall formulate the sectoral 
water use quota within its administrative regions and submit to the water administrative 
department and quality supervision and check administrative department at the corresponding 
level for review and approval. The people’s government of provinces, autonomous regions and 
municipalities directly under the Central Government shall publish the sectoral water use quota 
and submit to the department of water administration under the State Council and the 
department of quality supervision and check administration under the State Council for record. 

 
 The development and planning administrative department at or above the county level in 

conjunction with the water administrative department at the corresponding level shall formulate 
the annual water use plan according to the water availability determined from the water use 
quota, economic and technical conditions and the water allocation plan and carry out total 
amount control to the annual water use within the administration region. 

 
5.5 The unit and individuals who draws water directly from rivers, lakes or ground aquifers, shall 

apply forthwith water-drawing permit license from the water administrative department or river 
basin administrative institutions based upon the provisions of the State’s water-drawing permit 
system and paid water use system and shall pay the water resources fees so as to get water 
drawing rights. For unit and individuals who draws water for household use and for livestock 
and poultry drinking, and also for other small quantity water drawings, it is not necessary to 
apply for water-drawing permit license.  

 
 The measures for the implementation of water-drawing permit system and collection of water 

resources fees shall be stipulated by the State Council. 
 
5.6 Water volume should be measured and used with the approved one. 
 
 In water use, volumetric water use and successive accumulation system for extra water use 

shall be carried out. 
 
5.7 The people’s government at various level shall pursue efficient irrigation method and water 

saving technology and seepage and percolation measures shall be taken in agricultural water 
storage works and water delivery works to increase agricultural water use efficiency. 

 
5.8 Advanced technology, arts and facilities shall be used in industrial water use and the recycled 

use times and water reuse rate shall be increased. 
 
5.9 The people’s government at various level shall take active measures to improve the drinking 

water conditions in urban and rural areas. 
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5.10 Those who use water provided by water-supply project, shall pay water charge to the supplying 

unit in accordance with the state’s stipulations. The water supply price shall be determined in 
the principle of compensation for the cost, reasonable benefit, high quality high price and fain 
share. The detailed measures shall be determined by the price competent department of 
people’s government at or above provincial level in conjunction with water administrative 
department or other water supply administrative department at the corresponding level within 
the jurisdiction. 
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 Annex 1 
 

BASIC DATA IN JIAODONG PENINSULA 
 
 
The yearly average monthly rainfall and reference ET data for Jiaodong (Yantai and Weihai) are given 
in Table 1 and Table 2. The monthly rainfall in Yantai and Weihai adopts the average values of 44 years 
from 1956 to 1999 in Yantai and Weihai gauge station respectively. The crop coefficients in different 
growth stages for main crops are shown in Table 3. Agriculture water use, industry and domestic (D&I) 
water use from 1984 to 2000 is shown in table 4. The predicted water requirement for industry and 
domestic is described in table 5. 
 

 

 
 

Table 3 Crop coefficients for main crops 
 

Development stages 

Crops  
Initial-season Quickly 

development Mid-season End-season 

Date 22 June～7 July 8 July～3 Aug. 4 Aug.～3 Sep. 4～26 Sep. Summer- 
maize Kc 0.63 0.63～1.14 1.14 1.14～0.59 

Date 5 April～1 June 2 June～7 July 8 July～4 Aug. 5～24 Aug. Groundnut Kc 0.37 0.37～1.12 1.12 1.12～0.57 
Date 19～30 June 1～14 July 15 July～24 Aug. 25 Aug.～9 Sep. Soybean Kc 0.61 0.61～1.11 1.11 1.11～0.46 
Date 7 April～3 May 4 May～3 June 4 June～17 July 18 July～12 Aug. Sweet Potato 

(and Potato) Kc 0.4 0.4～1.14 1.14 1.14～0.71 
Date 5～30 June 1～30 July 31 July～27 Oct. 28 Oct.～6 Nov. Vegetable 

(sugar beet) Kc 0.45 0.45～1.18 1.18 1.18～0.7 
Date 3～21 April 22 April～20 May 21 May～18 June 19 June～17 July Melons Kc 0.45 0.45～1.01 1.01 1.01～1.0 
Date 1～20 April 21 April～27 June 28 June～22 Sep. 23 Sep.～21 Oct. Fruit Kc 0.44 0.44～0.9 0.9 0.9～0.7 

 
 
 
 

Table 1 Monthly average rainfall (mm) in Yantai and Weihai from 1956-1999
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Yantai 168.0 160.2 75.8 38.5 33.0 19.5 11.8 12.6 19.5 37.7 42.1 69.6
Weihai 179.5 207.9 91.6 34.6 29.3 19.1 13.1 11.7 20.3 43.6 51.8 86.0

Table 2 Monthly Reference ET (mm) in Yantai and Weihai
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

Yantai 127.9 106.2 106.3 82.8 50.9 36.1 31.9 39.1 72.5 113.1 143.9 143.8
Weihai 125.2 104.1 104.1 81.1 49.9 35.4 31.2 38.3 71.0 110.8 141.0 140.9
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Table 3 Crop coefficients for main crops (continued) 

 
Development stages 

Crops 
 

seeding freezing Soil frost reviving～
heading 

flowering
～filling 

Milking～
harvest 

Date 28 Sep.～30 
Nov. 

1～9 Dec. 12 Dec.～
25 March 

26 March～6 
May 

7 May～ 
8 June 

9～21 June 
Wheat 

Kc 0.6 0.6～0.4 0.4 0.4～1.17 1.17 1.17～0.4 
 

 
 

       Table 4 Water use for all sectors in past and present condition 

1984 926.0 107.8 85.4 258.3 32.2 24.9
1985 954.6 141.9 96.2 182.0 36.3 25.7
1986 1042.5 159.7 100.2 328.1 46.5 26.4
1987    292.3 55.4 28.3
1988 1014.0 147.6 133.1 373.7 58.0 33.3
1989 1006.8 148.8 106.5 286.6 56.8 37.0
1990 741.4 159.6 122.9 193.8 60.6 38.2
1991 965.9 162.8 143.4 249.1 70.3 45.8
1992 965.0 171.3 132.5 265.3 77.1 46.5
1993 913.1 214.5 135.2 237.1 83.2 50.9
1994 973.7 196.7 137.7 205.2 81.0 56.1
1995 900.2 210.1 133.8 203.5 87.3 65.3
1996 880.9 250.1 138.5 251.8 86.2 66.4
1997 913.0 231.4 144.6 262.5 92.3 66.2
1998 888.4 236.8 137.0 199.9 91.7 71.7
1999 856.0 251.2 170.1 265.8 92.0 77.1
2000 684.0 237.0 154.0 176.0 76.0 57.0

Average 929.4 186.0 127.8 253.4 69.2 47.5
Past(1980) 974.4 136.5 93.9 256.2 38.3 25.7

Present(2000) 844.4 241.3 148.8 231.2 87.6 67.7

Agriculture Industry Domestic
year

Yantai Yantai

Agriculture Industry Domestic

Cities Items Future (2025)
Domestic, Rural 112
Domestic, Urban 325

Industrial 409
Total 846

Domestic, Rural 44
Domestic, Urban 134

Industrial 125
Total 303

Yantai

Weihai

Table 5 Water requirement for domestic and industry in the
future(2025) (million m3)
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Annex 2 
 

BASIC DATA IN QIANTANG BASIN 
 
River runoff at various stations 
 
The natural river runoff varies remarkably, out of which, the ratio of the maximum to the minimum is 
high to 3 to 4. The average, maximum and minimum values of water resources at various stations are 
shown in following table. 
 

Characteristic Water Resources Value at Various Stations of Qiantang River System 
 

Maximum year Minimum year Rive 
name 

Station 
name 

Catchment 
area 

(Km2) 

Average 
value 

(106m3) 
Runoff 
(106m3) Year Runoff 

(106m3) Year max/min 

Qu Quzhou 5424 6590 9910 1954 3090 1978 3.20 
Lang Lanxi 18233 17800 28400 1954 7570 1978 3.75 

Xin’an Yuankou 687 646 1140 1873 327 1979 3.49 
Jinhua Jinhua 5953 4530 6970 1954 1720 1978 4.05 
Puyang Zhuji 1719 1220 2100 1954 500 1978 4.20 
Cao’e Dongshafu 3302 2510 3530 1954 1120 1978 3.20 

Fuchun Qililong 31645 20100 54300 1954 17300 1979 3.14 
 

Net irrigation quota in various irrigation zones 
 
Continuous paddy cropping is predominant in the cropping system of Qiantang River Basin. The net 
irrigation duty with 90% probability is 7200m3/ha～10200 m3/ha for paddy field, 1950 m3/ha～3165 
m3/ha for upland, and 1500 m3/ha～2400 m3/ha for garden plot. The net irrigation duty in each 
irrigation zone with 90% probability is given in the following Table. 
 

Unit: m3/ha 

Zone Paddy Upland Crop Gardens 

Changshan 9495 2835 2130 
Jiangshan 9795 3000 2250 

Qubei 10110 3165 2370 
Qunan 10110 3165 2370 

Dongpan 9390 2715 2040 
Yiwu 9435 2895 2175 

Yongkang 9240 2595 1950 
Wuyi 8955 2565 1920 

Jinwulan 9825 3060 2295 
Shouchang 8070 2550 1920 

Upstream 

Fuchun Reser 7575 2535 1905 
Fenshui 7260 2460 1845 
Luzhu 8985 2055 1545 

Huyuan 8700 2010 1515 
Main stream of 
Fuchun River 9300 2145 1605 

Downstream 

Puyang 9840 2445 1830 
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Annex 3 
 

POLICIES FOR AGRICULTURE AND  
RURAL DEVELOPMENT IN CHINA 

 
Since the Fourteenth National Congress of the Communist Party of China, the Central Committee had 
regarded safeguarding the farmer’s legitimate rights and interests and mobilizing the farmer’s 
initiatives as the starting point and foothold for agricultural and rural economic development and issued 
a series of significant policies and measures as follows: 
 

• Stabilizing the contracted responsibility system with remuneration linked to output, improving 
the management system with integration of the whole and the part, prolonging the land 
contracted period to be unchanged within 30 years and establishing the lawful status of rural 
basic management system; 

• Increasing the purchasing price of cereal and cotton and reforming the purchasing and selling 
system of cereal and cotton etc. major agricultural product and the circulating system of 
fertilizer; 

• Controlling capital construction scale, adjusting investment structure and increasing 
agricultural income through various channels; 

• Implementing the strategy of vitalizing agriculture with science and education, deepening the 
reform of educational system and popularizing practical agricultural techniques; 

• Carrying out the provincial governor and mayor responsibilities system of “cereal bag” and 
“vegetable basket” and mobilizing local government’s initiatives in developing agriculture; 

• Facilitating the stock cooperation system actively, implementing cooperative projects between 
the east and the west and improving the development qualities of town and township 
enterprises;  

• Carrying out preferential policies in poorer regions, increasing investment in poverty 
elimination, carrying out provincial governor responsibility system of poverty elimination, 
carrying out providing work as a way of relief and dressing warmly and eating one’s fill etc. 
large scale special poverty elimination plans and arousing the whole social strength to help the 
development and construction of poorer regions; 

• Lightening the burden on farmers conscientiously and safeguarding the farmer’s interests and 
initiatives; 

• Conserving agricultural resources, accelerating the construction of ecological agriculture and 
carrying out the strategy of sustainable agricultural development; 

• Strengthening the construction of rural primary organizations and solving the weakness and 
slackness issues in rural primary organizations; 

 




