The 9th International Rainwater Catchment System Conference 
June. 1999, Brazil



Division Study of Rainwater Utilization in China
Haisheng Mou, Huilin Wang, Hsiang-te Kung

Beijing Research and Application Institute of Water

1900 Clinton Ave. S., Apt. 11

Minneapolis, MN 55404 USA

Fax: 612-813-1852

Email: hmou@stthomas.edu
Abstract

During the last two decades, there has been a dramatic increase in the application of rainwater catchment systems for domestic water supplies and agricultural irrigation, especially for rural areas in developing countries. Tens of millions of systems have been constructed worldwide, and interest in these is continuing to grow, even in urban and industrialized regions. An old technology is gaining popularity in a new way. Rainwater collection will play an important role in solving the water shortage problems in China. This study analyzes those areas most suitable for rainwater catchment in China and presents the ranking of fitness for rainwater catchment in China and its further development in the near future. A GIS is used to help identify and list the potential areas of rainwater catchment throughout China.

1.  1. Rainwater Harvesting in China

Rainwater utilization has been a popular technique in China for thousands of years. In order to provide sufficient drinking water for people and domestic animals, the roof, court, ground, road were used for harvesting rainwater. For example, in Dong-zhi-yuan of Gansu Province and north of Weihe River, Shan-xi Province, rainwater wells and jars already existed about two thousand years ago (Mou, 1996). Rainwater harvesting can also be used in addition to existing water supplies.


Because of draughts caused by the uneven distribution of rain seasons and water shortage due to water pollution and huge demand, the water crises will be one of the most serious problems in China in the next century. People have realized that the direct collection and utilization of rainwater is a technique clearly in line with efforts aimed at developing sustainable societies in the future (He & Cheng, 1996). 

One major goal of development in China is to reach a balanced development on its territory and reduce gaps between regions. Water is one important factor to impede the realization of the goal. In China, both surface and ground water is in short supply, especially in the west of the country. Under these circumstances, rainwater becomes a very important and reliable water source because it is accessible almost everywhere. 

2.  2. Previous studies on rainfall

There have been many studies on rainfall in China. They can be divided into four types. The first type is regional studies of precipitation. In 1935, Tu Chang-wang carried out a study on the distribution of China’s rainfall (Tu, 1935). In China’s Physical Geography five zones are divided according to the rainfall amount. There are rainfall rich zones (>1600mm), humid zones (between 800 and 1,600 mm), semi-humid zones (between 400 and 800 mm), semi-arid zones (between 200 and 400 mm) and arid zones (<200mm). In 1954, Zhu Bin-hai studied China’s rainfall division by the index of three months’ rainfall in the summer (Zhu, 1954).


The second kind of rainfall study concerns watershed regions. In 1980, Guo Jing-hui calculated the total runoff volume of China according to the differences of rainfall in different river basins (Guo and Tang, 1980). The Ministry of Water Resources of China evaluated the state’s water resources based on division of river basins and their rainfall in 1981. In the above studies, rainfall is considered as a main supply for the river’s runoff and its characteristics such as distribution in space and time.


The third kind of rainfall study is humid-arid condition analysis. Some researchers studied droughts, agricultural climates and humid-arid divisions using precipitation as an important factor though they did not study rainfall directly (Wang 1988). 


The fourth kind of rainfall study focuses on storms, rainfall fluctuations, rainfall changes, climate changes and so on. Different mathematical methods and models are used to distinguish changes in rainfall especially from the 1980’s (Wang, 1987; Xu, 1989).


However, there have been no studies focusing on rainwater utilization and identifying potential rainwater harvesting areas in China using the GIS method. This paper is intended to do this.

Where should rainwater utilization be applied in China? In areas where no piped water supply is available, a dug well is not applicable (e.g. where there is no suitable aquifer) or where drinking water is urgently needed because potable (treated) water is too expensive. Sometimes, a lake, reservoir, river or stream is not close at hand or the soil is not deep enough to sink a well. In China, the zones where potable water is difficult to reach cover a vast area, including: 1) the agriculture zone (including rural areas) far from rivers; 2) semi-arid or semi-humid hilly land; 3) 6,620 islands in the 3 million km2 territory waters (esp. coral islands and volcano islands); 4) 1,000,000 km2 Karst territory; and 5) the territory with high-fluorine water (Liu and Mou, 1996). In these cases, rainwater utilization may be the best source for water supply. 

3.  3. Factors affecting rainwater harvesting

Several factors influence the rainwater harvesting potentials in China. In this study, precipitation, number of rain days, rainfall fluctuation rate and topography are considered as the main factors directly affecting rainwater harvesting. 
3.1 The precipitation

The amount of rainfall in a region decides other factors of rainwater harvesting system, for instance, the catchment area, and volume of the storage tank and costs of the system. Rainfall’s characteristics will affect the demand for rainwater harvesting. The impact on rainwater harvesting by the amount of precipitation will be discussed.

In China, the total average precipitation is about 6,190 billion m3 per year. The maximum annual precipitation is over 6,000 mm. The area with precipitation less than 300 mm covers one third of the whole country (Shen, 1996). 

Rainwater is a kind of scattered water with characteristics of low intensity and widely distributed range. The scattered water is very important, especially in those areas that lack the concentrated water sources (such as rivers and reservoirs). In China, there are 100 million people living in areas lacking potable water and 140 million people have water sources affected by pollution. (Liu & Mou, 1993). 
Where precipitation is small, rainwater harvesting is needed. However, according to related studies (Liu & Wei, 1991; Liu & Ren, 1988), if the precipitation is too small (less than 100 mm), there is no need to collect rainwater because human activities do not exist. For the areas where the precipitation amount is very large (more than 1000 mm), there is little demand for rainwater harvesting.

 For an annual precipitation between 100 and 1,000 mm, the water demand increases with rainfall decreasing. This is the basis for the ranking according to annual precipitation (see table 1). 
Table 1: Rankings for Rainwater Harvesting Demand According to Annual Precipitation

Order
Annual Precipitation ( mm )
       Rank

1
0—100
            1

2
100—200
            5

3
200—400
            4

4
400—600
            3

5
 600—1000
            2

6
     >1000
            1

3.2 Rain Days

The number of annual rain days also influences the need for rainwater harvesting. The fewer annual rain days or the longer the dry period in one region, the more the need for collection of rainwater in this region. However, if the dry period is too long in one region, big storage tanks will be needed to store the rainwater and the water quality is at risk for pollution and deterioration. The cost of construction and maintenance will be high. Therefore, the number of rain days is an important parameter for the system’s design. The rankings for rainwater harvesting according to annual rain days is shown in table 2.

 Table 2: Rankings for Rainwater Harvesting Demand According to Annual Rain Days

Order
Annual Rain Days ( day )
Rank

1
0—60
3

2
60—120
2

3
> 120
1

3.3 Rainfall fluctuation rate

Another precipitation parameter-- annual fluctuation rate also affects the application of rainwater harvesting. China is situated to the west coast of the Pacific Ocean and on the slant of the Eurasian Continent that slopes to the Southeast. Due to the impact of monsoon climate on the terraces, rainfall follows a law of progressive decease from south to north and from east to west. Given this general trend, however, the precipitation shows a great variation rate both within a year and between years. The function of rainfall variation acts as the rain days in influencing rainwater harvesting. The higher the fluctuation rates, the more significant are the collection and storage of rainwater, and the higher the demand of rainwater harvesting. The ranking of rainfall fluctuation rates for rainwater harvesting is shown in table 3.

Table 3: Rankings for Rainwater Harvesting Demand According to Annual Precipitation Fluctuation Rate

Order
Annual Precipitation Rate (%)
Rank

1
0—15
1

2
15—30
2

3
> 30
3

3.4 Topography

The types of topography also influence the application of rainwater harvesting systems. In general, there are concentrated water sources, such as rivers, lakes and underground water in the low plain areas. In the high mountains, precipitation usually falls as snow due to the low temperature. Moreover, because few people live there, there is little demand for rainwater harvesting. The people there usually can find springs for water supply. Over all, the hilly and mountainous areas need more rainwater harvesting systems than the plain areas while the arid areas need more rainwater harvesting than the humid areas in China. Rainwater harvesting demand rankings according to topographic conditions are shown in table 4.
Table 4: Rankings for Rainwater Harvesting Demand According to Topographic Type

Order
Topographic Type 
Rank

1
Arid Basin
3

2
Arid/cold Hill
3

3
Cold Plain
1

4
Cold Plateau
2

5
Cold/humid Hill
2

6
Cold/humid Plateau
2

7
Desert/Prairie
4

8
High Mountain
1

9
Humid Basin
1

10
Humid/warm Hill
2

11
Humid/warm Island
2

12
Humid/warm Mountain
3

13
Low Plain
1

14
Semi-arid Plateau/hill
4

15
Semi-humid Hill
3

16
Semi-humid Prairie
4

3.5 Other factors

The areas where fresh safe drinking water (potable water) is difficult to reach are in great need of rainwater harvesting. The areas that are far from rivers and where underground water is not available also need rainwater harvesting. These include the small islands and Karst area and territory with high-Fluorine water. The data related to these factors are not available right now, and thus they were ignored in this study.

4. Method

GIS is useful in dealing with the objects consisting of different factors such as rainwater harvesting demand and it has a strong ability to identify, list, analyze, and assess the potential areas of rainwater utilization. Therefore, GIS, which involves the integration of geographic data from multiple sources within a computer environment, is applied to evaluate the potential of rainwater harvesting in China.


Geographic information systems are good at overlaying and expressing the result in a dynamic way. In this study, GIS is used to do the rainwater harvesting demand area division analysis. The software used is Arc/Info (UNIX Version) and ArcView (PC), both from ESRI.


Four layers were selected: annual precipitation, annual rain days, annual precipitation fluctuation rates and topographic types. The boundaries of the provinces are also selected to see the final location of the application potential areas of rainwater harvesting. The source of this information is the Atlas of Chinese Physical Geography. The distribution maps and respective rankings for rainwater harvesting are shown in Fig. 1 to Fig. 4. 

The layers are digitized into Arc/Info. The attribute tables based on the above factor analysis are established. Then the individual factor ranking maps are achieved (see Fig. 1 to Fig. 4). Overlays of the four layers are made to get the final demand rank area of rainwater harvesting in China. In this study, the four factors are equally weighed because there is no evidence that one factor is more important than the others. The final rankings are achieved by the addition of the four individual rankings. The final ranks range from 5 to 14. In order to get a clear idea of which part is in higher demand of rainwater harvesting, the final ranks are re-coded to four scales (1-4) and the result is shown in Fig. 5. 

6. 5. Results

The region with red color is the first class of the areas where rainwater harvesting is most demanded and the conditions are suitable to application for rainwater collection. From Fig. 5, we can see that the highest demand of rainwater harvesting is in the north, northwest and southwest of China. It can be divided into following different geographic units (Fig. 5): northwest part of Yellow soil plateau, middle and east parts of Inner Mongolia; middle and east parts of Qinghai province; area around North XinJiang; south oases of Tianshan Mountains; south top of Taihang mountains. The resulting patterns are conformed to the tradition and current practice of rainwater harvesting in China. The northwest part of the Yellow soil plateau has the longest history of rainwater collection and today it is the most advanced area of rainwater harvesting. The middle and eastern area of Inner Mongolia is China’s most important pasture of fully rain-fed grassland. The middle part of Qinghai is also a rain-fed pasture. The East of Qinghai, the south of Sanxi and the south of Gansu are also traditional rainwater harvesting areas. The south oases of the Tian Mountains are advanced agriculture areas using rainwater. North Xinjiang is a rain-fed arid pasture. 

For the area of high rainwater harvesting demand, rainwater can be used for both domestic use and agricultural use. In fact, in the Yu-Zhong-Bei hilly land of Gansu province, a project named ‘121’ has been successfully carried out under the lead of the provincial government.

There are also three areas of exception among the above regional areas (Fig. 5). However, the exceptions indicate some reasonable and rational points of the above divisions. The first exception is located in the middle of NingXia. Local people developed a self-running irrigation system next to the Yellow River, and rainwater harvesting is not necessary for irrigation. The second exception is He-tao irrigation region in the middle of Inner Mongolia. The third exception is the bottom of Zhunger Basin an arid, thinly populated desert.
The second class areas of rainwater harvesting are the northern and western parts of Hebei, Sanxi, Shanxi, Ningxia, Gansu, east part of Qinghai, east top of Inner Mongolia, around area of Tian Mountains, the middle part of Tibet, part of Yunnan and Guizhou (Fig. 5). These areas are either relatively arid or hilly or both. All of these areas are relative poor and undeveloped. The water resource shortage has been blamed for their underdevelopment. So rainwater harvesting will be an important way for these areas to develop their economy and improve peoples' lives. 

The fourth rank areas are where rainwater use is not encouraged. It only indicates that there is no condition or no need for rainwater harvesting in this area, for example, arid desert and cold high mountains. Or the areas where the surface or ground water is rich, for example, Sichuan basin, volley plain and deltas of Liaohe, Hai-luan-he, Yellow River, Huaihe, Yangtze and Pearl River. The fluvial plain is in low demand of rainwater harvesting, especially in south China. These areas are humid and relatively flat and have access to concentrated water sources.


In general, this study has provided a clear division for rainwater harvesting suitable for the hydro-geographical conditions of China. It is useful to guide the application and planning of rainwater utilization in China.
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