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Abstract

Based on the experiments carried out in a typical watershed, I will summarize the main rainwater utilization techniques in the area of the Taihang Mountain. I am also discussing the impact of rainwater utilization on the hydrological cycle. In addition, I am analyzing the potential and prospect of rainwater utilization in the Taihang Mountain.

1.Background Information
1.1
Location 

The experimental area is located at 114o15o50oE and 37o52o44oN in the Taihang Mountain in North China.

1.2
Topography

Located at the juncture of the North China Plain and Loess Plateau, the experimental area has various geomorphic types, containing river valley, terrace, slope land and bare rock, etc. The altitude ranges from 247 to 1014 m above sea level.
1.3
Climate

The climate in the area can be classified in two types, namely the semiarid and semi-humid continental monsoon climate. It is characterized by little snow in the winter and much rain in summer. The annual temperature is 13oC and the accumulated daily temperature above 10oC is 4384.8oC(day and the frost-free period is 150 to 210 days. The total solar radiation varies from 116 to 136 kj/cm2 and the annual sunshine hour amounts to 1600 to 2800 hrs. The annual precipitation ranges from 400 to 600 mm, 67.8% of which falls in the period from June to September. The yearly potential evaporation reaches 1934 mm.

1.4
Hydrogeology

The geological stratum is mainly composed of granite-gneiss of Archaen group and Proterozoic era with limestone of Cambrian period and Ordovician period and sand-shale of Permian and Carboniferous period discordantly covering on it. The thickness of the layer is 0.5 to 20 m for sand-shale and 5 to 40 m for limestone. There is a regolith with thickness of 0.5 to 10m on top of the granite-gneiss. The aquifer is mainly in the crevice of the igneous rock and metamorphic rock and in the tectono-clastic zone between the granite-gneiss and limestone stratum with abundant groundwater. The specific capacity can reach 10 m3/m(s. However, little water exits in the weathering belt of granite-gneiss rock.
1.5
Soil

In the hilly region, the soil type is mainly drab soil. Because the granite-gneiss rock is very rich in nutrient element and easy to be weathered, even the topsoil has been eroded, the underlying thick partly weathered rock can still act as usable soil. The soil structure is very stony, and easy to be eroded. Soil thickness ranges from 20 to 50 cm and averages 34.1 cm. The water holding capability of the soil is low while its conductivity is high.
1.6
Vegetation

The major vegetation types are xerophyte and semi-xerophyte shrubs, artificially planted trees, shrubs and grasses. In the sunny slope of the mountain, the dominant populations are Ziziphus Jujuba var., Spinosa Hu and Vitex L .negundo var. and heterophylla Rehd. The cover ratio of the plant averages 20% and the height of the population ranges between 0.3 and 0.6 m. In the shaded slope of the mountain, the dominant population is Leptodermis Wall oblonga Bunge with a height of 0.3 to 0.6m and 20% of cover ratio. The species of artificial plants are mainly composed of economical ones such as Juglans regia L, Diospyros kaki L., Ziziphus jujiba Mill and Prunus armeniaca L. They are scattered over the valley and riverbed. Low plant and small cover ratio are the main features of the vegetation in this area.
To sum it all up, the area where the experiment took place lies in the semi-arid and semi-humid area in North China. Due to the typical continental monsoon climate and the serious soil erosion, water shortage has become the main constrains for the development of agricultural production and improvement of peoples' living condition. It is estimated that the rain-fed agriculture land amounts to 0.44 million ha, 79.8% of the total cultivated, and has low yield owing to frequent droughts. Besides, there are 1.05 million people and 4.00 million animals lacking drinking water supplies. Rainwater is the only potential water source in the area. Development of the rainwater resources plays a very important role in the agriculture production.
2.Rainwater utilization techniques

Rainwater harvesting is a traditional technology in the area of Taihang Mountain. Along with the increasing water requirement due to rapid population growth and social and economic development and the increasingly serious environmental pollution, rainwater utilization techniques have been further updated and developed. Measures in the treatment of catchment field and control of rainwater have been adopted to develop runoff agriculture and runoff reforestation. Based on the experimental results in a typical watershed, the fish scale pit, contour ditch, terrace in the gully, rainwater concentration and slope treatment by hardening, chemical agent spraying, field covering with plastic film as well as mulching, micro sprinkler, drip and seepage irrigation were developed. The rainwater utilization techniques are summarized in the following section.

2.1
Types of rainwater harvesting system according to the rainwater collection field

2.1.1Rainwater harvesting using roof and courtyard 

In this system, the roof and courtyard are used to collect rainwater for domestic use. The roof area of a normal household is about 150 m2. The average runoff coefficient is about 0.75. In a normal year, it can collect 80 m3 rainwater to meet the water demand of 4-6 people and 1~2 big animals. The rainwater harvesting system is composed of 4 parts, namely, the roof, collecting ditch, water deliver pipe and cistern. Cistern is underground water storage. The local people also call it "dry well". It consists of bottom, wall and top cover. It has the size of 1.5 to 3.0m in diameter and 4 ~6 m in depth. Usually, the cistern is made of concrete with a thickness of 0.2-0.3 m to prevent leakage. There is a hole on the upper part of the wall for water intake and an outlet at the bottom.
2.1.2Rainwater harvesting using natural slope 

The natural slope is used to collect rainwater for irrigation of crop and cash plants. The system is composed of natural slope for rainwater catchment, ditches for water collecting and the cistern for storage. Sometimes, the slope is treated by compacting the surface, chemical agent spraying or by covering it with plastic film. The runoff coefficient for treated surface can be increased from 0.3 on the natural slope to 0.48, 0.65 or 0.67, respectively. Slope with treated area of 100 m2 can collect 27 m3, 36 m3 and 39 m3 of rainwater to meet the water requirement of 300 m2 grain field or 400 m2 cash crops using drip and other water saving technique. The cistern is 3 m in length, 3 m in width and 2 m in depth.
2.1.3Rainwater harvesting on bare rocks

This type of rainwater harvesting system is mainly distributed in area of calcareous sandstone and slate. Large bare rock is used as rainwater catchment field. Rainwater flows through the rock surface and collector ditches into pools or ponds for irrigation use. The pool is cylinder or cubic in shape with depth of 3m and storage capacity of 10 to 1000 m3. The bottom and sides of the structure are lined with cement mortar in hilly area and with soil, cement and lime mixture in the plain. The inlet and outlet are built on the side of the pool.
2.1.4Rainwater harvesting using road as catchment
The road surface is used to collect rainwater for irrigation of crops and cash plants. It is composed of collecting ditch and storage pool or cistern. Roughly speaking, 100 m2 of asphalt paved road can collect 40 m3 of rainwater, while the same area of sand-gravel road can collect 30 m3 of rainwater.

2.1.5Harvesting of spring and submerged flow 

These projects are mainly in the area of granite and genesis stratum where many springs and subsurface flow are widely distributed. Pipelines divert the scattered springs and the submerged flow is retained by concrete underground dams and then directly used for irrigation or stored in pools for irrigation and drinking purpose. Although there is little spring water, averaging a daily output of only 3 m3, it can be stored for irrigation of 0.4-1.2 ha of farmland.

2.2
The other rainwater harvesting techniques

2.2.1Weir pit and pond for rainwater harvesting 

In these systems, runoff produced by rainfall is stored for irrigation of farmland by weir, pit or pond in a valley or gully with appropriate topographical and geological condition. The weir is built in a gully and composed of dam and water relief outlet with very simple technique. Usually, no complicated seepage control measures are needed. The normal storage capacity is less than 10,000 m3, enough for agriculture, husbandry and drinking purpose.
Pits are usually constructed in the granite-gneiss area where the soil as well as the alluvial and deluvial deposits have a strong penetrating capability and the rich submerged and basic flow are available. Pits in the main gully with round or cubic shape, 3~10m in diameter, 10 m in depth are excavated and lined with cement mortar. They are mainly for storing runoff and submerged flow for irrigation and domestic use.

The pond is for retaining flood flow with a capacity from 10 ~100, 000 m3 for agricultural irrigation water supply. In seasonal rivers with a large flood, both in total amount and peak discharge, the diversion dams and channel systems are constructed to distribute the runoff into many connected cisterns or convey water directly for irrigation.

2.2.2Rainwater harvesting system in a micro watershed

The water collection field with relatively large area is used to produce water, which is stored in a reservoir or cisterns and then delivered by channels, pipes to supply irrigation and domestic water use. The water collection field is treated according to the economic condition. The respective rainwater harvesting system can also be connected to form a large runoff agriculture system.
2.2.3Micro runoff reforestation

The micro runoff reforestation, also called on-the-spot irrigation system, includes the terrace with slope in between and terrace with an inverted slope, contour planting, fish scale pit and contour ditch. The water collection field is built for a single tree or a tree group without water storage and conveyance facilities in common. Rainwater is stored in the soil by increasing infiltration and improving soil properties. The economic trees are planted along contour line and their water requirement can basically be met by concentrating rainwater from a slope with 6-10 m in width. 
3.Impact of regional rainwater harvesting on the hydrological cycle

The Taihang Mountain, located in the upper reach of the North China Plain is an important water source, which should guarantee the water supply for Beijing, Tianjin, Shijiazhuang and other big cities as well as fulfill the agriculture requirements in the Plain. Implementing water harvesting in the Taihang Mountain has to follow this principle. 
3.1The impact of seepage control of the slope on the hydrological cycle in the river basin

Rainwater utilization for the agriculture and forestry development has produced great social and economic benefits. Experiment on the reforestation on the sunny slope of Taihang Mountain by the Shijiazhuang Agriculture Modernization Institute, CAS showed that the production value for each hectare could reach US $3600. Large-scale rainwater harvesting, especially the seepage control on a large slope does not reduce the water flow downstream. Artificial rainwater harvesting is indeed to deprive rainwater from evaporation. Evaporation is very intense in North China due to the dry climate. According to the rainwater catchment experiments we conducted in Taihang Mountain, natural slope usually does not produce runoff for the rain with common intensity. Runoff can only be formed in the southern slope when rainfall reaches more than 40 mm and has certain intensity. For example, rainfall of 20 mm can only moisten 4~6 cm of the upper soil layer, while the daily potential evaporation usually can be 6~8 mm even to 10 mm. It takes only 3-4 days to exhaust the moisture. It is apparent that the small and medium rain will be consumed by evaporation if it is not collected. Secondly, the rainwater catchment area accounts for 20% of the total watershed and the anti-seepage treatment only occupies about 10% of the slope area. So the rainwater catchment would not have a significant influence on the river runoff. Furthermore, most treated slopes collect water for the above mentioned runoff reforestation, which will in turn, improve the soil moisture and benefit the groundwater recharge. Thus the river runoff in the lower reach will not decrease.
3. 2 Impact of reforestation on watershed hydrological cycle

Generally speaking, evapo-transpiration of a forest is 22% and 30~40% higher than that in the cultivated field and in barren land. The recent experiment with runoff reforestation showed that although the evapo-transpiration of the tree increases, the soil evaporation decreases. In an experiment area of Robina pseudoacacia L. forest with 416 mm of precipitation, the ten-year test showed that evapo-transpiration by trees increased to 60% after slope treatment as compared to 30-40% in tradition case, while soil evaporation and other loss reduced it to 40%. It is also apparent that the increase of tree consumption comes from the inefficient evaporation.
According to the runoff reforestation experiment in Taihang Mountain, the forest density is determined by the following equation:
             (D-d)/d=(CM+M-m)/m
where,  D: distance between tree belts (m)

             d: width of rainwater catchment area

             C: test parameter

             m: annual rainfall (mm)

             s: runoff coefficient

             M: forest water requirement (mm)

Based on the above equation, forest density is determined by water requirement of vegetation community in a natural distribution. Therefore, evapo-transpiration of vegetation would not have negative influence on downstream water flow.
Rational distance between forest belts is 6~7 m according to the above equation. This means that even a dense planting within the belt can only be a scarce forest, for which evapo-transpiration would be small. Besides, the tree belt with high water consumption is in a small area, only 1/6 of the area between the belts. The soil evaporation on the 5/6 area will be reduced with evapo-transpiration increase in the other 1/6 area. So it can be seen that even though the entire slope is used for reforestation, the total water consumption would not increase. The reduction of water flow in the lower reach is out of the question.
4.Problems and prospect of rainwater harvesting in Taihang Mountains

With the rapid increase of population and economy and progress of technology, more and more people will start rainwater harvesting, which means a further control of the hydrological process by human beings. In the area of Taihang Mountain, rainwater harvesting was mainly concentrated in the area of calcareous sandstone where the water shortage is more serious. However it will be necessary to develop runoff agriculture and runoff forestation suitable for the whole Taihang Mountain area given the dry climate and water scarcity in agriculture production and forestation as well as in drinking water supply. In addition, to enable the low annual rainfall of 500~600 mm in the area with uneven distribution to meet the water need during the whole year further developments of rainwater harvesting systems are required. The problem in popularization of rainwater utilization techniques is the relatively high cost of the construction obstructs the development of rainwater utilization in some regions. It is very critical to have a cost-effective design for the system.

People still pay more attention to the water resources of rivers, lakes and groundwater and less attention to the widely distributed rainwater. In order to meet the increasing water demands of agriculture in the plain region and industrial and domestic use in the big cities such as Beijing, Tianjing and Shijiazhuang, 22 big and middle reservoirs with a total capacity of 7.85 billion m3 and more than 400 small reservoirs and 8000 ponds with a total capacity of 1 billion m3 were built in the area of Taihang Mountain. These reservoirs and dams collected most surface runoff in a normal year and little potential of water resources in the river exists. Moreover, the river project can only supply a certain area and the groundwater is not available everywhere, while the rainwater falls on the whole area. Therefore, rainwater utilization is very important for the development of mountainous regions. It is the only way to deal with water scarcity and has a great potential and wide prospect in the area of Taihang Mountain.
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